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Abstract

The key word for the thesis is long-term demandedasting which have been applied on
telecommunications and especially on broadbandsaeseand traffic.

The objective with the thesis has been to structum@ present work on long-term broadband
forecasting, to evaluate the forecasting resultstarextract the learning. Each main chapter ends
with a section called experiences and conclusions.

The thesis is organized in seven main parts.

The first part addresses application of the Detpbhnique for long-term forecasting broadband
accesses. Three Delphi surveys, which have beeducted during a long period, have been
evaluated. All three Delphi surveys have used simirocedures in carrying out the survey,
except that two of the Delphi surveys were postaleys, while one was carried out on site. The
applied procedure is evaluated based on an impogéerence article on Delphi surveys and also
based on the long-term forecasting results. Theleurveys are not very often used. Hence,
the description of the way to conduct the surveys the experiences and also the evaluations of
the results are given specific attention in thesithe

The second part of the thesis has the title “Largatbroadband technology forecasting”. Results
from three papers are presented and evaluatedpdpers show the evolution of the forecasting
modelling. The first forecasts for the broadbandletion in Western Europe were made before
broadband was introduced in the residential mark&vestern Europe. The long-term forecasts
were developed based on Logistic models. The miadeklso includes substitution effects
between broadband technologies. Experiences hawenskhat technological knowledge and
techno-economic evaluations are crucial for makioagg-term broadband forecasts. Some
attention is also put on available broadband aesessatistics and an approach to separate
aggregated broadband statistics to access statistithe business market and for the residential
market.

“Long-term forecasting models for cost componeaard technologies” is the third part in the

thesis. To be able to evaluate broadband techredpgechno-economic calculations of the
“economic” value of the relevant broadband techgi@l® are very important. The extended
learning curve model invented by Borgar T Olsen Kjedl Stordahl is presented. The model is

much more powerful than the simple exponentialnigay curve. The extended learning curve
makes long-term forecasts of component costs asdh®aability to be used directly on techno-

economic calculations, as opposed to the traditieaaning curve model, which does not predict
the cost as a function of time. In addition theeexled learning curve model has interpretable
parameters. It is shown that the model may utiéizeriori information in cases where too few

observations are available.

The fourth part addresses long-term traffic foréngs Three papers are enclosed. The chapter
starts with a short overview of relevant forecagtinodels. Then attention is paid to forecasting
and network planning. A comprehensive overviewhaf field is given together with numerous
references in the enclosed paper “Forecastingimpartant factor for network planning”. Long-
term forecasts for the core network is analyzed @isdussed. Also some figures for the total
broadband traffic evolution in the Norwegian coetwork is presented. The last paper described
in the chapter shows how long-term traffic foresamt aggregated level can be used for traffic
matrix forecasting by using the extended weightkt square method. The chapter ends by
listing several important drivers for new and erdeghbroadband traffic that are important in
traffic forecasting models.
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Long-term forecasts are of course encumbered witeniainty. Four papers are attached in the
fifth part. The papers show how risk analysis isdut evaluate the consequences of uncertainty.
All papers analyses rollout of broadband technasgiThe long-term forecasts are important
inputs to the techno-economic analysis of broadbatidut. The risk analysis evaluates the
effect of the uncertainties in the long-term fogsahrough the “economic value” of the rollout.
The economic value is often expressed by net presdne (NPV), payback period or internal
rate of return. The experiences show that espgdiafl long-term broadband forecasts and the
average revenue per user (ARPU) forecasts are tisé enitical variables, which have the most
significant influence on the variation in the econo value of the broadband rollout.

Long-term adoption rate forecasting is the secasd part. These forecasts are essential for
broadband rollout strategies. One paper descripgmal rollout strategies in the high capacity
broadband market. Long-term adoption rate foredsete been differentiated based on the order
the operators are entering the exchange area. ifidteoperator, who enters, gets all demand
which has been aggregated over years, while theatmpe who enter later only have to fight to
get parts of the future yearly growth. The strateggws how limited investment means should
be applied taking into account the effectivenesmwedsting in large exchange areas and utilizing
the “first mover’s advantage”.

The second paper in this part is called: “Broadbamdhe residual market: First mover’s
advantage”. The paper is so far unpublished anldided completely in the thesis. Long-term
broadband adoption rate forecasts play an importdatin the analysis. The residual market is
defined as the part of the market, which is noteces by broadband infrastructure. The business
case for rolling out DSL in small exchange areabased on monopoly considerations. If the
areas are small enough, the long-term adoption faatxasts for the first mover are locally
upgraded because no other competitor gets a gogsiddss case by entering the area as number
two. Analysis is carried out to develop optimal dufband rollout in the residual areas for given
values of a set of critical variables i.e., longxieadoption rate, long-term ARPU forecasts, DSL
equipment costs, OPEX costs and others.

The thesis ends with a part called “Forecasting hevadband revenue”. This is a very important
and challenging aspect in the telecommunicationldvoifhe paper documents that the
telecommunication spending per household both imwdp and selected European countries
have increased significantly during the last yedrge statistics of households purchasing
behavior is analyzed. The hypotheses is that pairtthe spending categories, which the
households now are paying for, will in the futueegartially substituted by services in the mobile
and fixed network. Relevant spending categoriesparehase of films and music, leasing of
films and music, TV licenses, on demand orderinfjlofs etc, on-line games, gambling, books,
newspapers, magazines, e-learning. A frameworkoiog-term broadband revenue forecasts is
suggested.
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Preface

Since 1992 | have been working on the techno-ecanbmoadband projects partly financed by
the European Commission and the last two yeardhéyNorwegian Research Council. | have
been privileged to be responsible for the markatyais and the forecasting in these projects.

Therefore, | have had the opportunity to follow tevelopment of broadband technologies at an
early stage, to participate in techno-economicyaes of broadband business cases and to follow
the broadband market evolution in Western Europsety.

| am particular indebted to Borgar Tarre OlsensNifistian Elnegaard and Leif Aarthun Ims for
very constructive and fruitful cooperation duritngse years.

The thesis is based on work and papers | have peadduring a long period. Often we do not
have time to put “things” together, to evaluate pteted work and to examine what is learned.
When | finally decided to make a thesis, | founeéagrpleasure in structuring the thesis, to
“review” and select my own papers for the thesid stly to evaluate earlier work. Since | have
been working a lot with long-term forecasting, vaaad the opportunity to compare my long-
term forecasts with the real evolution and evenaextsome learning from the process!

| have participated in these research activitiegpanallel with my ordinary job at Telenor
Networks/Telenor Nordic, and the main part of th@kwhas been done at home during late hours
and weekends.

| would like to thank Carlo Hjelkrem, Lars Rand aBdrgar Tgrre Olsen for constructive
comments to the thesis.

And last, but not least, | want to thank my fanfdy their support, patience and willingness to do
more than | could expect during these years. |bemredicate the thesis to my wife Kari
Synngve, and my children Liv and Hakon.

Kjell Stordahl

Oslo, 22th February 2006
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1 INTRODUCTION

1.1 Background

| have for some decades been working with telecomeations forecasting. The area has been
very interesting and challenging. In the 70’'s arids&ew telecommunications services were
available. In Europe there was no competition arm® tincumbents controlled the
telecommunications market. At that time it was muoabre straightforward to make forecasts in
the telecom market. The demand evolved more smpotitah we see today and more advanced
econometric and mathematical/statistical modelewsed for long-term forecasts.

During the last 15 years the world of telecommutiacahas changed dramatically. The European
mobile system GSM was introduced in 1993. The Eemopnetworks were digitalised in the
90’s. Internet gained speed after the release efWorld Wide Web in 1990 and the first
graphical browser, Mosaic in 1993. ISDN was introetll and after some years the broadband
technologies ADSL and Hybride Fibre Coax (HFC). ibgrthe last years the broadband
technologies Fibre To The Home (FTTH), Fibre To Bulding (FTTB), ADSL2+, power line
connections (PLC), SHDSL, Fixed Wireless Broadb#utess (FWA) and Wireless Local
Access Network (WLAN) have been introduced and cgmup technologies are VDSL2,
Dynamic Spectrum Management (DSM), Wireless FiggliFi) and Wireless Metropolitan
Area Network (WiMAX). The mobile market evolves tte same time by the technologies
GPRS, EDGE and UMTS and the enhancement High Speeailink Packet Access (HSDPA).
The traditional POTS service has during a shoilibddost significant market share to Voice over
IP (VolIP).

Three decades ago a telephone access had no additimctionality. Now, the broadband
terminal is a PC, while the mobile terminal is aaincomputer often with a camera. We see a
variety of new services every year. New complextiehs between services are generated.
Knowledge about substitutions and migration effeate important for understanding the
dynamics of the services. Now, there are many newpetitors and the incumbents have been
forced to open up their markets through wholesate laocal Loop Unbundling. In Norway 170
operators have entered the broadband market.

To be able to make forecasts and especially lomg-trecasts in this complex and very

dynamic market, it is not enough to apply advanckssical forecasting models. A very

important aspect is ability to obtain and to uéliechnical information about new services and
technologies, which may affect the establishedisesv Also techno-economic calculations and
evaluation of new and established technologiesmpertant input to the forecasts. Hence, the
process, especially for making long-term telecomications forecasts, is more complex than
before.

From 1992 until now | have participated in the intgional projects RACE 2087/TITAN, AC
226/0OPTIMUM, AC364/TERA, IST-2000-25172 TONIC and€C&SYS through the European
programs RACE, ACTS, IST and EUREKA/CELTIC. The mabjectives have been to develop
a techno-economic tool and to apply the tool tdymsabroadband and mobile technologies, the
rollout strategies and defined business casesisnatiea. An important input to the analysis has
been long-term forecasts for the Western Europeanken
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1.2 Motivation

The Dr. Philos thesis is mainly based on paperd.ong-term telecommunications forecasting”.
The thesis gives a short review and evaluatioraohef the enclosed papers. To be able to make
reasonable evaluation of long-term forecasting risoded long-term forecasts a natural approach
is to wait and see the real evolution. Therefoegtgpof the evaluations are based on comparing
the long-term forecasts with the real data. Thishis main reason for including some older
publications in the thesis.

The motivation for the thesis has been to view lacten of papers on long-term forecasting,
review the results and examine what is learned.

The majority of the papers are concentrating orathband and long-term broadband forecasting.
The papers include both broadband access foremadtsaffic forecasts.

Techno-economic calculations and evaluation of neldgies show their “economic” value,
which is an important input to the long-term forgtsa A part of the techno-economic
calculations is long-term forecasts and long-teronedasting models for technology and
component cost evolution. Therefore, a paper cfdlseibjects is included in the thesis.

There are of course significant uncertainties cotate to long-term forecasts. To be able to
evaluate the impact of the uncertainties, risk ysial has been applied to show how the
uncertainties in critical variables affect the iesu Some papers focused especially on
uncertainties in the market and penetration fortscare included in the thesis, because this type
of analysis cannot be avoided when long-term farscare used.

Long-term adoption rate forecasts are crucial édlout strategies. Adoption rate is the genuine
demand and defined in chapter 7 of the thesis.opeeator’s rollout strategy should be based on
the long-term adoption rate forecasts, which i<desd in the enclosed papers.

Finally, also forecasting models of new broadbasEnue are included. The paper shows the
potentials for new broadband and mobile revenuesatites a framework for long-term mobile
and broadband revenue forecasts.

Some of the papers are found in “Telecommunicatiémecasting”, Telektronikk (100) no 4,
2004 where | have been the guest editor. The isso&ins a comprehensive collection of papers
in this field from several international experts.

1.3 Organisation of the thesis
The thesis covers the following main areas:

- Long-term demand forecasting and application ofk&hi technique

- Long-term broadband technology forecasting

- Long-term forecasting models for cost evolutiortomponents and technologies
- Long-term traffic forecasting

- Forecast uncertainty and risk

- Long-term adoption rate forecasting

- Forecasting new broadband revenue

The thesis covers long-term forecasts of the braadbmarket and not other markets (mobile,
satellite).
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The following papers for the Dr. Philos thesis anelosed:

L ong-term demand forecasting and application of the Delphi technique

» Stordahl K, “Bruk av ekspertundersgkelser til proggr for nye teletjenester i
privatmarkedet” (Use of expert surveys to foretastdemand for new
telecommunications services in the residential ekelektronikk no. 11994.[Stor94a]

e Stordahl K and E Murphy, “Forecasting long term dench for wide- and broadband
services in the residential marke2EE of Comminications no.2 1995tor95a]

» Stordahl K and L. Rand. “Long term forecasts faydatband demandTelektronikk (95)
no2/3,1999 [Stor99a]

L ong-term broadband technology forecasting

« Stordahl K, L. Rand. “Long term forecasts for brioandd demand’Telektronik ( 95)
no2/3,1999. [Stor99a] (Same paper as the previous one)

« Stordahl K, K O Kalhagen, “Broadband access foitsdas the European market”.
Telektronikk (98) no 2/3November 2002. [Stor02a], (Chapter 1-4,ahdr@e first part
overlaps with [Stor99a))

» Stordahl K. “Long-term broadband technology foréicas, Telektronikk (100) no 4,
2004. [StorO4a]

L ong-term forecasting modelsfor cost evolution of components and technologies

* Olsen B. T., K Stordahl, “Models for forecastingstavolution of components and
technologiesTelektronikk (100) no£004. [Olsen04]

L ong-term traffic forecasting

» Stordahl K, “Forecasting — an important factorietwork planning”. Telektronikk (99)
no 3,2003 [Stor03a]

« Stordahl K, K O Kalhagen, B T Olsen, J Lyderse®IBfsen, N K Elnegaard, "Traffic
forecast models for the transport netwoilk’Proc Networks2002Minic, Germany, June
23-27, 2002. [Stor02b]

« Stordahl K "Methods for traffic matrix forecastingti Proc 12" International Teletraffic
CongressTorino, Italy, June 1-8, 1988. [Stor88]

! Chapter 5 in [Stor02a] presents mobile forecasiich is outside the scope of the thesis.
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Forecast uncertainty and risk

Stordahl K, L A Ims and B T Olsen “Risk assessnamt techno-economic analysis of
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Stordahl K, N. K. Elnegaard, L. A. Ims, B.T. Ols@verview of risks in multimedia
broadband upgrades proc Globecom '99Rio de Janeiro, Brazil, December 5-10, 1999.
[Stor99b]

Stordahl K, N K Elnegaard, B T Olsen, “Broadbandess rollout strategies in a
competitive environment’In Proc Optical Hybride Access Network/Full Servioecess
Network workshopYokohama, Japan, April 4-6, 2001 [Stor01]

Elnegaard N. K., K Stordahl “Analysing the impatfarecast uncertainties in broadband
access rollouts by use of risk analysiB&Jektronikk(100) no £2004 [EIne04]

L ong-term adoption rate forecasting

Stordahl K, N K Elnegaard, B T Olsen, M Lahteeri@ampetition in the Local Loop —
How to Minimize the Market Riskdh Proc. XV International Symposium on Services in
the Local access - ISSLS 20@4linburgh, Scotland, 21-24 March, 2004 [Stor04b]

Stordahl K, N K Elnegaard, “Broadband in the realduarket: First mover’'s advantage”
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Forecasting new broadband revenue

Stordahl K, B. Craignou, T Smura, J O Paret, | Wg|IK R Renjish, T Monath
“Potential new broadband revenue streanite 2005 Networking and Electronic
Commerce Research Conferencake Garda, Italy, 6-9 October, 2005 [Stor05a]
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2 LONG-TERM DEMAND FORECASTING AND APPLICATION OF THE
DELPHI TECHNIQUE

2.1 The Delphi technique

When there are no possibilities for making quatiia forecasting models, qualitative
forecasting methods may be applied. Relevant auiakt forecasting methods are judgemental
methods, market surveys, expert opinions, the ggaloethod, the Scenario method and the
Delphi method.

The Delphi technique is an advanced expert opimmthod developed by Rand Corporation
during the 1950’s. The Delphi technique is a retevi@recasting method when quantitative
statistical models cannot be used because of laakadlable or appropriate data.

The Delphi technique is based on four main prirespl

1) Selection of a number of experts who are responainogmymously without interactions
2) Application of structured questionnaires and cdiadofeedback from the facilitators

3) The questionnaire is sent several rounds until gkgert’'s views iterate to a sort of
common opinion

4) The final result is based on statistical aggregatibthe expert’s responses.

The following papers, where the Delphi techniquased for long-term forecasting, are a part of
the thesis:

« Stordahl K, “Bruk av ekspertundersgkelser til proggr for nye teletjenester i
privatmarkedet” (Use of expert surveys to forecaste demand for new
telecommunications services in the residential ekelektronikk no. 11994.[Stor94a]

» Stordahl K and E Murphy, “Forecasting long term denh for wide- and broadband
services in the residential marke2EE of Comminications no.2 1995tor95a]

» Stordahl K and L. Rand. “Long term forecasts faydatband demandTelektronikk (95)
no 2/3,1999. [Stor99a]

The first paper describes and evaluates the refsaitsa Norwegian Delphi survey conducted in
1975-1976. The second and third paper describesethdts from two Pan European Delphi
surveys conducted in 1993-1994 and 1997. In aksalke Delphi surveys were used to make
long-term forecasts for new broadband serviceshm residential market. All three Delphi
surveys are included in the thesis because theagpes are very similar, which makes it easier
to draw conclusions about the methodology.

To be able to evaluate the results and the longrtErecasts, especially for the two last surveys,
the year 2005 may be a natural check point levettfe validation.

The basis for the three papers was to make foreéaishew telecommunication services when
no historical demand data were available for mbsh® services and demand data would not be
available for several years.
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The evaluation of each of the papers is performead/o steps. The first step is to evaluate how
the Delphi technique is used. The reference arfizléhis part is:

Rowe G, and G. Wright “Expert opinions in forecagtiThe role of the Delphi
technique”. Principles of Forecasting. J Scott Arorsy, ISBN 0-7923-7930-6, Kluwer
Academic Publishers, 2001 [Rowe01]

The article is summing up the knowledge on thikifend gives recommendations for conducting
Delphi surveys based on experience from a set ffHibsurveys and related research.

The second step is to analyse the Delphi resuttcampare the results with the actual historical
evolution of the demand until 2005.

2.2 “Use of expert surveys to forecast the demand f  or new
telecommunications services in the residential mark et”
[Stor94a]

2.2.1 Background
The results from the Delphi survey was described in

» Treelnes T, K Stordahl "Behovsstudie for nye telegger i hjemmene” TF rapport no 19,
1976 [Trae76]

The most important results and evaluation of theilte 19 years later are also documented in
[Stor94a].

The objective of the study was to estimate the {iemmn demand for new telecommunication
services in the residential market. The resultsewsed as input to Long-term planning activities
in Televerket (Telenor).

It is important to underline that the study wasdwcted in a period where most of the services
described were not known either in Televerket aside Televerket. In 1975-76 no available

national or international surveys were availablermost of the services. Some information of the
services described and defined in the Delphi sumvag found in professional international,

mainly American magazines. At that time Televerkatiain services were: telephony, telex,
datel and telegram. Televerket did not conduct etary, market analyses or market surveys
because the organisation at that time had to coratertheir effort to reduce the huge waiting

line for getting telephone access.

2.2.2 Selection of experts

[Rowe01] discusses the effect of having expertsh vét general background compared of
appropriate knowledge in the domain examined. Tdrclasion was that the quality increases
especially in the additional rounds because theemspwere able to understand and adopt
arguments and reasons, which was distributed tegetlth the quantitative part of the feedback.
[Rowe01] also recommend heterogeneous expertsongett too “uniform” answers from the
participants.
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In the Norwegian Delphi survey it was decided tdude expert from a large part of the society,
but a dominating part with relation to existing dntlre telecommunication services. Out of 64
experts 15,5% represented Televerket, 15,5% telexoncation industry and distribution, 8%
newspapers and their organisations, 5% Norwegiaadmasting, 5% governmental departments,
5% publishing houses, 5% technical universities, &ddcation and media research, 3% post
organisation, 25% special experts and 9% sepamstéuitions. The new telecommunication
services defined in the survey covered not onlyttaditional telecommunication services, but
services which were supposed to interact with neapsygs, publishing houses, educational
institutions, postal distribution, Norwegian broadting etc.

The survey was postal and not “on site”.

2.2.3 Number of experts

[Rowe01] discusses the number of experts in a Delpivey and recommends 5- 20 persons.
Arguments for the limitation are: “Larger groupskaaconflicts and produces to a greater extent
irrelevant arguments, easier to create informaveerflow and not too high administrative
costs”. However, the article also states “The amsdweéhe question of what is the optimal size
however is uncertain”. Number of experts availatlay limit the possibilities. More in depth
feedback might suggest a smaller panel of expeltsvever, direct empirical research in this
domain is limited.

In the Norwegian Delphi survey 123 experts wereedsk participate. 54 experts participated in
both Delphi round one and two. 64 experts partieigpaeither in round one or round two. The
guestion is if the needed number of experts has beerestimated in the survey. Personally |
think this is a very difficult question. First off,at must be very difficult to recommend a gerlera
size of number of experts independent of the coniylef the Delphi survey. In the Norwegian
survey a set of new services were examined an@st mecessary to include experts on various
fields in the society to cover specific aspectsctEaf the experts had the possibility to deliver
specific arguments and reasons for their answedsnaany did. These verbal answers were
classified in groups and sent to every expert togrewvith the structured quantitative aggregated
answers. [Rowe01] state®dore in depth feedback might suggest a smallergbar experts” It

is important to notice that one of the main pritegpof the Delphi technique is the anonymity of
the experts. Hence, it is not easy to understamdthe feedback could be more in dept than the
process described in the Norwegian Delphi survey.

2.2.4 Individual arguments and reasons

[Rowe01] documents that the Delphi results imprewteen the feedback contains individual
arguments and reasons for the responses. In theeg@n survey the individual arguments for
each telecommunication service were listed andsifiled, and sent back together with the
guantitative part of the responses.

2.2.5 Number of rounds

Number of rounds is recommended to be 2-3 depernointhe variation of the answers in the

guestionnaire [Rowe01]. In the Norwegian Delphvsyrthere were few outliers after the second
round and the variation in the responses were as$um be acceptable. In the analysis the
median, not the statistical mean, were used todabiais because of some outliers. Therefore, it
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was decided to stop the Delphi survey after romval However, each participant was invited to
attend a half-day workshop with presentation arsgwdisions of the Delphi results. 55% of the
experts participated and gave additional valuéé¢oDelphi survey.

2.2.6 Structuring the questionnaire

[Rowe01] gives many advices regarding phrasing tipres being precise in the questions and
definitions, avoiding irrelevant information, etc.

This point is of course the most fundamental faryéag out a successesful Delphi survey. First
of all, the objectives and the main content for shhevey have to be determined. Both research
and extensive literature search were carried oittantify the future telecommunication services.

A total of 20 new telecommunication services wezéred. Before answering questions about a
service, the following information was presented:

- Description of the service

- Presentation of how the service was used

- Presentation of technical conditions for the servic
- lllustrate (Figure) of the service

In addition a standardized questionnaire for theises was developed. By using this procedure,
the experts got the same questions for each sewiteh made responding easier.

The standardized questionnaire is shown in [Stdr9%he questions in the Delphi survey
covered:

- Desirability for the service

- Usage of the service (Mean time and frequency)

- Annual price for the service

- Demand for a set of prices

- Introduction time for the service

- Demand 5 and 10 years after introduction, respelgtiv

- Deployment coverage respectively 5 and 10 yeaes adtroduction

2.2.7 Evaluation of the results
The services defined in 1976 Delphi survey were:

- Additional TV channels

- TV program with separate payment (Later called: Pdy

- TV programs from program library (Later called: ¥@on demand)
- Video recorder

- Text transmission on the TV screen (Later callezktTTV)

- Extraction of information from data banks (Laterled Prestel in UK and
Teledata in Norway)

- Self service on the network (Later called: Telepghng)
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- Tele education with teacher (Later called: Teleriawy)

- Tele education with computer (Later called: Tebarihéng)

- Tele newspaper on subscription (Later called: Eb@it newspaper)
- Specialised Tele newspaper on demand

- Tele post (Later: Fax, Data communication, E-mail)

- Video phone

- Home office

- Data response and tele control

- New telephone services

- Long distance tele control

- Radio programs on demand (Radio programs and roasiemand)
- Still picture phone

The evaluation of the results from the Delphi syrisedone in [Stor94a] based on information
until 1994 — 19 years after the Delphi survey wasdticted. The evaluation of service by service
is performed rather detailed and will not be repédtere - only the main conclusions.

All defined services have proved to be future prddiis was of course an important basis for the
experts of the Delphi survey. The introduction ykarmost of the services was estimated to be
1990 with a 75% quartile ranging from 1995 to 2@0@ a 25% quartile ranging from 1990 to

1985. For some services introduction year werenagéid to be 1985. Even if the services video
on demand, radio programs on demand and newspapEmeand has been significantly delayed,
the introduction year forecasts from the Delphveyris surprisingly good taken into account the
telecommunication situation in 1976 when the fosezavere produced.

2.3 “Forecasting long term demand for wide- and bro adband
services in the residential market’[Stor95a]

2.3.1 Background

The Delphi survey was carried out in 1993-1994 asira of the European Commission project
TITAN in the RACE Il programme. The TITAN projectedeloped techno-economic
methodologies and a tool to calculate economicevdNiPV, payback period, Internal rate of
return) and evaluate various technologies for mapemd and broadband networks. The Delphi
survey was conducted to develop long-term foredastdemand for new broadband applications
and broadband access capacities. The demand fteetwagether with information of willingness
to pay, were used as input to techno-economic lzions and evaluations of new technologies.

2.3.2 Selection of experts

Since TITAN was a Pan European project and thdtseshould be valid for Western Europe, it
was decided to conduct a Delphi survey, which otdié the Western European market.
Therefore, the intention was to establish a panil experts from the 10 participating countries
in the project. The selection of experts was cdroet based on the same criteria as in the
Norwegian Delphi survey.
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The survey was postal and not “on site”.

2.3.3 Number of experts

It was decided to select 10 experts from each ef ¢buntries, Belgium, Finland, France,
Germany, Greece, Italy, the Netherlands, Norwaytugal, and United Kingdom — a total of 100
experts. However, some non-response occurred aeddts participated in the first round and
50 in the second. The further South in Europehtgker was the non-response.

Since the objective with the Delphi survey was @kmlong-term forecasts for Western Europe,
it should be important to increase the number pkeexparticipants compared to [Rowe01], since
the economic situation, the telecommunication stfuecture and the willingness to pay varies
between countries in Western Europe.

2.3.4 Individual arguments and reasons

[Rowe01] documents that the Delphi results impreween the feedback contains individual
arguments and reasons for the responses. In th&®Rapean survey the individual arguments
for each telecommunication service were listed semt back together with the quantitative part
of the responses.

2.3.5 Number of rounds

The difference between 75% quartile and the 25%tidgiavas reduced significantly from round
one to round two for most all questions. In thelgsia the median, not the statistical mean, were
used to avoid bias because of some outliers anthget robust statistical results. In addition it
turned out to be more difficult than anticipatedprsuade the international experts to complete
their questionnaire. Therefore it was decided op she Delphi process after two rounds.

2.3.6 Structuring the questionnaire

The questionnaire was structured as in the Norweelphi survey. Before answering questions
about an application, the following information waesented:

- Description of the application

- Presentation of how the application was used

- Presentation of technical assumption for the appba
- lllustrate (Figure) of the application

In addition a standardized questionnaire for theliegtions was developed. By using this

procedure, the experts got the same questionsaich application, which made responding
easier. The questions of the Delphi survey covered:

- Reasons for purchasing the application
- Comments
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- User characteristics
- What kind of alternatives to the described applocet exist

- Demand for a set of annual prices for Wideband (@t/g) and for Broadband
(8Mbit/s) quality

- Forecasts for 1995, 2000, 2005, 2010 and the exghesetturation for Wideband (2
Mbit/s) and for Broadband (8Mbit/s) quality

- Willingness to pay for Wideband (2 Mbit/s) and #roadband (8Mbit/s) quality
as a function of the households disposal income

The questions were asked for 128 kbit/s access RO#/s access and 8 Mbit/s access and for 12
different broadband applications.

Finally, the experts were asked to indicate whiulee broadband applications they expected to
have the greatest number of subscribers.

The total number of questions was 398 in the fosihd and reduced to 365, in the second since
some of the qualitative questions were not resubthib experts.

2.3.7 Evaluation of the results
The selected and defined broadband applications:wer

Tele interaction (Entertainment)

- Video on demand

- Multimedia telegame

- Videophony

- Telecommunity (Telemedicine home)
Tele shopping (Electronic market)

- Home ordering with electronic bill payment
- Advertising and marketing
Thematic Channels

- Interactive TV and specialized channels
- Electronic newspaper
Teleworking
- Home office (simple)
- Home office (advanced)
- Remote education (home)
- Remote education (studio)

The defined applications from 1994 are still veelevant and important. The main part of the
applications was assumed to use a broadband ademsgng at the evolution from 1994 to
2005, a very important group of applications abased on Internet, the first graphical Internet
browser and the release of WWW client, Mosaic i®3L9The first years only simple low
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capacity browsing and information retrieval wasgole, but during the last part of the period
also high capacity information retrieval and dovadimg are possible.

Table 2 in [Stor95a] shows the ranking of the aggiions with video on demand, home office
and video telephony on top. Table 3 and 4 showniliengness to pay for the services and the
penetration forecasts which confirm the rankingléd on demand is in the introduction phase in
Western Europe. However, the broadband access npmssible downloading of film clips,
movies, news, earlier distributed TV programs &tany employees utilise home offices today
by use of broadband connection. Video telephony fats turned out to be very popular.
Multimedia telegame, which was ranked as numbes Bxtremely popular among the young
broadband users [MMIO3]. The demand curves for dbevices are still difficult to evaluate
because business models for broadband contentegmaent is under development. So far most
of the countries in Western Europe have a flat raggme, but some countries have traffic tariffs
above a given monthly Gbyte volume [Point04].

It is important to validate the Delphi questioneaand the results based on the situation in 1993-
1994. At that time the concept broadband was maiminown and also the main access
technologies, which is used today. The conceptowdiand (- 128kbit/s), wideband (128 kbit/s
— 2Mbit/s) and Broadband (2Mbit/s -) existed. Todaigeband is eliminated and included in
broadband. The future tariff regime for broadbaraswinknown. In the Delphi questionnaire it
was assumed that the user should pay for the aecesfor the services. Now, because of flat
rate in most of the European countries and no Bpewionthly tariff for the services, it is
difficult to evaluate the forecasting table 4 ind®5a]. If a customer has a broadband access,
then many of the listed applications will be aviaiég independent of the usage or not.

The figure 2.1 in the thesis shows the experts wawhe demand different accesses. The figure
is shown in [Stor94b] and chapter 3 in [Ims98].

254 X

204

WIDEBAND (2MBITS/S)

BROADBAND (8MBITS/SH

DEMAND AS PERCENTAGE OF THE

RESIDENTIAL MARKET

1000 2000 3000 4000
ANNUAL SUBSCRIPTION TARIFF C(ECU

Figure 2.1 Estimated demand curves for ISDN, widad broadband accesses.

The willingness to pay for ISDN, wide- and broawitb@ccesses is shown as a function of annual
subscription tariff in ECU (Euro). When the surwegs conducted, the broadband access was
assumed to be very expensive compared with wieges now. New technology, especially DSL
and HFC and mass production of equipment and nkta@mmponents have reduced the access
price significantly.
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Figure 2.1 and table 1 in [Stor95a] show a setenf\igh annual subscription tariffs for 2Mbit/s
(wideband) access, but the Delphi experts do a gend evaluation, telling that even for the
lowest alternative, 1000 Euro, only 10% of the destial market is willing to order the access.
At the end of 2004, the monthly tariff for 2Mbi#ecess varied mainly between 40 and 60 Euro
among the Western European countries [Point04]. tAh& corresponds to 500-700 Euro per
year. At that time total broadband penetrationudiig also lower access capacities than 2Mbit/s
was about 20% (Section 3.4, Table 3.7 in the thesis

Figure 2.1 and figure 3 in [Stor95a] show in thmeavay a set of very high annual subscription
tariffs for 8Mbit/s (broadband access), but thepdbelexperts do a very good evaluation in this
case too, telling that even for the lowest altewea(1500 Euro per year) only 5% will order the
connection. Until 2004 few operators in Europe @te8Mbit/s or more and the capacity price
was to some extent lower. One year later, 8-15 Milst going to be a more common access
capacity because the cost of ADSL2+ line cardsbieas significantly reduced during 2005. The
ADSL2+ line cards can be put into the same DSLAMaasADSL cards. The lower production
costs will also influence the end user prices aedsiase the demand for higher capacity.

Figure 2.2 shows the long-term access forecastSioN, wideband (2 Mbit/s) and broadband (8
Mbit/s). The figure is shown in [Stor94b] and chap? in [Ims98].

FORECAST AS PERCENTAGE
OF THE RESIDENTIAL MARKET
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Figure 2.2 Long-term forecasts for ISDN, wide anddadband accesses as percentage of the
residential market

The long-term forecasts for ISDN was optimistic asubstitution effects between ISDN and
wide/broadband was not foreseen in the Delphi survggure 5.1 in the thesis shows that ISDN
reached 26% penetration in 2002 in Norway, 7 yafter introduction. Norway and Germany
had the highest ISDN penetration in the world aredret representative of the European ISDN
evolution. The wide/broadband accesses for theleatial market were introduced in Western
Europe in 1999. The accesses offered were mairibwb2 Mbit/s. Since there were only two
alternatives, it is reasonable to interpret thelditMd class to include also lower capacities. Hence
the forecasts were too high for year 2000 and @@oih 2005. (Precise West European statistics
on access capacities is not available). So far,math high capacity access volume has been
offered in the Western European market. Thereftre, forecasts for 2005 seem fairly ok.
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However, because of extensive rollout of ADSL2+dsarthe 2010 forecasts are probably too
low.

Access capacity forecasts from this Delphi surv&yalso discussed in the following paper
[Stor99a] together with access capacity forecasta the 1997 Delphi survey.

Chapter 3, “Demand for new services” page 23-38Kb$tordahl, in the book “Introduction
strategies and techno-economic evaluations” [Imsd®jws additional results from the Delphi
survey.

2.4 “Long term forecasts for broadband demand”. [St 0r99a]

2.4.1 Background

In 1997 broadband accesses were not introducdteiktdropean residential market. Leased lines
were at that time the most relevant technologyhigh capacity connections in the business
market. The Delphi survey was conducted during werkshop “Techno-economics of
Multimedia networks” in 1997 arranged at UniversifyAveiro by the project OPTIMUM. The
European Commission supported the project throlngh ACTS program. The objective for
OPTIMUM was to develop a techno-economic tool amd dvaluate various network
architectures. The Delphi survey was carried owteteelop long-term demand forecasts for new
broadband services and broadband access capaaitie®r predicting the expected broadband
tariff evolution.

Because the experience from the TITAN Delphi surtiem 1993-94 was assumed to be
reasonable good, it was decided to carry out aldsljrvey based on mainly the same approach.
The only difference was the duration of the surwglich now was conducted as an “on-site”
survey, which produced the final Delphi result$wo days.

2.4.2 Planning and conducting the Delphi survey

The questionnaire was finalized before the worksh&pdata program was developed for
implementing the answers from the experts and foydycing figures and tables with
accumulated statistics from the experts. On th& fiay of the workshop, introduction of the
Delphi survey was given in plenum. The presentaiticiuded objectives, how the survey would
be conducted, and information of technical andrfanra prerequisites. The whole questionnaire
was presented and there were comments and quegtiomghe floor, which were answered by
the facilitator (Kjell Stordahl). The questionnareere distributed to the conference participants,
who answered the questions during the Delphi- ees3ihe next day a new Delphi-session was
scheduled. The facilitator (Kjell Stordahl) presshaccumulated statistics for all questions from
the first round and clarified and answered questimom the floor. Then the conference
participants filled out the questionnaire for tlee@nd round. The final results were produced and
posted on a wall the third day.

2.4.3 Selection of experts/number of experts

The experts were participants of the workshop oectiho-economics of Multimedia networks”.
There were 36 participants in the first round aBdr3the second. The experts were not selected,
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but attended as experts because of the workshopy Tépresented 16 different European
countries. However, the experts attended the wogkshand could be considered as a
homogeneous group in that sense. The workshop edvdemand, economics and telecom
technology related areas.

The Delphi criteria on anonymous experts were ratsed and can be evaluated to be a
weakness in the survey. The question is how muuk the experts had to discuss the Delphi
survey after a long conference day and how muchgthestions from the floor influenced the
Delphi results.

2.4.4 Individual arguments and reasons

The questionnaire had some open questions forssaeite (comments, alternative suggestion to
the service). However, there was limited time tesent all individual verbal comments. Some
individual arguments/reasons were presented texiperts after the first round, and the same
experts also presented their views and raised slisnassions.

2.45 Number of rounds

The number of rounds was decided beforehand twbesince the conclusions had to be reached
during the workshop. The workshop program inclutked Delphi sessions. Therefore, the final
Delphi results were not presented in plenum, batt#bles and figures were posted on a wall,
which was available for all the experts. Analydiswed that the interval between 75% and 25%
guartile was significantly reduced from round oaedund two. One example is shown in figure
4 [Stor99a].

2.4.6 Structuring the questionnaire

The questionnaire was structured similar to the ANTDelphi survey. Instead of asking
qguestions of specific applications, the questioesendivided in groups of applications. Like in
the two previous Delphi surveys, the applicatioougr questions started with general description
of the application group, presentation of technassumptions and an illustration (figure).

The main questions in the survey were:

- Application groups: Usage as a function of price

- Access capacity: Penetration as a function of price

- Access capacity: Penetration as a function of ({@@®0, 2005, 2010,
2015 and saturation)

- Access capacity: Demand as a function of disposabtane

The defined access capacities were:
- ISDN
- 2-4 Mbit/s
- 25Mbit/s (downstream)/384 kbit/s (upstream)
- 25Mbit/s (downstream)/6 Mbit/s (upstream)
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The experts were also asked to rank the most impbleading application groups.
Figure 2.3 shows how the description of applicatiamre structured in the questionnaire.

Example of application: Video on demand and Audio/Music on demand.

General description:
This is an application where a video-library isegsed, and programs may be ordered and

transmitted to the home.
This application could substitute some part oftthne spend on ordinary TV and part of money s

on renting videos
in video shops.

Technical assumptions;
The user may either use an advanced telephon®@rta communicate with the video-library. The

transmission of the
video may either be done via a Cable-TV networla telecommunication network. The access

capacity will be in the
range of 2- 4 Mbit/s.

Television

Video library PG
—— Telephone Cable-TV

. o] s} [
' %_l ]
‘ ‘ communication -

network Video Decoder

The video-transmission can either
be done over the cable-TV network,
or the telecommunication network.

1 Given thefollowing alternative prices per hour (1997 ECU). What do you believe
will bethe  expected use of thisgroup of applications (T ele-entertainment)?

Note We assume that the tele-entertainment applicatame supplementary to the
traditional TV channels, but there may be s@uigstitution effects.

Round 1 (medians)

Prices per hour 0,5 ECU 2 ECU 5 ECU 10 ECU 20 ECU

Minutes per day 70 40 12 5 1

Having seen the above results, what would your answers beto the corresponding
question today?

Round 2
Prices per hour: 05ECU 2ECU 5ECU 10ECU 20 ECU
Minutes per
day:

Comments (if any):

Figure 2.3 Description of an application and reladequestions to the application (1997 Delphi
survey)
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2.4.7 Evaluation of the results
The broadband applications were classified in thlewing 7 main groups:

Tele-entertainment

Multimedia telegame
Virtual reality

Video on demand
Audio/music on demand
Information services

- Information retrieval
- Electronic magazines
- Information retrieval by intelligent agents
- Electronic newspapers
Teleshopping
- Teleshopping
- Advertising
Private communications services

- Videophone

- Teleconferencing
Teleworking

- Videophone

- Joint editing/publishing

- Teleconferencing

- Information retrieval

- Multimedia applications
Telelearning

- Video on demand

- Virtual reality
Telecommunity

- Telesurveillance
- Videophone
- Telediagnostics

The applications and application groups definede8ry ago still covers the main broadband
applications in 2005.

Table 3 in [Stor99a] compares the ranking of apgpion in the 1994 and 1997 Delphi survey.
The application groups Teleworking, Information véees and Tele-entertainment were the
highest ranked in 1997. Even in 2005 this rankiegnss to be very good. The ranking is
comparable with the 1994 ranking except that vitldephony is substituted with information
services.
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The 1994 Delphi survey questionnaire handled dadadband application separately. The
conditions in the 1997 Delphi survey presupposetl dhbroadband access was necessary to offer
broadband applications and subscription fee hdzktpaid for the broadband access. In addition
the customers had to pay for the traffic generaiethe different broadband applications. Figure
2 and 3 in [Stor99a] shows the expected usagefasction of price per hour for the defined
application groups. The willingness to pay was rd&dfly highest for teleworking, especially
when the employing company paid for all usage. [Eal@ing and tele-entertainment were
ranked as 2 and 3. Since the households will rallservices the experts was asked to estimate
the usage of a broadband access in minutes pefiod&yalternative prices. The conclusion was
45 minutes per day for 2 Euro per hour and 120 teswer day for 0,5 Euro per hour. The
estimates indicates a monthly traffic charge betwg&@ and 45 Euro per month, which had to be
paid in addition to the access subscription fee.

As mentioned, it is difficult to evaluate the esdt@s of willingness to pay for the usage, because
the main traffic regime in Western Europe todayhie broadband flat rate regime. However,
there are also exceptions. The incumbents Belgabeutsche telecom, KPN, TDC and Telecom
Italy have one or more broadband access produttsieathe traffic is charged per time unit or
per traffic volume beyond a given monthly limit jR®4]. In Belgium practically all broadband
operators avoid the flat rate regime. The white epatBroadband Incentive Problem” by
Broadband Working Group MIT Communication Future@d?am, [BWGO05], statestliat the
broadband traffic per user continuously increasesd agenerates operational costs and
investments without reflection in increased traffltarges and revenue for the operators. The
operators may reach a situation where they wantucedthe traffic instead of stimulating to
increase and create value for the society. Bandwildimanding innovation will not be stimulated
because there exists no incentives. One possibilgy be to introduce charge for broadband
traffic’. So far, it is difficult to draw conclusions abdhe future broadband tariff regime.

The Delphi experts were asked how much a housebaoldlling to pay for broadband capacity
with 128kbit as a reference level. They estimassd figure 12 in [Stor99a], that a household
was willing to pay 50% more for 2Mbit/s, 100% madi@ 50Mbit/s and 120% more for
500Mbit/s.

00T m 75 quarile 1%
250 4 —— 0 quarile = 240
& 258 guartile 220
£ 200 - 1 200
& 176
150
4 100
50+
0 : : : : |
125 kbafs 324 kbiss 2 Mkt 50 Mbit's 500 Mbifs

Capasity

Figure 2.4 Willingness to pay for increased capacielatively to 128 kbit/s
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The results show that there is no linear willingnes pay as a function of increased bandwidth.
The increased willingness to pay as a function aidwidth is rather moderate. Figure 11 in
[Stor99a] gives the same conclusions. The figurewshthat even households with high

disposable income are willing to pay marginally endor high bandwidth. This knowledge is

important and gives directions for relevant prides higher bandwidths. The broadband

evolution so far supports these results. When higloeess bandwidths are introduced in the
market, the prices are not significantly highemtHar lower bandwidth products. At the same
time the prices on all established products araaed as a function of time.

The long-term broadband residential access forgctietn the 1994 and 1997 Delphi surveys are
found in figure 5 [Stor99a]. The figure shows thae high capacities (8Mbit/s, 25Mbit/s)
forecasts have been too optimistic in the perio80286 2005. However, if all capacities are
accumulated the forecasts are reasonable goodddf the broadband access penetration per
household in Western Europe was 1%.

At the end of 2005 the broadband residential patietr is estimated to be about 28,5% (See
chapter 3.4 in the thesis). The 1994 Delphi forects 2005 were 11,3%, while the 1997 Delphi
forecasts were 20,5%, which must be very acceptalieg into account that no demand data
were available and broadband was not introducednwhe forecasts were made. The 1994
Delphi survey’'s 2005 broadband forecasts (11,3%9 way right for 2003 (11,4%), while the
1997 Delphi survey’s 2005 broadband forecasts (2D was very right for 2004 (19,9%). See
chapter 3.4 in the thesis.

2.5 Experiences and conclusions

The strength of the Delphi method is to give thethmediction based on available knowledge
and perspectives about the future. The weaknestheofapproach is lack of scientific and

statistical analysis of historical data and thesgmkty for including biased knowledge. However,

the approach of answering questions in severald®gnpplemented with individual arguments
for the answers should reduce the bias in thetsesul

The results from the Delphi surveys has been béttn what could be expected taking into
account the information available at the time wkien surveys were conducted. The evaluation
of applications/services, the evaluations of exg@atemand, and the long-term forecasts have
been of accepted quality.

A lot of preparations and also research were dorieforehand to be able to define the relevant
applications/ services, to give necessary backgraniormation about the applications/services,
to formulate separate questions and finally thestjoenaire.

It is recommended to describe new applicationsiseswy a description, by presentation of how
the service is supposed to be used, by a shoremet®n of technical conditions for the
application/service and an illustration (figure) thfe application/service. The approach for
presentation is shown in figure 3.3 and 3.4 in®a] and in figure 1 in [Stor99a].

The same design of the questionnaire was used lirthede Delphi surveys. It is also

recommended to use exactly the same type of qguestior each service, so that
misunderstandings may be avoided. Figure 3.2 iarf88] and figure 1 in [Stor99a] show the
guestion design. The question design is also timiegaand makes it possible to include more
guestions compared with more complex questionnaires

The Delphi approach used is recommended for fub@lehi surveys. The approach corresponds
mainly with the guidelines described in [Rowe01].
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The on-site Delphi survey, where the Delphi resulése produced in two days, was effective.
The small deviations from the basic Delphi prinegpdo not seem to reduce the quality of the
results.
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3 LONG-TERM BROADBAND TECHNOLOGY FORECASTING

The next type of models applied for long term bimad forecasting are diffusion models. These
models are quantitative forecasting models, whighkeased on a time series. One class of the
diffusion models are the Logistic models. These efmtave been used in the following papers,
which are a part of the thesis:

» Stordahl K, L. Rand. “Long term forecasts for brioadd demand’Telektronikk (95) no
2/3,1999. [Stor99a]

« Stordahl K, K O Kalhagen, “Broadband access fortscésr the European market”.
Telektronikk (98) no 2/3November 2002. [Stor02a] (The first part overlapih
[Stor99a))

» Stordahl K. “Long-term broadband technology for¢icgs, Telektronikk (100) no 4,
2004. [Stor04a]

The papers describe long-term broadband accessndefogaecasting models for the fixed
network.

The main part of the chapter deals with long-teesidential broadband demand forecasts. The
residential broadband market is the dominating pathe broadband market and constitutes for
the moment about 80% of the total access markatastern Europe.

The data availability is commented and broadbaradissts are analysed to separate the
residential and business market.

Section 3.5 deals with long-term broadband penetrdbrecasts for the business market. This
part of the thesis has not been published before.

3.1 “Long term forecasts for broadband demand” [Sto ro9a]

In [Stor99a] Logistic forecasting models uses thgults from 1997 Delphi survey as input. The
broadband forecasts have been revised and talig3tar99a] shows the information used to
estimate the parameters in the Logistic model. fohecasts were developed in the TERA project
[Stor98b] and the conclusions were published irof@a]. In the document [Stor98b] it is
showed that a three-parameter modelis( level parameterf3 growth parameter and M
saturation) gave bad fitting for 2000 and 2005 afsb low multiple correlation coefficient.
Hence, an additional growth paramejeras introduced. The document shows that the nheltip
correlation coefficient of course increased siguaifitty when an additional parameter was
introduced, but the most important point was thatrmodel got much better flexibility and gave
much better fitting for 2000 and 2005. The estioratprocedure is described in section 4.5 in
[Stor99a]. Examination of the effect gfon RMSE(root mean square error), showed that the
value ofydid not change RMSE for high valueg.=500 andy = 20.000 gave about the same
fitting and the same RMSE). The conclusion was fgplhaa four parameter Logistic model
instead of a three parameter Logistic model becthesenodel had much better fitting flexibility.

The value of the saturation parameter is foundctlyebased on the Delphi experts’ answers,
while the other parameters are found by minimis®MSE. The long-term forecasts for 2, 8 and
26 Mbit/s access are shown in figure 6 in [Stor99a]
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Another simple three parameter Logistic model wafinéd to forecast the distribution between
asymmetric and symmetric accesses for each capdagy. The three parameters were estimated
based on the following three conditions:

- Estimate of the long-term saturation level (degregymmetric accesses)
- Rough estimate of time (number of years) until tiadf saturation was reached
- The degree of symmetric accesses in EoY (end aj €80

The long-term asymmetric and symmetric accesseg,f8rand 26 Mbit/s from 2000 to 2010 is
shown in figure 8. The accumulated forecasts foltbe results from the 1997 Delphi survey
except for year 2000, where the forecasts areos2f6. The actual broadband penetration for
year 2000 was 1%. The forecast for year 2005 i8%@&Gnd the actual broadband penetration for
2005 seems to be about 28,5% (See chapter 3.4 ithéisis) in the residential market. However,
the forecasts for 8 Mbit/s and 26 Mbit/s accessacigs have not evolved as fast as predicted.
The capacities have been introduced in 2003/2004duot have very high market share. So far
mainly the business market have got symmetric lraad accesses through SDSL or SHDSL.
Therefore, the degree 6 —10% symmetric access@80B have been too optimistic. Another
important point, which is missing in the modellimg substitution effects between capacities.

3.2 “Broadband access forecasts for the European ma  rket”
[Stor02a]

In [Stor02a] more advanced residential broadbandasel forecasting models were developed
for the Western European market. Available demandthat time was annual demand

observations from 1999-2001. The main part of coesin Western Europe introduced ADSL in

1999 or 2000. The cable modem technology was intred in the same period and the cable
modem had a very high market share in 1999.

Substitution effects between the main broadbanthi@ogies were modelled by applying a set of
Logistic models. The main technologies were:

- DSL
- Cable modem (HFC — Hybride Fibre Coax)
- Other broadband technologies

In addition DSL was split in ADSL and VDSL. At thame other broadband technologies were
assumed to catch limited market shares duringitsieyears.

The technology forecast modelling was performetth@following way:

The first step was to develop a forecasting modethe total residential broadband penetration.
The next step was to make forecasting models fontarket share evolution of each of the main
broadband technologies. Finally the broadband w@olgy penetration forecasts were found by
multiplying the market share forecasts for the tetbgy with the total broadband penetration
forecasts. The forecasting models applied were ffamameter Logistic models.

In [Stor02] a four-parameter Logistic model was s# to forecast the Western European
residential broadband market. The number of parmmen the model exceeds the number of
observations. A possible solution is to estimae ghturation level independently. The yearly
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demand observations for the period 1999-2001 w&8600,9% and 2,9%. However, the demand
each year is not representative for all countriesesbroadband were introduced on different
times in the period 1999 — 2001 in Western Europe.

The long-term saturation level was estimated to 9f%he households because of coverage
limitations. Estimation of the additional paramstéased on the demand observations the first
years, gave forecasts which were evaluated to dénigh. (The year 2005 forecast was about
30%). Therefore, the forecasts were reduced takitogaccount earlier forecasts (Delphi survey

20,5%). A “compromise” was to develop forecastdetween and EoY 2005 forecasts were

fixed to about 25%. The forecasts are shown inréigul in [Stor02a].

Figure 9 in [Stor02a] shows the Cable modem (HF@jket share forecasts. The market share
forecasts were found by making a forecasting méateDSL and other broadband technologies
and subtract the forecast from 100%. OVUM [OVUMOEprrester [ForrO0] and Strategy
Analytics [Stra0l1] had at that time very optimistarecasts for the cable modem market in
Western Europe. They predicted 24% - 44% marketesaiathe end of 2005. The market share
forecasts in Figure 9 are close to 20% at the @n@d005. The cable modem market share
forecasts modelling is described in more detafiitorO4a] page 24.

The broadband survey performed by Idate, [Idate(J&#dte05b], showed 21,9% market share at
the end of 2004. Figure 3.1 shows the long-termketashare forecasts in [Stor02a].

Market share distribution

—— DS Hther

BB tech
—m Cable moderm

Market share (%)

I:I|I:I T T T T T T T T T T T
1333 2001 2003 2005 2007 2003

Figure 3.1 Long-term market share forecasts betwesble modems (HFC) and DSL + Other
broadband technologies [Stor02a]

Figure 10 in [Stor02a] shows the market share éwmoluof ADSL and VDSL. This is a very
difficult forecast. No other VDSL forecasts werebppshed at that time. The forecasts were based
on extensive techno-economic analysis of the VD&ihmology and VDSL rollouts ([Stor00Q],
[Stor01], [Henr02]). Applications described in tBelphi surveys are applicable on VDSL. The
analysis indicated significant VDSL potentials angositive net present value for roll out of the
new technology. Since there are capacity limitatiom the twisted pair as a function of the
length of the copper line, the market share saturdor VDSL was set to 40%. It was assumed
that the “cherry picking strategy’(no additionafrastructure deployment), would be used the
first years limiting the VDSL potential demand.

VDSL was introduced in Western Europe in 2004 (Betg. IP-TV (TVoDSL) was introduced
in 2005 in several European countries. In additkiDSL2+ with 10-15Mbit/s capacity is
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installed very extensively. From October 2005, Meteinstalls only ADSL2+ line cards instead
of ADSL line cards. Because the same DSLAM is uslkee, ADSL2+ line cards constitute the
overall part of the new investments. Therefore,|ting-term monthly tariff will evolve against to
days ADSL tariff level. A similar evolution is sedor the HFC network. The capacity of the
network has increased significantly through newsirs of Docsis cable modem specifications:
Docsis 1.0, 1.1, 2.0 and 3.0 [CaLabO05]. The lassioa, Docsis 3.0, with minimum dowstream
capacity of 160 Mbit/s and minimum upstream cayakt®0 Mbit/s, will probably be approved in
2007. However, the hybrid fibre coax network maghably have bottlenecks in the upper part
of the coax tree structure if the customers utiiteemuch capacity in the busy hour.

Anyhow, these facts indicate significant increasetbie long-term demand for high capacity
broadband.

The evolution of VDSL (figure 10) follows theseds but should have been delayed 1-2 years.

Another important point arises from these consiitema. When long-term technology
forecasting models are developed, understandirtgabinology, the trends and the possibilities
are vital. Techno-economic modelling of new tecbggl will often be an important part of the
forecasting.

Figure 11 in [Stor02a] shows the prediction of tharket share of ADSL capacity classes. The
forecasts show how ADSL capacity classes substiéaieh other. In many West European
countries more capacity classes are available. éModution so far has been based on more
differentiation in the lower classes, but the etiolutends to remove the lower capacity classes.
In Norway (Telenor) 384 kbit/s and 512 kbit/s ammoved and 1024 kbit/s is the lowest
capacity. Exceptions are subscribers with very long copeegth. 2, 4 and 6 Mbit/s have been
introduced in the market. Hence, the trend desdnibeeasonable even if the capacity classes are
more differentiated. The mean values in figure d/2ga better fundament for comparisons.

Figure 12 is a simple transition from figure 11.idtimportant to underline that this is mean
access capacity, and have nothing to do with @hbteadband traffic in the busy hour. Available
statistics for Western Europe are not found. Howethe ADSL capacity forecasts are evaluated
in detail in the chapter 5.3 in the thesis basedorwegian data. Figure 5.2 in the thesis shows
the capacity evolution in the Norwegian market.

Figure 13 gives a complete picture of the markateslkevolution. The development of the market
share forecasts for the class “Other technologies’not commented in the [Stor02a]. When the
forecasts where developed, demand data of othadbamd technologies were not available. The
forecasts were developed based on an assumptsmauith increase during the first years with a
market share of 1,3% at the end of 2005. Laterjaa data shows that market share evolution
for the class “Other technologies” has fluctuatetween 1,2% and 1,8% in the period 2001-
2004. The future expected evolution is commentezhapter 3.6.

The country group forecasts for the three groupddfd, Norway), (France, Germany, UK) and
(Greece, Portugal) are developed in the same whg. forecasts were based on broadband
statistics from OVUM [OVUMOL1], Jupiter [JupiOl], dnStrategy Analytics [StraOl], in the
period 1999 —2001 and supplementary informatiomeyad from each participating country in
the Tonic project. It turned out that there werensodeviations between the national data
gathered in the project compared to data from tmswaltancy companies.

The broadband access penetration forecasts fola(ieinNorway) and for (France, Germany,
UK) were rather similar. (Finland, Norway) had thighest growth the first years because of the

2 A low end ADSL 704 kbit/s product was reintroduedhe end of 2005
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higher initial penetrations. The long-term satunatievel was estimated to be lower in (Finland,
Norway) because the countries were more sparsepula@d. Therefore, the penetration
forecasts for (France, Germany, UK) were estimé&beloe a little bit higher in the period 2007-

2010. However, an important enhancement of the D& lt&chnology was invented: The mini

DSLAM. The technology made it profitable to rolltoDSL in more sparsely populated areas.
The saturation level would have been higher and thls forecasts if this fact had been known
when the forecasts for (Finland, Norway) were deped.

The broadband access penetration forecasts foe¢grd?ortugal) are much lower because of
delayed introduction in Greece, low initial demahd first years and lower willingness to pay
for broadband.

There are great variations between market shaeedsts in the three country groups. The reason
is different positions for the DSL operators anfileanodem operators regarding initial roll out
and especially the cable modem coverage.

3.3 Data availability

During the period 1999 — 2001, broadband data ftonmsultancy companies were available and
used as the basic statistics for the analysis.elwere some deviations in the statistics from the
companies, so mean values were used as the basgtist. For the country group forecasts
[Stor02a], information from the participating cores was collected and adjustments were done
in the statistics. For the last years, data fronmtRopic [Point05] is used. This statistics se¢ms
have very good quality. The main problem is that dhatistics show the accumulated number of
broadband accesses in the residential and thedsssmarket. The statistics is shown for DSL
and for cable modem. However, the statistics docoatain other broadband technologies. The
statistics include the broadband penetration pérHduseholds in all countries with broadband
infrastructure.

The European Commission funded a project to establioadband statistics for Western Europe.
Idate made four surveys in the period 2003-2004 daaif-year to establish the statistics
[Idate05a].

[Idate05b] is a detailed broadband statistics thatot published, but has been available for the
Ecosys project and also for this thesis. The Id#distics from EoY 2003 together with Point
topics statistics were used for the broadband &stang in [StorO4a). The Idate statistics for EoY
2004 and the Point topic broadband statistics baem used in chapter 3.4 and 3.5 in the thesis.

3.4 Broadband access statistics

During 2000 — 2002/2003 the traditional broadbatadistics was reported as pure residential
penetration related to number of households. [Paiaat is a very relevant measure since the
total residential demand can be calculated by piyitig the total number of households in a
country with the penetration.

The business access statistics is more difficulthémdle. The reason is that the business
population and the broadband potential are notasdyedefined. One possibility is to define the
business population as the number of businessidosain a country. The definition of business
locations is identical with the Norwegian StatiatiBureau of Census definition of a business
unit. However, some refinements have to be donaussc many business units are not active
companies and do not need a broadband access.eQuthter hand, some business units order
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more than one broadband accesses. Therefore,dhdldand potential for the business market is
difficult to estimate and then also the penetratamecasts.

The solution has been to present statistics obtbadband market as the sum of the residential
and the business market to avoid some statisticdllgms. As mentioned in chapter 3.3 the
statistics have limitations. Point topic makes ttyige of statistics [Point05]. The broadband
statistics are presented as the number of broadaecesses per 100 inhabitants. The statistics
covers most of the countries in the world that Heployed broadband. By accumulating the
accesses for all countries in Western Europe,dh@ing table is constructed:

Table 3.1 Broadband penetrations (DSL and cable reog in Western Europe for sum
residential and business market [Point05]

Western Europe covers the EU15 countries and Ideldarway and Switzerland.

In [OECDO05] the status of other broadband techrie®@n Western Europe is described. The
access demand and a backward projection are peesientable 3.2.

Table 3.2 Evolution of demand for other broadbandrgices than DSL and cable modem in
Western Europe [OECDO05]

Table 3.3 includes other broadband technologieshod's the sum of table 3.1 and 3.2.

Table 3.3 Broadband penetrations in Western Eurdpe sum residential and business market
[Point05] and [OECDO05]
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In order to establish statistics for the residérarad the business market, additional information

is necessary. The Idate statistics [ldate05b] asedu The Idate statistics do not cover

Switzerland. Therefore, adjustments for Switzerlaagle been made to get a complete statistics
for Western Europe.

The adjusted Idate statistics have been used &ratepthe residential and the business market,
which is showed in table 3.4 and 3.5

Table 3.4 Broadband penetrations per inhabitant fure residential and business market in
Western Europe [Idate05b]

Table 3.5 Broadband penetrations per household foe residential and business market in
Western Europe [Idate05b]

Table 3.3 and 3.5 show that there are minor diffees in Point topic’s and Idate’s total estimate
for the broadband market in Western Europe. Thed pnetration per household for 2004 Q4 is
24,2% for Idate and 25,0% for Point topic. Theaténce is larger for 2004 Q2 (1,7%), while the
difference is 0,2% for 2003 Q4.

The Point topic total number of broadband acce@sekided other technology) for 2004 Q4 was
40.267.220.

The Idate statistics (including Switzerland) ofalobumber of broadband accesses for 2004 Q4
was 39.925.582.

The difference between the two volumes is less 18an

The deviations between the total penetrations pmrséhold: 25,0% and 24,2% is 0,8%.
However, the relative difference (0,8% / 25%) i8%8,which is much more than 1%. The reason
is the use of different population sizes and hoaolsklsizes when the penetrations were
calculated.

In the following, the mean value of the adjustednPtopics and Idate statistics are used as a
reference level.

Estimation of the 2005 Q2 statistics for residdrgiad business penetration, prediction of the
market share is made in table 3.6.

Table 3.6 Proportion between the size of the bussenarket and the residential market as a
function of time
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The last line in the table is a prediction, whhe bther values are found from table 3.5. The table
shows that the residential market grows faster thanbusiness market. The reason is that the
broadband business accesses increased relatigtgyr than the residential accesses during the
first years.

Finally, table 3.7 shows the demand broadband acstgistics based on mean value of the
broadband demand from Idate and Point topic Stist

Table 3.7 Broadband penetrations per household tbe residential and business market in
Western Europe. [Point05] and [Idate05b]

The residential broadband penetration per househdlestern Europe is shown in the left hand
side of table 3.7. The penetration reached 24,4%/@stern Europe second quarter 2005. No
information is available of the penetration EoY 200rable 3.7 shows that the half year
difference between 2004 Q4 and 2004 Q2 was 5,1%e wie difference between 2005 Q2 and
2004 Q4 was 4,5%. The broadband penetration peseald at the end of 2005 is estimated to
be about 28,5%.

3.5 Long-term broadband forecast modelling of the b usiness market

As mentioned, broadband penetration forecasts arg gonvenient to use. These types of
forecasts have an upper limit (saturation), whimme time can be estimated independently.

The objective with this section is to identify @ifences between the growth in the broadband
residential and business market and to show hoadiyand penetration forecasts of the business
market can be modelled.

The broadband access demand for the business nmf&anhd from table 3.7:

Table 3.8 Evolution of the business market acceskimne in Western Europe
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A Logistic model has been applied for the busimaasket broadband penetration forecasts. The
model, or the data, does not separate IP-VPN aednlet accesses.

This approach uses assumptions from broadbandafstremdelling of the Norwegian market.
The following considerations are important for estiing the market potential:

- The number of business units

- Many business units have been constructed of paresasons

- 62% percentage of business units in Norway havenmgloyees [SSBO06]

- Small business units like fishermen and farmersaihdrs do not order business DSL,
but instead private (residential) DSL

On the other hand, additional broadband accessss lmeuncluded for larger business units. In
modelling the demand for the Norwegian market,sitassumed that potential number of
broadband accesses per business unit is the nwwhberployees divided by 20. In other words,
20 employees should as a mean consideration havgo#sibility to use one broadband access in
parallel. The assumptions have been based on busy doncentration and packet switching
concentrations discussed in [Stor02b] and in secB® in this thesis. The number 20 is
continuously evaluated because the evolution didrigubscription access capacity and usage of
more demand capacity applications.

A factor to be used for downscaling number busingsts to potential broadband access for the
business market is 0,48. The factor takes intow@adceeduction in number of business units that
will order broadband and adjustments for largerifmss units, which in the long run will order
more than one broadband access. The downscalitay faso includes a long-term saturation of
85% of the potential broadband business accesses.

The factor 0,48 has been used for Western Europenasg that the business structure is the
same as in Norway.

The number of business units is found in the [l03lg. The number for Western Europe
including Switzerland is 28.503.000.

This yields a broadband access potential for ttenless market of 13.681.000. The penetrations
are estimated to be:

Table 3.9 Estimated broadband access penetratiartlie Western European business market

A four parameter Logistic model is used to makeyltam forecasts.

Page 39 of 96



The business penetration forecasts are shown urefi@.2. Also the residential penetration
forecasts developed in [StorO4a], see next sedfitime thesis, are shown in figure 3.2.

Broadband penetration forecasts for the business an d
residential market in Western Europe
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Figure 3.2 Broadband penetration forecasts for thasiness and residential market in Western
Europe

The broadband forecast modelling shows that sorsengstions of estimating the potential are
necessary to make penetration forecasts for thedasmarket.

An alternative method is to make forecasts basetheraccess demand in table 3.8. Then the
forecasts will not be dependent on a set of assamjor estimating the broadband potential.
However, it is very difficult to make long-term frasts on these statistics alone. The best should
be to utilise additional information like numbertnfsiness units etc.

The method suggested could be developed furthengaikto account specific aspects for
different countries.

One important message is the very different penetr@volution in the business and residential
market.

Over time, table 3.6 shows that the relative proporof broadband business accesses to
residential accesses changes in favour of resaleatcesses. Figure 3.2 confirms the evolution
and shows that the broadband business marketImgher penetration and is closer to saturation
than the residential market.

Therefore, it is recommended to separate the noystron available broadband statistics, which

shows the broadband evolution as the total numbiebusiness market accesses and the
residential accesses per 100 inhabitants. Developofeseparate forecasts for the business and
residential market makes it possible to forecast dlacess evolution in various areas with

different mix of residential and business customers
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3.6 “Long-term broadband technology forecasting” [S torO4a]

The paper gives an overview of different broadbtatinologies and underlines the necessity to
understand the strength and weaknesses of eadmoteg. Section 6 in the paper introduces
“Techno-economic assessments” because the metlgydisleamportant for the evaluation of the
various broadband technologies.

The position of the dominating broadband techn@sgs influenced by the supply side because
the mass production of network components genel@aiesomponent costs, reduced investments
and reduced tariffs. The roll out and coverage h&f various technologies are also of great
importance. The residual market which cannot beexaV by the dominating technologies, also
gives possibilities for alternative technologiesvor- tree years ago the residual market was a
rather significant part of the total market. At ttiame, the residual market in Norway was
estimated to 25%. However, when mini DSLAMs wer&aduced, the residual market was
reduced significantly. Such technology innovationsrease the market possibilities and the
forecasts. Relevant technologies for the residualket are DSL, WiFi, WIMAX and possibly
DTT, UMTS/HSDPA and satellite for very sparsely ptated areas.

The broadband forecasting methodology follows thmes approach as described in [Stor02a].
The four main broadband technologies are:

- ADSL

- ADSL2+/VDSL

- Cable modem (HFC)
- Other technologies.

The DSL- and cable modem coverage is analysed. r@geeforecasts which are important
premises, are developed and long-term penetraboecdsting models and the forecasts are
described.

The broadband penetration forecasts for end of (&aY) 2005 were estimated to be 26,6%. The
forecasts are shown in figure 8.4 in [StorO4a]. &mse of a very strong growth the last year,
penetration in the Western European market willease from 19,9% EoY 2004 to about 28,5%
EoY 2005.

The broadband survey data from Idate, [Idate03d&t¢05b], shows a significant reduction of
the cable modem market share during the last yeding up with 21,9% in the end of 2004. The
reason is relatively higher DSL growth comparechweiible modem growth. Therefore, the long-
term saturation level for cable modem will be lowraan originally estimated.

The broadband survey from Idate, [Idate05a, IddigO&onfirms the very significant ADSL
growth and the dominating market share of 76,4% B6%¥4. Now, ADSL2+/VDSL have been
introduced commercially in the Western EuropeanketarSome operators like Belgacom have
introduced VDSL and many operators are installingSA2+ cards in the DSLAMs. Therefore,
ADSL2+/VDSL will capture a significant market shaderring the next years. Figure 8.9 in
[StorO4a] shows the ADSL2+/VDSL market share fos¢gaand gives argumentation for the
forecasts. The Logistic model is used for the ADENMDSL market share forecasts. The next
DSL generation with 50 to 100 Mbit/s access cagasiDSM [Ciof04]. This technology is so far
not included in the forecasts modelling.

In [OECDO05] an overview of broadband subscribergdmnnology per 100 inhabitants is shown
per June 2005. The statistics cover both the bssiard the residential market.
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OECD Broadband subscribers per 100 inhabitants, by technology, June 2005
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Figure 3.3 Broadband penetration per 100 inhabitan{Business + Residential) by technology,
Q2 2005, for the OECD market (OECD June 2005)

The statistics shows that the South Korea, NethdslaBelgium, Switzerland, Canada and the
five Nordic countries have the highest broadbandepation followed by Japan and United

States. The broadband statistics also show thanJapouth Korea, Sweden, Denmark and
United States have a much higher market sharewfteehnology than other countries. Norway
is no 6 on this list. The statistics also show #@idhtountries with a relatively high market share
of other technologies were among the 12 OECD camtwith the highest broadband

penetration. The [ECCO05] supports the statistigamding other technologies.

Figure 8.7 in [StorO4a] shows the market shareuwimol of “Other technologies” than DSL and
cable modem. Relevant technologies for the res@emiarket are: FTTB, FTTH, FWA (WiFi,
WiMax, CDMA 450) and possibly PLC (Power Line Commuation). The figure shows the
market share evolution 2000 —2003: 0,4%, 1,2%, 1 B%%.

For 2004 the market share is estimated to be 1([I86te05b], [OECDO0S5]). During the last three

years the market share has not increased in théewleSuropean market. Of course the volume
of accesses of other technologies has increasedpriby in the same proportion as the total
broadband access volume.

Figure 3.4 shows the market share evolution of itin broadband technologies in the
Norwegian market.

The figure shows that wireless solutions were distadd very quickly in the Norwegian market,
but did not succeed in capturing higher marketeshBine reason is that the wireless solutions are
expensive and the technology looses market shaeae e DSL technology is established in the
same areas. However, there is still about 10% efNbrwegian market, which is not covered by
broadband, and the technology has potential inetlasas. Fibre solutions are now growing
significantly. Status for Q3 2005 is 4,7% markedrehconsisting of 3,5% fibre and 1,2% wireless
solutions. Operators in the market are offeringeigat triple play solutions. In addition fibre are
deployed in new “green fields” for dwelling and thedern cottages market and in areas with
much failures in the access networks. In Denmart Sweden fibre is deployed to large
buildings with inside Ethernet connections. Othesgibilities, which may be used later, is to
utilize old (and new) tube structure in the citieslraw fibre to the buildings.
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Market share evolution for the main technologies in the
Norwegian market, 2001 - 2005 (Q3)
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Figure 3.4 Market share evolution between broadbatethnologies in the Norwegian market
Q101-Q305 (Internal statistics, Telenor Nordic, Mat analysis, Kjell Stordahl November
2005)

The OECD statistics showed that the countries high broadband penetration to a larger degree
have utilized FTTH/FTTB solutions. This is takertoiraccount when forecasts for the class
“Other technologies” are performed. Figure 8.10vahthe broadband market share forecasts for
Western Europe. The dominating technology amondié0Otechnologies” is FTTH/FTTB. In
addition the radio solutions WiFi and WiMAX will ger parts of the residual market where the
dominating technologies seems to be too expensive.

The time series on market share of other technedofpr the Western European residential
market is rather stable, fluctuating between 1,8t 56% in the period EoY 2002-2004. So far
it is difficult to use for example a diffusion mddeecause we have only five annual observations
and the last three are very stable. If the mode&lsuaed and estimated parameters based on the
annual time series, the forecasts will be too cwagrre. The fibre solutions will be the ultimate
broadband solution. But techno-economic analyss $teown that FTTH and FTTB are very
expensive solutions especially because diggingdaisting costs are very high. Based on the fact
that 50% of the 12 OECD countries with the highgsbetration have a significantly higher
market share of “Other broadband technologies$ éxpected that the other countries will go in
the same direction. The Norwegian data, figure S8upport this view. In [StorO4a] the market
share forecasts was set to 7.5% in years 2010 amaaneters in a Logistic model were estimated
based on this assumption.

The West European market share forecasts are showigure 8.10 and the technology
penetration forecasts are shown in figure 8.15t01{04a].
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3.7 Techno-economic analysis
Techno-economic analysis is described in section[6tor04a].

From 1992 to 2005 the European programs RACE, ACIBand CELTIC through the projects
RACE 2087/TITAN, AC 226/OPTIMUM, AC364/TERA, IST-20-25172 TONIC and
ECOSYS have developed a methodology and a toadiculation of the overall financial budget

of any access architecture. The techno-economilysesgare used to evaluate technical projects
and portfolios.

The tool handles the discount system costs, opasgtinaintenance costs, life cycle costs, net
present value (NPV) and internal rate of returnRIRThe tool combines low level, detailed
network parameters of significant strategic rel@eawith high level, overall strategic parameters
for performing evaluations of various network atebiures.

The analyses were applied on different broadbantntdogies to examine prospects of the
different technologies. The analyses and evaluatiperformed are important input to the
broadband technology forecasts.

The techno-economic analyses have been used mathemsively in the mentioned European
projects to analyse broadband and mobile busiresssc technology roll out, studies of actors
like operators, broadband strategies etc.

Figure 3.5 illustrates how the techno-economicsssents are performed.

Demand for the Telecommunications
Services

Risk Assessment

; I -
Services ‘llll' Architectures},
— i | — A
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~~~~~ A‘
First Installed
Revenues OAEM < |[nvestments >
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l | e Life Cycle
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Economic _Cash flows,
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NPV IRR PEVIZEIES
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Figure 3.5 Techno-economic tool for calculation NRVRR and payback period for
telecommunications projects

Figure 3.5 shows that broadband demand forecastsiadamental inputs to the analysis.
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In [Ims98] more detailed descriptions of technoreraic modelling and the tool are found.

Chapter 20 in [Ims98] gives a very good overviewtlé findings from techno-economic
analysis. Different broadband technologies havenbaealysed. The possibilities for each
technology is described based on capacity offeratstments per homes passed, broadband
connected demand etc. Similar results are describefDIsen96], [Ims96], [Ims97b] and
[Myhr99].

The techno-economic analysis shows the abilityhefdifferent broadband technologies in urban,
suburban and rural areas combined with investmahtevenue possibilities.

These results are important for broadband techydimgcasting.

3.8 Broadband forecasts comparisons
Figure 10.2, section 10 in [StorO4a] makes compagsetween long-terms forecasts from:

- Tera (1998) [Stor99a]

- Tonic (May 2001) [Stor02a]

- Jupiter (February 2003) [JupiO3]
- Forrester (June 2003) [Forr03]

- Jupiter (April 2004) [JupiO4]

- Ovum (May 2004) [OVUMO04]

- Ecosys (August 2004) [StorO4a]

The forecasts are plotted from 2000 until 2008, clwhis the last year because some of the
consultancy forecasts stops at the end of 2008. fétexasts are shown in figure 3.6 in this
thesis, which is the same as figure 10.2, sectibim IStor04a].

Comparison of long-term forecasts
60 % -

—&—Tonic (M ay 2007
—l—Ecosys (August 2004)
500 {4 —&—OVUM (May2004)
—o—Tera(1998)
——Jupiter (A pril 2004)
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—+—Jupiter (2003) M
30 %
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Figure 3.6 Comparisons of long-term broadband peartion forecasts for the residential
market
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The forecasts are grouped in:

High Long-term forecasts:

- Tonic (2001)
- Ecosys (2004)
- OVUM (2004)

Low Long-term forecast:

- Tera (1998)

- Jupiter (2004)

- Forrester (2003)
- Jupiter (2003)

Looking on the Tera (1998) forecasts [Stor99a], sge a much steeper growth rate in 2008
compared to other forecasts in this group. Figure [Stor99a] shows that the Tera broadband
penetration forecast in 2010 is estimated to be ##%he Western European market. This will

be considerably higher than the expected predigtionthe other forecasts in that group. Hence,
the Tera (1998) forecasts should be upgraded ttHigh Long-term forecasts” group.

The crucial question is what the expected futur@wdion of broadband penetration in Western
Europe is. The penetration is expected to be ab®®% at the end of 2005. The annual growth
seems to be about 8,5% percentages - a formidablehincrease.

In figure 10.2 the Ecosys (2004) forecast is thghést one in 2005 and estimated to be 26,6%
EoY 2005. These facts support the conclusion tmat'iligh” Long-term forecasts clearly seem
to give the best forecasts. Based on knowledge #0665, even the “High Long-term forecasts”
group should be renamed to “Medium” Long-term fasts. The Ecosys forecasts have a turning
point in 2007, which indicates reduced growth i@ Yhestern European market.

3.9 Experiences and conclusions

The papers on long-term technology forecastingHerresidential Western European broadband
market documents fairly good results. There aremifrse deviations when the forecasts are
compared with the real access demand. The EoY &fi@Gasts for the residential broadband
demand were 20% [Stor99a], 24,9% [Stor02a] and%2q&or04a]. The penetration end of year
2005 is expected to be about 28,5%. It should bednthat no historical broadband observations
were available when the first forecasts were deexo

The broadband forecasts made in 1998 [Stor99a] heddeach broadband capacity class
independently without taking into account substtuteffects. The approach has obviously been
wrong. The capacity classes modelled was 2 MBt/Bbit/s and 26 Mbit/s. During the years
1999 —-2005 we have seen much more differentiatiolower capacities and also substitution
effects between each capacity class.

In [Stor02a] and [StorO4a] the substitution effdtése been build into the models by using a set
of Logistic models.
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The experience from work with long-term forecastingdels shows that it has been extremely
important to catch up new information about recaéewelopments in broadband technologies.
Some examples are:

- The development of mini DSLAM, which made it possito roll out mini DSLAM in
sparsely populated areas

- The very low production price of ADSL2+ subscriliee cards, which in the long run
will decrease the price and increase the demarkdgbncapacity broadband accesses

- Enhancement of ADSL to Rate adaptive ADSL, whickegia larger coverage (will
be implemented in Telenor’s network in 2006).

- Introduction of DSM — Dynamic Spectrum Managemaiitich will increase the DSL
capacity considerably [Ciof04]

- Information about approved new standards, for exarfgp WiMax and other services
- etc

Techno-economic analysis is also an important keydng-term forecasting. The analyses have
been applied on the various broadband technologies.papers [Olsen96], [Ims96], [Ims97b]
and [Myhr99] documents strength and weakness adwsibroadband technologies. The analyses
show that FTTH solutions are very expensive andntiagked share evolution for FTTH will
move slowly upwards. The main reason is large diggnd ducting costs. The cost for a fibre
connection to a home (FTTH) is expensive compargd flbore connection to buildings where
many households shares the digging and ducting.cbbe analyses have shown that DSL and
cable modem (HFC) definitely are the cheapest Hraad solutions. The techno-economic
analyses have also examined many other broadbahddiegies. The results of the analysis are
important input to the forecasting process.

International broadband access statistics is gftdrished as the number of accesses per 100
inhabitants, but does not distinguish between délselential and business market. The statistics is
easy to produce in that way, but the statisticater@roblems for forecasters since they have to

transform the statistics to separate residentidllarsiness broadband access statistics in order to
make better forecasts. Statistics of percentageoseholds with broadband access (residential

broadband penetration) is much easier to use thi@h number of broadband accesses in the

residential and business market together. Furthexntbe residential broadband penetration is

interpretable, easy to use and helps the forectstaake better forecast modelling.

A simple model for broadband penetration forecasthe business market of Western Europe is
developed. The model is based on estimating thenpiat broadband business market. It is
important to notice that a registered business ignitot necessary a potential for a broadband
access. In Norway 62% of the registered busine#s @o not have employees. There are
significant uncertainties in the estimation of go#ential broadband access market.

It is showed that the relative proportion betweesidential and business broadband accesses
continuously is changing, which shows that the patien of the residential and business market
evolves differently.

A main problem for making long-term forecasting ralsdfor the Western European market is
lack of detailed information from each West Eurapeauntry. The forecasting models are only
based on aggregated data, because it has not besiblp to make separate forecasting models
for each country in Western Europe. If each couh&g been treated separately by using detailed
country specific information, the aggregated fostsafor Western Europe would have been
better.
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4 |LONG-TERM FORECASTING MODELS FOR COST EVOLUTION OF
COMPONENTS AND TECHNOLOGIES

Learning curves are used in the industry to pregiduction in production time and costs as a
function of produced volume. Borgar T Olsen andllKiordahl invented in 1993 and published
in 1994 a new forecasting model for cost predidip@lsen94]. The forecasting model is an
extension of the learning curve model of Wight &rdwford ([Wrig36] and [Craw44]).

The extended learning curve modeimore flexible, predict the cost evolution atuaction of
time and has interpretative parameters. The maakethre ability to make long-term forecasts for
component costs even when number of observatidimsited.

The following paper is enclosed as a part of tlesith

 Olsen B. T., K Stordahl, “Models for forecastingstaevolution of components and
technologiesTelektronikk (100) no£004. [Olsen04]

4.1 “Models for forecasting cost evolution of compo nents and
technologies” [Olsen04]

Wright and Crawfords’ traditional learning curve dets could not be used directly in techno-
economic calculations because the cost functionaMasction of number of produced units and
not a function of time. The learning curve mode&isimple exponential function starting with
given cost at t=0. The cost is reduced with thecfiom n® wherea is a parameter and n the
production volume.

The first step was to derive a forecasting modethef production volume n(t). The production
volume evolution, n(t), is assumed to follow a Lsigi model with 3 or 4 parameters. The paper
describes the substitution by the Logistic modéb ithe learning curve model in more detail.
Hence, the extended learning curve model can be tostorecast component costs as a function
of time.

The second step was to transform the parametdreahodel to be interpretative (Annex 1-3 in
[Olsen04]). The transformations resulted in théofeing interpretative parameters:

- Production cost in the reference year (starting)yea
- The relative accumulated production volume in eference year

- The time span between 10% to 90% accumulated voltikliai life cycle” = main
part of the life cycle to the component)

- The learning coefficient (How much the cost is m@thwhen the production volume
is doubled)

The reference year is defined as the year wheodimponent is implemented in a given project.
However, the component may have been produced ddwide basis some times earlier.

The traditional objective from a statistical poaftview is to estimate the parameters. When the
number of observations is limited or when there raweobservations at all, statistical methods
may not be used to estimate the parameters. Hoywed®m the parameters are interpretative,
additional knowledge may be included for the estioma
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To give some examples:

- The component price in the reference year shoulldnoevn because of negotiations
with the industry who produces the components

- We should have an opinion about where the compasantthe life cycle, when the
component is bought

- Life cycle of new components is decreasing, becaease technologies substitute the
old technologies increasingly rapid than for terargeago. Therefore, it should be
possible to give a rough estimate of the “Mini Iifgcle” of a component.

- Based on experience regarding type of componensheald have opinion about how
much the cost is reduced when the production volisna®ubled. (Components based
on new technology have higher reductions than riratbtional components)

Table 7.1 in [Olsen04] shows how much differentetyjef component costs are reduced when the
production volume is doubled.

Table 7.2 shows how different components are dladsn different volume classes. This is used
for the extended learning curve forecasts.

Figure 5.1 and especially 5.2 in [Olsen04] shoved the product life cycle decreases with time.
In the projects TITAN, OPTIMUM, TERA, TONIC and EQYS, techno-economic calculations
have been performed to evaluate different broadbecithologies and rollouts.

In the techno-economic projects mentioned, a lal@@base of network components has been
established and maintained. The database contaime &nlarge set of network components,
which are classified according to the differentwoé classes.

Section 8 in [Olsen04] describes how the parametethe extended learning curve model are
estimated. Since the parameters are interpretatieeparameters may also be assessed. In the
two cases presented, the estimated parameter \sdaa®ed to be reasonable.

4.2 Experiences and conclusions

The originally learning curve models by Wright a@cawford do not have the ability to predict
the price as a function of time. The extended legrrturve model developed by Olsen and
Stordahl, has included a Logistic model enablirgyriiodel to forecast the component costs as a
function of time.

The extended learning curve model is an importat pf the tool for techono-economic
calculations and analysis. Since the technologytaadcomponent often are new, very limited
information is available of the cost evolution.

Very often the examined business cases includasrraew technologies or a set of rather new
network components. Then, there are not enougistgtatto estimate the model parameters.

The extended learning curve model includes botlemasions and a priori knowledge through
interpretative parameters into the forecast maatglliTherefore, this type of model has much
larger applicability than traditional models, whidh more dependent on pure statistical
estimation procedures.
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5 LONG-TERM TRAFFIC FORECASTING

Long-term traffic forecasting is important for nemk planning. Short- and medium-term

forecasting is important for local extensions im thetwork, while long-term forecasts gives
valuable information for larger investments in thegworks and for decisions regarding services
and new network platforms.

Three papers are enclosed as a part of the thesis:

» Stordahl K, “Forecasting — an important factorietwork planning”. Telektronikk (99)
no 3,2003 [Stor03a]

« Stordahl K, K O Kalhagen, B T Olsen, J Lyderse®IBfsen, N K Elnegaard, "Traffic
forecast models for the transport netwoilk’Proc Networks2002Minic, Germany, June
23-27, 2002. [Stor02b]

« Stordahl K "Methods for traffic matrix forecastingti Proc 12" International Teletraffic
CongressTorino, Italy, June 1-8, 1988. [Stor88]

5.1 Forecasting models

[Stor03] lists relevant classes of forecasting rodghfor network planning. The following
forecasting methods were recommended for accessdsting: Diffusion models, regression
models, econometric models, ARIMA models, Kalmdtefimodels and smoothing models. The
same classes of models with exception of diffusimrdels were recommended also for traffic
forecasting. The reason that diffusion models vex@duded is that the models have a saturation
level, which cannot be identified for the traffic.

The ARIMA models, Kalman filter models and Holt-Wi&ns’ smoothing models are convenient
for modelling seasonal behaviour. The Kalman filtesdels and the smoothing models may be
used for “automatic” forecasting without specifiatdrference for estimating the model
parameters. It is recommended to use “back castimgimprove the quality of the smoothing
models forecasting ability. Now, program packagesste for automatic estimation of
autoregressive and moving average parameters antfidation of the number of differences in
the ARIMA models. Therefore, these types of modelsy be used automatically. Automatic
forecasting methods were used to forecast theidraféments in the Extended weighted least
squares method [Stor88], while manual proceduresiéweloping the forecasting models were
used for the aggregated traffic.

Diffusion models, regression models and econometradels are candidates for long-term
forecasting. The reason is that regression modedsemonometric models have the ability to
include important explanatory variables. When @&dasting model with explanatory variables is
assessed based on historical fitting, it is impurta note that for example a very high multiple
correlation coefficient does not necessary meannttigamodel is good. The model fitting is based
on exact values of the explanatory variables. Hamethe model forecasts are based on forecasts
of the explanatory variables, which of course witht be true values, but forecasts with
uncertainties. Therefore, explanatory variable$ \Witge uncertainties in the forecasts should not
be included in the forecasting model even if thinfy has turned out to be very good. Forecast of
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some explanatory variables regarding the Norweg@momy from the Bank of Norway or the
Norwegian Bureau of Census may be relevant as eafuey variables and it may be other.
However, it is important to understand the dynaroidhe forecasting process.

Diffusion models perform an interesting class ofdels for access forecasting. The models are
based on annual data, which may be a weaknesshéatlier hand, in its simplest form, the

models have only one explanatory variable and #r&able is the time (number of years). There
IS no uncertainty to forecast this explanatory afale. The models consist of a set of growth
parameters and a parameter for the saturation. leslally, the saturation may be estimated
directly and not by the historical observationsve3al alternatives may exist for estimation.

Results from market surveys may be one alternailite percentage of the population — for

example based on long-term coverage assumptiormsidoyadband access may be another.

As shown in this thesis, the Logistic models hagerbused to develop long-term forecasts. It has
also been commented that the choice of model arttengliffusion models had not been very

important because the number of observations hage bimited and some time not enough even
to estimate the parameters in the model. Howeveernmnumber of observations is sufficient a

two steps iteration procedure is used to estimiaée parameters in the logistic model. The

iteration procedure is explained in section 4.55tor99a]. Regression analysis is applied for the
estimation. It is important to underline that thaltiple correlation coefficient cannot be used as

a criteria for fitting quality. The fitting is badeon accumulated data, which means that the
observations itself have a very high self-explagnaffect and the observations are not at all
independent, which is a criteria for using the ipidtcorrelation coefficient.

The selection and application of the logistic medel long-term forecasting has not been based
on the multiple correlation coefficient, but monme experience regarding the forecasting results,
which is commented earlier in this thesis.

The statistical modelling and estimation is usuallyt enough for the long-term forecasting
process. As commented several times in the thésisas been important to make techno-
economic evaluations of various broadband techmedotp evaluate the future possible market
share for the technology. Also specific break tigtoun production technology is important.

Therefore, additional information has to be incldide the modelling.

5.2 " Forecasting — an important factor for network plann ing
[Stor03a]
The paper gives an overview of forecasts and fetewp methodology for network planning.

Many network planning issues need long-term forogs [StorO3a] lists a set of network
planning processes. The following are linked talberm forecasting:

- Choice of technology and network components

- Design of network structure

- Implementation of new network functionality

- Introduction of new services

- Replacement strategies for old technology/old camepts
- Long-term strategy planning
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Investment analyses are usually based on Net Rresdue and Payback period is applied. The
horizon of this type of analysis will usually beb4¢ears or more. Crucial input to the investment
analysis is long-term forecasts.

The paper also gives an overview of different fagts, which support the planning process. The
following long-term forecasts are relevant:

- Forecasts for service demand

- Subscription/access forecasts

- Traffic volume forecasts for services and applmadi
- Market segmentation forecasts

- Forecasts based on competition/market share

- National/regional/local level forecasts

- Forecasts allocated to various network

- Forecasts allocated to transport/access network

[Stor03] shows several examples of strategic evalus and decisions regarding new
technologies and new networks where long-term #wecplay an important role. Some major
introductions in the Norwegian network during thstl20 years are listed.

Substitution effects are important for long-ternrefmasting. New technology substitutes old
technology for the long run. This of course affdbis forecasts. The paper mentions narrowband
Internet, which continuously is substituted by lolio@nd regarding accesses and traffic.

The following figure (newly developed and not atpar[Stor03a]) shows the penetration growth
of some technologies in the Norwegian network:
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Figure 5.1 Access penetrations for different tecHogies in the Norwegian market as a
function of number of years after introduction (KjeStordahl, November 2005).
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The penetration for NMT and GSM is based on theargian population, while penetration of
the other services are based on the number of holasein Norway

The figure shows what is stated in [StorO3a]: Tdraadband is substituting narrowband Internet,
which affects the evolution of ISDN. The figure @alshows the strong growth of Broadband
telephony accesses.

[StorO3a] describes subscriber/access, capacity teaftic forecasting which is commented
earlier in this thesis.

The last part of the paper discusses uncertaiatiésrisks related to the forecasts. This aspect
will be treated in the next chapter of the thesis.

5.3 “ Traffic forecast models for the transport network”[ Stor02Db]

In 2002 the broadband technology was well estadtisind the broadband traffic had started to
be a noticeable part of the total traffic. The papealyses the broadband traffic, propose a
structure of the expected traffic based on differteaffic segments and suggest some general
long-term traffic forecasting models.

Separate models are suggested for the residemntibbasiness market. The traffic forecasting
models estimates the traffic load in the busy hdte traffic load in the busy hour will vary in
different places in the network depending on tispeetive shares of mix between residential and
business customers. The generated busy hour dditiam dependent of traffic behaviour of the
two customer classes since they don’t have busy &iotlne same time. This procedure has to be
followed for network planning. However, to get infration about the general traffic growth, the
traffic indicator formulas in the paper may be used

Input to the traffic indicator defined in equati@l), are residential broadband access forecasts
described in [Stor02a] and the revised forecadtg(8a] evaluated in Chapter 3 in the thesis.

Input to the traffic indicator defined in equatid¢®), is business broadband access forecasts.
Description of broadband business forecasts isdaansection 3.5 in the thesis. Input to the
traffic indicator defined in equation (3), is mabibhccess forecasts shown in figure 5 and
described in [Stor02a] and adjusted forecasts et [StorO4a] and [StorO5b].

The total traffic volume in busy hours may be foundadding traffic from the three indicators
mentioned and also the traffic from other operatdne are leasing parts of the network.

The broadband traffic load is a function of thalitianal busy hour concentration, but also the
packet switching concentration factor. The lastdacepends very much of the applications
applied and how they are used. In addition thelabks access speed or capacity is important.

The traffic forecasts for the incumbent are based et of traffic indicators. The formula is
rather complex because representative traffic nreasents were not available for pure
broadband traffic. The traffic forecast indicategments the incumbents broadband traffic based
on the following variables:

- Broadband penetration forecasts

- Number of households/business units

- Busy hour concentration factor

- Packet switching concentration factor

- Access capacity utilisation factor

- Mean downstream access capacity
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The variables are described in more detail in [Bbt.

The two first variables give forecasts of the numisecustomers, which were available. Since
the traffic behaviour of the users was not knovasuanptions were mad@n important message
in [Stor02b] is the exponential evolution of théuhe broadband traffic

Now, also the forecasts presented will be evaluated

Figure 1 and 2 in [Stor02b] show the long-term ¢awss for the residential broadband market,
which are a part of the traffic forecast model. Thv@adband access forecasts have been
examined in chapter 3 in the thesis. Figure 3 shingorecasts for increased bandwidth in the
Western European market.

Since West European statistic is not available, pleta statistics of Telenor’s residential retail
market is used to assess the statistics. This marlabout half of the total Norwegian ADSL
market. Statistics from 2001 to 31. August 2008egithe following figure:

Mean capacity evolution for Telenors retail market,
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Figure 5.2 Evolution of mean ADSL capacity in Mb#/for Telenors’ retail market, 2001-
August 2005 (Kjell Stordahl, September 2005).

The mean ADSL capacity is the weighted sum of ciéipac where the weight for each ADSL
capacity is number of ADSL customers with that cdyadivided with total number of ADSL
customers.

In the period 2002-2003 Telenor introduced ADSLamty classes with 1Gbyte and 10Gbyte
limitations respectively and then payment for thenthly usage beyond these limits. A large
proportion of the high usage group churned at timaé to other broadband operators. Then,
Telenor went back to flat rate for all users. IM20Telenor introduced 2Mbit/s and 4Mbit/s
access capacities and transferred at the sameatimeers on 704 kbit/s to 1024 kbit/s without
changing the monthly tariff.

The 2005 mean value (1,50Mbit/s) is from August®2@6ad may be higher at the end of the year.
The slow increase the first years, is caused by lugpacity users who churned to other
operators. Usually, other operators lead an offeoh higher capacity. There are reasons to
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believe that the incumbent mean capacities arerldthen the country mean. Therefore, the
capacity evolution on ADSL, 2001-2005, figure J8tor02b] seems not to deviate much from
national Norwegian data. However, the mean Wedferopean evolution may to some extent be
lower, but information about the situation has Ine¢n found.

Figure 4 in [Stor2b] shows the predicted evolutiddrroncentration of ADSL traffic per user as a
function of busy hour concentration and packet dwity concentration based on given
assumptions. For estimating the broadband tratficyser, also forecasts of the access capacity
utilisation factor and mean downstream capacitpaeded. Figure 5.1 shows the mean ADSL
capacity evolution 2001 — 2005. The user’'s behaviegarding up- and downstream usage and
the ability to utilise the whole capacity is notokvn. To be able to assess the forecasts from
[Stor02b] the access utilisation factor is set %7 for the whole period. Then the traffic
forecasts per user can be calculated for eacmattee (Figure 4 in [StorO2b]). The results are
shown in figure 5.3.

Broadband traffic forecasts per user in busy hour
based on assumptions in [Stor02b]
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Figure 5.3 Broadband traffic forecasts per user ousy hour based on assumptions in
[Stor02b]

Figure 5.3 shows an exponential increase in thiéictrper user. This accounts for both the
aggressive alternative (alt. 1) and the modestradteve (alt. 4). The yearly increase in the period
2003 — 2005 were: 74%, 73% and 111% for alterndtiaed 30%, 40% and 81% for alternative
4,

The long-term forecasts were developed in 2001thadorecast period was 2001 —2010. The
starting point in 2001 was assumed to be aboutki8skper user in busy hour based on the
situation in Norway.

Norwegian measurements showed that the traffic yser started at 20 kbit/s in 2002 and
decreased to 12 kbit/s in 2003. The heavy broadhbmeds caused the decrease in the traffic.
They churned to other operators, when Telenorestacharging the total traffic volume per

month exceeding a given limit.

However, from the first quarter of 2004 there hasrba very significant increase in the traffic
per user in busy hour. Figure 5.4 shows the ewautif traffic per user in the Norwegian core
network (T-nett). The broadband traffic evolutionthe busy hour shown in the figure is the sum
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of residential traffic and the business traffic.eTtnaffic per user is found by dividing the total
measured traffic by the number of users.

Traffic evolution per user in the Norwegian core ne  twork -
T-nett, (Busy hour)
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Figure 5.4 Traffic evolution per user into the Nomgian core network (T-nett) in busy hour
(January 2006)

Figure 5.3 shows that the reference point in figu{&tor02b] is 13 kbit/s per user. At the end of
2005 the four alternatives indicates an intervahieen 47 and 110 kbit/s per user.

Figure 5.4 shows 36,4 kbit/s per user in the bumy Im the Norwegian core network. The traffic
increase per user has been 39% in 2004 and 67%0m 2

Measurements at DSLAM level in the Norwegian netwsimow significantly higher traffic per
user in the busy hour compared to aggregateddriaffat the core network level. The reason is
the law of large numbers. When the busy hour ignddfbased on aggregated traffic, busy hour
from many DSLAMSs are not taken into account. Tharefthe aggregated busy hour traffic on a
lower level in the network will always be higheaththe aggregated busy hour traffic on a higher
network level.

The conclusion is that the assumptions done in 286&ms not all to be out of scale. The
forecasts 2006 - 2010 will be commented at thecérilde chapter.

Figure 5.5 shows the traffic evolution in the Nogna core network.
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Traffic evolution in the Norwegian core network
- T-nett, (Busy hour traffic)
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Figure 5.5 Total traffic evolution in Gigabit/s irthe Norwegian core network (T-nett) in busy
hour. (January 2006)

The traffic is a function of number of users anafffic per user. The figure shows the traffic
evolution from Q1 2004 to Q4 2005. The traffic mased 138% the first year and 145% the last
year. Both figure 5.4 and 5.5 shows an exponegt@lth, in fact with increased growth in the
period Q2 — Q4 2005!

54 “Methods for traffic matrix forecasting” [Stor8 8]

[Stor02b] describes long-term forecasts for thaltbfaffic volume in the core network. In the
same way long-term forecasts can be developedutgoog and incoming traffic at each node at
the edge of the core network. The traffic inside tdore network is a logical mesh network.
Traffic matrix measurement and forecasts are ingmorfor planning and dimensioning all the
routes in the core network.

The network consists of n nodes having a related treffic matrix showing the incoming and
outgoing traffic between the nodes. Kruithof [Krzj3nvented the first traffic matrix forecasting
method by adjusting the traffic elements in theriraby incoming and outgoing traffic (row
sums and column sums) forecasts from each node.

In [Stor85] and [Stor88] new models were developedfurther improve the traffic matrix
forecasts. The idea was to utilize more informatibime improved method, called thé/eighted
least squares methodivas based on making forecasts for the traffic efgmand for row and
column sums, and corrects the deviations (makeistense in the traffic matrix) by minimizing
a weighted sum of squares. The weights representegiimated uncertainty of the various
forecasts. A computer program was developed by Hgian Computer Center to handle
relatively large traffic matrices.

In [Stor88] also the forecasts for the total t@affienerated by the matrix was included in the
model, which was calletExtended weighted least squares methodhe paper describes the
Extended weighted least squares method, evalua¢eméthod and discusses the effects of the
weights used in relation to the forecast uncenaint
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Large traffic matrixes contain a lot of traffic glents and it is of course very time consuming to
make advanced forecasts for each element. The lisk&b procedure was to use simple
forecasting models for the traffic elements and enadvanced forecasting models for the
outgoing and incoming traffic and for the totalffi@ Here, long-term forecasting models are
relevant as well as medium-term forecasting models.

5.5 Experiences and conclusions

The improved traffic matrix forecasting methods esegcommended and included in the CCITT
recommendations [CCITT86], [CCITT88].

The methods were adapted by the Central Traffioritey office in Televerket (Telenor) and
used in the beginning of 1990’s on Telenor’s longtathce network (core network). (Contact
person: Arne @stlie, Telenor). Model input was tery time series for all traffic elements,
incoming traffic, outgoing traffic and the totahftfic. After some years the structure and the
number of long distance exchanges were changed &mshed out to be difficult to reconstruct
the time series in the new traffic matrix structudence, the methodology was not used any
longer. The future development has shown an ewslutdo a more flexible network where it
would have been difficult to maintain a constanicure of the statistics.

The paper [Stor02b] gives a framework for trafficeficasts of the core network. Because of lack
of measurements, assumptions had to be used foifispactors in order to make long-term
traffic forecasting.

Measurements from the Norwegian core network haenlused to evaluate the forecasts made
in 2001. The broadband traffic evolution in the yousour in Norway follows the modest
alternative described in [StorO2b]. Because of ynamcertainties and no available
measurements when the forecasts were made, theyaqpfahe forecasting assumptions have not
at all being out of scale.

Now, it is of course not necessary to use theitrafflicator-forecasting model any longer. First
of all the time series it-self should be used tkenshort-term forecasting. A natural approach is
to use forecasting models for the number of usedsnaultiply the forecasts with forecast of the
traffic per user in the busy hour.

Long-term forecasts for the traffic in the corewatk are still very complicated subjects. When
such a model is built, it is important to includeamy different aspects. Some of them are
commented here.

One question is how ADSL2+ and IP-TV or TVoDSL av®SL will influence the future
capacity evolution. Several operators in Europeehawwoduced TVoDSL in 2004, and this is
only the start of the evolution. This evolution MdEfinitely create substantially higher capacity
traffic in the network.

As commented the ADSL2+ access price will be sigaiftly reduced because of low production
price on the ADSL2+ cards, which will push the aapaevolution significantly upwards
because of increased demand.

Another important factor is the TV transmissionhte@alogy. In a long period both MPEG 2 and
MPEG 4 signals will be used for the transmissiome Bignals have to be transmitted in parallel
to every household who orders TV programs over [b8tause it takes time to remove one
standard from the whole TV market. In addition HDEMnals will also be transmitted. In an
initial period three parallel TV signals instead arfe for each TV program, will probably be
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transmitted. On the other hand, multicast will used not to send the same TV program in
parallel down to different subscribers in the sarea.

An interesting evolution is also identified in th#=-C (cable modem) network. The Docsis 1.1
standard is going to be changed into Docsis 2.0Bousis 3.0 [CalLab05]. This means that the
end user capacity will increase from max 26Mbitewvd- and max 4Mbit/s upstream to

minimum 160 Mbit/s downstream with a fairly highstiigam. The cable modem specification,
Docsis 3.0, is supposed to be approved in 2007.

It is important to underline that not all traffidliAbe part of the transport network. The TVoDSL
distribution will probably be downloaded to thertsport network, which will be used for the
TVoDSL distribution. However, Video on demand seed will be offered on specific

decentralized servers for distribution in the lcaadas.

The described evolution supports the forecasts 2005010 which is showed in figure 4
[Stor02b], even if the development the first yeaos have been very aggressive. To make a more
complete traffic forecast model for 2005 -2010isirecommended to make the same type of
capacity model for High capacity broadband (ADSLYBSL2, DSM and HFC) as was shown
for ADSL. A set of applications including TV appitons, have to be part of the model.

[Stor03b] pointed out that forecasts and long-teracasts are crucial for network planning. The
paper gives an overview of the areas where thedstenodelling is important. The paper gave a
short review of different forecasting models, whiate relevant for network planning. One
problem is that few forecasting models give conim intervals of the forecast uncertainty.
However, this aspect is addressed in the next ehapthe thesis.
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6 FORECAST UNCERTAINTY AND RISK

Forecasts are needed in many telecommunicatiors.areavever, forecasts and especially long-
term forecasts are uncertain. Important decisia®s naany times based on forecasts. When
Telenor makes important investment decisions, seitgi analysis is performed for selected
critical variables. Usually, the forecasts will tmee of the critical variables.

Net present value (NPV) is a natural measure ferettonomic value of investment projects or a
portfolio of investments. A good approach for ewadilng the NPV is to perform either sensitivity
of risk analysis to see how robust the NPV is wtinenvalue of the critical variables changes.

Risk analysis is more advanced than sensitivityyaisa Risk analysis defines a priori probability
densities for each critical variable and makes &trans of the economical measures like NPV,
internal rate of return and payback period basedsiomulations of the probability densities
representing the selected critical variables. Queh <ritical variable is the long-term demand
forecasts.

Kjell Stordahl developed the first framework foskianalysis in the RACE 2087/TITAN project
in the period 1994-1996 [Stor95b]. The frameworksva#gso documented in chapter 9, page 99-
110, in the book “Introduction strategies and teckoonomic evaluations” [Ims98]. Since then,
risk analysis has been applied extensively in gorto-economic projects TITAN, OPTIMUM,
TERA, TONIC and ECOSYS. The risk methodology hasta@2005 been enhanced. These
projects have developed a techno-economic toatdtmulations. However, it was decided not do
specific programming for risk analysis inside toelf but instead use the risk simulation tool
Crystal Ball [Crys06]

The following papers on risk analysis, where loag¥t forecasts are a critical variable, are
enclosed as part of the thesis:

« Stordahl K, L A Ims and B T Olsen “Risk assessnaamt techno-economic analysis of
competition between PNO and Cable operatbrg’roc Networks 96Sydney, November
24 —29, 1996. [Stor96]

« Stordahl K, N. K. Elnegaard, L. A. Ims, B.T. Olsdédverview of risks in multimedia
broadband upgradesn Iproc Globecom '99Rio de Janeiro, Brazil, December 5-10,
1999.[Stor99b]

« Stordahl K, N K Elnegaard, B T Olsen, “Broadbandess rollout strategies in a
competitive environment’In Proc Optical Hybride Access Network/Full Servioecess
Network workshopYokohama, Japan, April 4-6, 2001. [Stor01]

» Elnegaard N. K., K Stordahl “Analysing the impa€farecast uncertainties in broadband
access rollouts by use of risk analysiB&lektronikk(100) no 2004 [EIne04]

6.1 “Risk assessment and techno-economic analysis o f
competition between PNO and Cable operators”[Stor96 |

The analysis in [Stor96] was carried out severalrydefore the first broadband networks were
deployed in Europe. A similar paper was published1B97 [Ims97a]. [Stor96] addresses
different challenges faced by incumbents and capkrators adapting their present networks to
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broadband competition. Extensive risk analysis pexrformed based on long-term forecasts for a
basket of services and for market shares betweeinttumbent and the cable operators. Four
different upgrade alternative were examined, two tfee incumbents and two for the cable
operators:

- Incumbent: Fibre to the node (FTTN) with enhancepper
- Incumbent: Fibre to the building (FTTB) archite@ilrased on ATM-PON

- Cable operator: Fibre to the node (FTTN) architectbased on HFC and cable
modem

- Cable operator: Fibre to the building (FTTB) arebture based on HFC and cable
modem

The following variables, considered as the mosicatlione for the risk analysis, were selected:

- Market shares between PNO (Incumbent) and cabletms

- Penetration forecasts for POTS, ISDN, 2Mbit/s AS8fmmetric Switched
Broadband), 2Mbit/s SSB(Symmetric Switched BroadhaBATV

- Tariffs

Section 3 in [Stor96] shows the long-term markeedasts for POTS, ISDN, CATV, 2Mbit/s
ASB and 2Mbit/s SSB accesses. Parts of the acoessakts (Figure 1) and tariff forecasts
(Figure 2) are based on the TITAN Delphi surveynfra994 [Stor95a]. The broadband access
forecasts have been commented, but not the ISDétdsts. Figure 1 shows a very significant
growth of ISDN (about 40% in 2005) and an inversguction of POTS. However, this situation
did not occur. The main reason was growth of braadbwhich substituted the expected ISDN
growth. Norway and Germany had the highest ISDNepration in the world. Figure 5.1, chapter
5, in the thesis shows that the maximum ISDN paitietr in Norway was about 25%.

The annual tariff forecasts in the paper from 1886reasonably good. One exception is 2Mbit/s
symmetric accesses, which have mainly not beeradaiin the residential market in Western

Europe [Point04]. The 2Mbit/s (SSB) tariff predats for the Norwegian business market seem
reasonable for 2003 and 2004, but the competigsonow pressing the tariffs downwards. The

2Mbit/s symmetric tariffs for the residential an@I30 seem to be too high in 2004-2005 and
also for the further forecasts.

Figure 7 in [Stor96] shows the evolution (forecastestimated standard deviation of the long-
term forecasts for each of the services in theopetP97 — 2006. The Normal distribution is used
as the probability density for each of the critigatiables. For each year the standard deviations
of the forecasts are plotted in figure 7. The stadddeviations were estimated based on the
variation in answers among the experts for theowarforecasting questions in the Delphi survey.

Since the Normal distribution is uniquely definetiem the expectation (here the forecasts) and
standard deviation are given, then all probabdiysities are defined for the long-term forecasts
which are used as input to the simulations in tble analysis. Figure 8 in [Stor96] shows that a
truncated Normal distribution is used in the sirtialss to avoid negative forecasts.

Section 7.1 — 7.4 show the risk analysis of the fescribed rollouts, while section 7.5 — 7.6
evaluate the effects of the critical variables affdcts on the upgrade alternatives.

The risk analysis results for the four differentharectures were described and primary figures
and tables show the frequency distribution of nedsent value, the ranking of the critical
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variables according to their influence on variatioh NPV/IFC(Installed first cost) and a
frequency distribution of the payback period. Thetér NPV/IFC represents roughly the profit
relatively to the investments.

Table 3 and 4 show the ranking of the critical ableés according to their influence on the
variation of respectively NPV/IFC and NPV respeelyw

Figure 9 and 10 in [Stor96] describe the frequedisyribution of the NPV for the incumbent
FTTN based on about 1000 simulations. Figure 9ufeig6.1 in the thesis) shows that no
simulations of NPV are less than 200.000 ECU (Earm) there is a probability of 10% of a NPV
less than 402.000 ECU (Euro).

Forecast: npv

Cell K11 Frequency Chart 998 Trials Shown
,038 - 38

,029 28,5

,019 19

Probability
Asuanbaiy

,010 9,5

,oooi S .|.‘.||II|II| | |||||g|l.||||l.|| s 70

200.000 375.000 550.000 725.000 900.000

Figure 6.1 Frequency distribution of NPV based 098 simulations

Figure 11 (Figure 6.2 in the thesis) and 12 shosvdbmulative frequency distribution of the
payback period. The cumulative frequency distrimutdescribes the probability for having a
payback period less than a given value and viceavétre probability of having a payback period
greater than a given value.

Forecast: payback

Cell J11 Cumulative Chart 990 Trials Shown
,990 - 990

,743 - 742

495 - 495

,248 - 247

Probability
Auanbayy

4,00 5,50 7,00 8,50 10,00

Figure 6.2 Cumulative frequency distribution paybaperiod based on 990 simulations

The risk assessments and additional analysis shattite FTTN alternative for the incumbent is
the best economic alternative with the lowest ridke FTTB alternative for the CATV operator
was the least economic alternative and also withitbhest risk.
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The NPV, payback period, etc are always calculdedmaking decisions of rollout of new
technologies. [Stor96] shows that risk analysisegiimportant supplementary information for
these types of strategic decisions.

6.2 “Overview of risks in multimedia broadband upgr ades”.
[Stor99b]
The first part gives an overview of risks connedizdoll out of a broadband network structure.

Specific attention is put on market risks, comjatitrisks, regulatory risks, technology risks,
operation risks, investment risks and economicsrisk

The second part of the paper describes the metbggdor quantifying the risks. A new

methodology had been developed to define probglgénsities for the critical variables. Instead
of using truncated Normal distributions and Betatrdiutions were introduced. The risk
simulations were performed by the Latin Hyper Cabpgroach. Latin Hyper Cube simulations
use segmented probability distributions to be dina the whole probability distribution is

represented in the simulations.

The long-term cost forecasts were performed by iegjpbn of the extended learning curve
model.

The long-term broadband access forecasts, figungede based on the results from the latest
Delphi survey [Stor99b]. The long-term forecastsalie the evolution of demand for 2Mbit/s,
8Mbit/s and 26 Mbit/s accesses. The long-term fastrare commented in chapter 3.

The long-term tariff forecasts were based on infatian from the latest Delphi survey [Stor99b].

The broadband case study examined is a very coiimpeOHO and residential area, consisting
of large apartment blocks. The incumbent offers ARSd VDSL based on:

- Introduction of DSL in year 2000 (Fibre to the Lgocal exchange))

- Introduction of VDSL and Fibre to the node in ye2005 and then stepwise
deployment of fibre nodes (FTTN128 and FTTN512)

- The incumbent starts with 100% market share inatle@, but is loosing market share
continuously until Fibre to the node is deployed.

The uncertainties based on the following criticaliables, are studied:

- Long-term market share evolution
- Long-term access penetration, 2Mbit/s asymmetmaersgtric, 8Mbit/s and 26Mbit/s
- Long-term tariff forecasts

Specific probability densities were defined for th#erent variables. In addition three different
uncertainty values were allocated to the marketeshacertainty:

- 10% relative standard deviation
- 20% relative standard deviation
- 30% relative standard deviation
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The relative standard deviation was defined aspireentage of the expected value (market
share).

Figure 5 in [Stor99b] shows the expected life cyabsts (Total discounted sum of investment
and operations and maintenance costs). The liféee ayasts are shown for the three different
uncertainties of the market share evolution. ThHeewotdimension of the figure gives the risk
evaluation based on 10% and 5% fractiles of theuksited life cycle distribution.

Figure 6 (Figure 6.3 in the thesis) is an analofiggre for the net present value. The figure
shows that the probability of a negative NPV istejlow when the relative standard deviation of
the market share is 10 —20%.

Mean value

10% fractile
10% standard
20% standard dev

30% standard dev
dev

5% fractile

Figure 6.3 Net present value distribution(mean, 10%86 fractile) based on different degree of
market share uncertainties

However, when the relative standard deviation i%3We clearly see a risk for negative net
present value. The 10% fractile indicates NPV obub0, while the 5% fractile indicates a
negative NPV.

[Stor99b] describes how risk analysis add valuabfermation to the traditional economic
calculations of a broadband case study.

6.3 “Broadband access rollout strategies in a compe titive
environment”[Stor01]

The paper examines different access rollout scemamni dense urban areas where the incumbent
and a cable operator fight to take additional bbaad market share. The analysis focuses on
different evolutionary paths starting with the ties copper pair network. The strategy for the
incumbent is to roll out ADSL and VDSL at the righme.

The rollout case study analyses the broadband dimaa highly competitive dense urban area
where a cable operator and the incumbent planpgoade the network to offer broadband. The
incumbent plan to offer the following DSL capagti®,5Mbit/s, 1Mbit/s, 2Mbit/s, 6Mbit/s and
24Mbit/s, while the cable operator plans to offerveces on HFC.
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Information about long-term forecasts from the datBelphi survey and the adjusted TERA
forecasts [Stor99] is known. However, the forecastsd in this business case are not based on
mean forecasts for whole Western Europe, but fepecific highly competitive area, which
significantly deviates from West European mean el herefore, also the long-term forecasts
shown in figure 1 are significantly higher than \Wesiropean mean forecasts. The long-term
tariff evolution is shown in figure 2.

Because the area is highly competitive, ratheresgive rollout scenarios are examined. In total
7 different rollout scenarios of ADSL/VDSL for thecumbent and HFC rollout for the cable
operator are described. Figure 4-10 show the intton time and describe the market share
evolution for the competitors.

Figure 11 shows the incumbents installed first cost net present value for each of the 7
scenarios. The scenarios showed that the incumbesés market share and low net present
value on broadband rollout if the rollout is sigeaintly delayed compared with the cable
operators HFC rollout.

Risk modelling was used to evaluate the results)galnto account uncertainties in the critical
variables. The “uncertainty” variables were groupethe following main categories:

- Price evolution of DSL equipment
- Long-term penetration forecasts, all services
- Erosion of monthly access fee

The long-term access penetration forecasts wersdbas a four parameters Logistic model. The
tariff erosion was modelled by a simple exponerdisiribution.

Figure 12 shows the probability for negative NPWeTfigure shows that scenario 4 and 3 and
may be 7 are acceptable for the incumbent. Fig@restiows ranking of the three groups of
critical variables according to the influence o tdPV'’s variation for the 7 scenarios. The figure
shows that uncertainty in the tariff evolution eaipk 55%-70% of the variation in NPV. The
uncertainty in the demand forecasts explains 15%;3ghile uncertainty in the cost evolution of
DSL contributes with 7%-17%.

The conclusions about the rating of the groupsritiical variables are not surprising. In 2001
much experience have been learned about the comipoos prices. The broadband demand was
at an early stage and the relative uncertaintyagasimed to be high. Also the uncertainty in the
tariff evolution was assumed to be high. Howevée uncertainty in the tariff evolution
influences the NPV more than the long-term demaméchsts. This is because the forecasts
influence both the revenue and the investment gfaPV, while the tariffs only influence the
revenue part.

In chapter 6.4 in the thesis the effects of demand tariffs are analysed more closely. The
conclusion is reduced overall uncertainty of NP\t&ese of negative correlation between
demand and tariffs.

6.4 “Analysing the impact of forecast uncertainties in broadband
access rollouts by use of risk analysis”[EIne04]

Before reading the comments, it is recommendemttmdhe next chapter and read [StorO4b] or
comments to [Stor04b] because the risk analysisepted, is based on the case study described
and analysed in [StorO4b].
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This paper gives an updated overview of the varioneertainties and risks based on the
overview given in [Stor99]. Substantial risks arenwcected to predicted evolution of the

broadband market regarding market share predictidasiand for enhanced and new services
and demand for accesses. The uncertainties ardlyusxaressed by measures like standard
deviations and confidence limits. Traditional statial methods may in some situations be used
to estimate forecast uncertainties. There are tifferent uncertainty elements in a statistical

forecasting model. One uncertainty element is chusethe parameter estimation itself. The

other is caused by the forecasting period. If thly @xplanatory variable is the time, then no

additional uncertainty in prediction of the timsalf is added. However, if other explanatory

variables are included in the forecasting modekdast uncertainty for each of the variables also
influences the forecasting uncertainty. As mentibime [Elne04], modelling and estimating the

uncertainty in this situation is complicated.

Section 2 in [EIne04] describes two probabilitytdimitions of NPV, representing two projects.
It is showed that the project with highest expeckdiéV value and largest variance in the
distribution is the best investment alternativee onclusion is to examine the combination of
the expected value and the variation when the atials of investment projects are performed.

Section 4 gives an overview of the risk methodolofye use a priori information for estimating
the probability distributions for the critical valiles is crucial. The paper proposes to use either
the Beta distribution or the Log Normal distributid’he procedure is developed by Nils Kristian
Elnegaard and described in Appendix A. The riskyaimsis performed as illustrated in figure 2
in [EIne04] by making a number of simulations of ffcritical) variables and make calculations
of the NPV/Internal rate of return/Pay back periodeach run. After a number of simulations a
distribution like the one in figure 2 will be builthe simulation package Crystall Ball [Crys06] is
used for the simulations. The simulations may beiexh out as pure simulations or by using
Latin Hyper Cube simulations.

The risk analysis was applied to 6 scenarios witfergnt timing and ambition levels for
ADSL2+/VDSL rollout. The long-term adoption raterégasts for ADSL2+/VDSL rollout are
shown in [StorO4b]. Adoption rate forecasts alsdledatake rate forecasts are adjusted
penetration forecasts taking into account the amyer The forecasts are commented more in
detail in [StorO4b] and the next chapter.

Figure 3 in [EIne04] shows the NVP for the differescenarios. Table 1 gives an overview of
critical variables:

- ARPU

- Line card price

- Sales costs

- Provisioning costs

- Equipment price reduction rate

- ADSL/VDSL adoption rate forecast, reference yed120
- Customer installation costs

- Content costs

- Smart card costs

- Customer operations and maintenance

including the following values:
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- Minimum value

- 5% percentile

- Default value (used for traditional NPV calculafion
- 95% percentile

- Maximum value

The parameters of the Beta distribution are esathaased on the values in table 1.
Three approaches for risk analysis were carried out

- Risk analysis based on the 10 critical variablesiole 1
- Risk analysis based on Adoption rate forecastsfdridU
- Risk analysis based on Adoption rate forecast.

The 5% percentile, the 95% percentile and the st@hdeviation of the NPV for all scenarios
and the three approaches are shown in table & shown that the adoption rate forecasts
contribute heavily to the uncertainty in NPV, whilee adoption rate forecasts and the ARPU
contributes much more and close to the total doution of all 10 critical variables.

So far all variables have been simulated indepdhderhere is significant negative correlation
between adoption rate forecasts and the ARPU. RPWA decreases, the adoption rate forecasts
increases, and vice versa).

Now, two alternatives can be used to improve risgults. One alternative is to construct a
demand curve, which give the relation between thgption rate and the ARPU and add noise
components to generation of the drawn values. Aaroditernative is to correlate the two
variables when their values are drawn in the sitrarla. The last alternative was used in
[EIne04] and the correlations used were: -0,2%0@&nd —0,75.

Figure 5 (figure 6.4 in the thesis) shows the 5%cgetiles of the NVP for the 6 scenarios, when
all 10 critical variables are simulated with no retation, -0,25, -0,50 and -0,75 between
adoption rate forecasts and ARPU.
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100 -

Eno corr.

0-0.25 corr.
£1-0.50 corr.
m-0.75 corr.

0 4

-100

5% percentiles of NPV [mill. EURO]

-200

-300 1

-400

Figure 6.4 5% percentiles for various degrees ofrelation between ARPU and Adoption
Rate forecasts. Ten variables simulated
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The figure shows very clearly that the 5% percerdil NPV (risk level) reduces significantly for
all scenarios as a function of negative correlatetween ARPU and adoption rate forecasts.
The same calculations are carried out for adoptida forecasts and ARPU. Figure 6 shows the
same type of results. Still the size of the 5% @etite is not much lower compared to the
situation with 10 critical variables. Hence, theption rate forecasts and the ARPU are still the
dominating factors for generation of NPV uncertaint

6.5 Experiences and conclusions

Risk analysis is an analytical approach used fanmexing the effects of uncertainties in critical
variables. [Stor96] shows different outputs frome trisk analysis and describes how the risk
probabilities should be interpreted.

The papers in this chapter show how risk analysigsed to evaluate the following broadband
business cases:

- FTTN with enhanced copper

- FTTB architecture based on ATM-PON

- FTTN architecture based on HFC and cable modem

- FTTB architecture based on HFC and cable modem

- DSL with enhanced copper

- VDSL with FTTN

- Competition between DSL and HFC operators

- Competition between DSL operators
In all broadband business cases the long-term ehankolution and in particular the long-term
forecasts are critical variables analysed by thle analysis.

The risk analysis for the business cases shows thieatmarket evolution induces greater
uncertainties than the cost evolution. Even when tain part of the component costs are
grouped together, the cost forecasts from this gafucomponents does not contribute as much
to the uncertainties as tarifff ARPU forecasts aaolband penetration forecasts.

[EIne04] shows that ARPU and broadband adoptioa fatecasts are the dominating critical
variables in the ADSL2+/VDSL roll out business cafbe paper also documents that the total
uncertainties are reduced significantly when negatiorrelation are modelled between ARPU
forecasts and adoption rate forecasts.
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7 LONG-TERM ADOPTION RATE FORECASTING

Usually the broadband demand in a given countohaacterised by the broadband penetration.
To be able to identify the potential broadband deanalefined as broadband adoption rate, we
need to know the broadband penetration and ther@ageeSuppose that the rollout at time t gives
the broadband coverage, @nd that the broadband penetration at that tarie iThe broadband
adoption rate (or take rate);, As the ratio between demand and coverage inem ar

A= RIG

The same relation is valid not only for the totabdmlband penetration, but also for the
penetration of different broadband technologiesfandisaggregated areas.

Suppose that the broadband coverage in a coun89%s and the broadband penetration 25%.
When broadband is deployed and offered in a new, dhe real broadband demand (adoption
rate) in this area is 31%, not 25%.

Long-term adoption rate forecasts are importantefcaluation of broadband rollout strategies.
This chapter shows how the long-term adoption i@tecasts are used to make rollout strategies
for high capacity broadband ADSL2+/VDSL2 and foodmiband rollout in the residual market.

The following papers, where long-term adoption riteecasts play an important part of the
rollout strategy, are enclosed as a part of theishe

» Stordahl K, N K Elnegaard, B T Olsen, M Lahteentf@ampetition in the local loop —
How to minimize the market risksh Proc. XV International Symposium on Services in
the Local access - ISSLS 20&4linburgh, Scotland, 21-24 March, 2004

» Stordahl K, N K Elnegaard, “Broadband in the realduarket: First mover’'s advantage”
Unpublished, but sent to WTC/ISSLS 2006.

7.1 “Competition in the local loop — How to minimiz e the market
risks” [Stor04Db]

Section 2 in [StorO4b] describes the long-term Obaend penetration forecasts. Section 3 and 4
describes the ADSL2+/VDSL rollout strategy by staytwith the largest exchanges because the
coverage is high and the investment per customesssthan in other areas.

The differentiated adoption rate forecasts showfigure 5.1 in [StorO4b], are the key to the
rollout strategies. The adoption rate forecasth@vn:

- when an operator enters the area and is alone

- when two operators enters the area at the same time
- when one operator enters the area one year delayed

- when one operator enters the area two years delayed
- etc
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The model for the differentiated adoption rate dasts assumes that the first operator takes the
initial market, while a second operator enteringtngar takes 20% of the growth. The second
operator takes 35% of the market growth the seg@ad, and 50% the next years. Figure 7.1
shows the adoption rate forecasts for ADSL2+/VD&kdd on these assumptions.

Adoption rate as a function of delayed

introduction
35,0%

30,0% —
25,0 % // —e— Alone
/ —m— 0 Year delay
200% 1 year delay
15,0 % / _ a———a 2 year delay
/ —%— 3 year delay
10,0% v —e— 4 year delay
5,0 % / A= —+—5 year delay
—=— 6 year delay
0,0% —'—H——M

2004 2005 2006 2007 2008 2009 2010

Figure 7.1 ADSL2+/VDSL adoption rate forecasts asumction of delayed introduction

The business case is based on rollout of ADSL2+/NDSa large country. The high capacity
broadband market is divided in five market segmant®rding to the sizes of the exchanges. It is
assumed some differentiation in the adoption natéhe different market segments: The larger
exchange areas, the higher demand.

The business case is based on competition betwegn mhain operators rolling out
ADSL2+/VDSL with limited resources each year. Tablé — 7.6 show the rollout each year as a
percentage of the whole market. The main poinf oarse to start the rollout in large exchange
areas. When the most attractive areas are occupiedperator continues with the second best
and at a given point, the operator enter the nitisicive exchange areas as the second operator
instead of entering small exchange areas. The temg-adoption rate forecasts are an extremely
important factor for choosing the most optimal @all strategy.

The results from scenarios 1-6 give some guidelioethe rollout strategies. Figure 9.1 and 9.2
show that two years delayed rollout for the incuntibgives very poor results, while an
aggressive rollout of the incumbent gives high NPV.

It is interesting to see that the largest operatdturope seems to follow the strategy based on
adoption rate forecasts presented in this papertsblee Telecom announced 14. November 2005
that they have decided to speBdBillion Euro to roll out a VDSL FTTN in Germany
[OVUMO5].
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7.2 “Broadband in the residual market: First mover’ s advantage”
[Stor06] Full paper.

7.2.1 Abstract

Long-term broadband penetration forecasts for Wedkirope are presented. The broadband
penetration forecasts take into account the hebrevolution. The broadband penetration
forecasts show the predicted mean demand in Wedarope. However, the penetration
forecasts do not reflect the genuine broadband deéma specific areas. The broadband
penetration forecasts are adjusted according tdotbadband coverage. The adjusted forecasts
are defined as adoption rate forecasts. Thesedst®are used as input to the techno-economic
calculations.

The techno-economic calculations examine broadbalhdut in the different access area types.
Furthermore, copper loop length distribution, disttions of number of potential subscribers and
the adoption rate in the area are analysed.

The paper documents the profitability of broadbaolibuts in sparsely populated areas and
estimates the limits for having monopoly areas fasation of given characteristics.

The identified monopoly areas will of course cdmite to higher broadband coverage because
the profitability in these small areas will be leettthan earlier expected because of none
competition.

The paper ends with recommended broadband ro#itoategies for the residual market.

7.2.2 Introduction
In 2004 the Norwegian Government gave the follovgtegjement regarding broadband:

The government looks at deployment of the broadimetadork as establishment of a national
infrastructure, which during the coming years vii# as important for evolution of the modern
Norway as the telephone network, power line netywaikvay network, roads, water and sewage
network earlier have been for the Norwegian Society

In 2005 the newly elected Norwegian government anoed that they wanted to roll out
broadband toentire country within the end of 200fe Norwegian Ministry of Government
Administration and Reforrhas calculated the cost to cover the last 5% @fNbrwegian rural
areas to about 120 million Euro.

The Norwegian government has so far utilised tlee fmarket dynamics and handed over the
broadband deployment to the operators. To speedoliput of the very last part of the
infrastructure, which so far is not commerciallpfitable, the government has decided to support
with the financing.

This paper does not analyse Norwegian business.cbe paper analyses the residual markets
in Western Europe.

During the last five years West European countngge rolled out broadband extensively. DSL
technology is the dominating technology followed HiFC. Most of the countries in Western

Europe still have a residual market, which so g&anot covered by broadband. The size of the
residual market in Western Europe varies mainlyvbeh 5 — 10% of the total market size. For
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countries outside Western Europe the residual maslen average much higher. Exceptions are:
South Korea, Taiwan, USA, Canada and some others.

The strategy for the broadband rollout has beaower the most densly populated areas as the
first step. DSLAMSs have been installed in largelexgye areas, and cable networks with many
subscribers have been upgraded to HFC. Also weagstems have been used for the coverage.
By entering the most densly populated areas, tleeabqrs secured high market shares and also
low investments per customer. High net presentevahd relatively short pay back period have
generated the broadband rollouts so far.

At present, only more sparsely populated areas haveroadband coverage in Western Europe.
This paper shows that important factors like insesBbroadband demand, lower production price
of broadband equipment and relatively higher masteres for operators who are entering
smaller areas give reasonable good business dases éhese areas.

The paper pays specific attention to DSL technolagyg rollout strategies in the residual
broadband market. DSL is the dominating technoiogyral areas. The residual market consists
of parts of the access network with too long copipees and areas with too few potential
subscribers, where broadband so far has not bded wut. The analysis presented in this paper
shows how DSL can be deployed in smaller areasctease the broadband coverage.

7.2.3 Residual broadband market

The residual broadband market is defined as the gfathe market, which is not covered by
broadband accesses. 100% minus the broadband tagreecoverage is a measure for the
residual broadband market. The broadband coveraga function of rollout of different
broadband technologies like DSL, HFC (cable moddfyA, FTTB/FTTH etc. The definition

of broadband is not quite clear. A definition oftesed expresses broadband as downstream
capacity greater than ISDN (2x128kbit/s+16kbit/s144kbit/s). Other alternatives used, are
384kbit/s or 512kbit/s. The costs to cover the Bbaand residual market increase as a function of
the defined minimum access capacity.

7.2.4 Market evolution and penetration forecasts

To evaluate broadband rollout strategies, broadimaodelling and long-term broadband access
forecasts have been developed. The broadband $brevadelling is based on work in the
techno-economic project ECOSYS ([StorO4a], [Stoip4b

7.2.4.1 Relevant broadband technologies for the residual ma rket

Newly updated forecasts for the Western Europeaadirand market based on the methodology
showed in [StorO4a], have been developed. Figutesiiows the market share forecasts of the
most dominating technologies. The forecast modgllsrbased on Logistic models with four
parameters.
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Figure 7.2 Market share forecasts between ADSL, AR2$/VDSL, Cable modem and other
technologies for the West European residential mark

The figure shows that DSL and cable modem are tairthting broadband technologies in
Western Europe. Other technologies have relatigetpll market shares in the period 1999 —
2006. The most important technologies in this gremp FWA and FTTB/FTTH. The fibre
solutions are rather expensive to establish anad@reandidates for the residual market for most
of the countries in Western Europe. The HFC netwsran enhancement of the traditional TV
distribution network, which has been rolled outunvan and suburban areas. The HFC network
will not be deployed in rural areas because of Jegh investment costs. Hence, HFC (cable
modem) is not a candidate for the broadband rekidasket.

DSL is an important alternative for the broadbaesidual market. However, the technology has
limitations. First of all, the copper loop lengthits the coverage possibilities. Secondly, it will
not be profitable to cover too small areas with BSL installations because of too high
investments per customer.

Other possibilities are especially WiFi, WiIMAX asdtellite. For some countries also the Digital
Terrestrial Television network (DTT) could be a datate. The network has limited capacity for
individual communication and the network will prdihyabe deployed too late.

7.2.4.2 Broadband penetration forecasts for the res  idential market

Newly updated forecasts for the Western Europeaadirand market based on the methodology
presented in [StorO4a], have been developed. Fig@rehows the penetration forecasts.
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Broadband penetration forecasts residential market
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Figure 7.3 Broadband penetration forecasts for thesidential market, Western Europe

The figure shows the broadband penetration foreqast household for the residential Western
European market. The mean value for the all coesmin Western Europe is shown in the figure.
There are of course great differences between testékh European countries. The Netherlands,
Switzerland, Belgium and the five Nordic countriesse a significantly higher penetration than
the mean value for 2005, while especially Greecéd maland have a very low broadband
penetration [OECDO05].

7.2.4.3 Broadband forecasts for the business market

The broadband forecasting model for Western Euh@senot been easily developed because of
lack of data. The most important statistics usedhes Western European broadband survey
conducted by Idate and supported by the Europeamn@ission [Idate05b], Point topics
[Point05], and broadband statistics from OECD [OBGD

A central element of the access forecasts is thg-ferm saturation level. The number of
business units for Western Europe reported in ¢@ii] is a basis for the saturation level. A
business unit is placed at an independent locadimh a company consists of one or more
business units. 62% of business units in Norwayuarts without employees and many of these
units have been constructed to avoid taxes et®(8F It is assumed that only a limited number
of the business units without employees are ordedsimadband access. On the other hand, larger
business units have a potential to order more tham broadband accesses. The number of
accesses needed depends of number of employeethartdaffic concentration, which is a
function of the busy hour concentration factor #mel packet switching concentration factor. It is
assumed that not all employees are using the bapaldhccess. The traffic concentration factor is
assumed to be 1:20. The traffic concentration faatiti of course depend on the evolution of
higher capacity connections and the evolution afyesof high capacity applications.

The number of business units in Europe is fourjtdiate05b]. Based on the traffic concentration
factor and reduction of business units, which apeeted not to order broadband access, the
broadband access potential for the business miaxkgestern Europe is estimated. Figure 7.4
shows the penetrations forecasts.
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Broadband penetration forecasts, business market
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Figure 7.4 Broadband penetration forecasts for bness market, Western Europe

Statistics from [Idate05b] indicates that the voduof accesses in the business market in EoY
2004 was about 19% of the total volume of broadlmrwtsses (Table 3.6 in the thesis). Because
the broadband evolution in the business markdbsec to saturation than the residential market,

the market share ratio increases in favour of éiselential market.

The adoption rate forecast used in the analysisstaito account the different evolutions of the
two markets.

7.2.5 Broadband coverage

The average broadband coverage in Western Europ®#4 at the end of 2004. Most countries
had a broadband coverage of 90% or more, but souonetrees like Greece, Ireland and Norway
had a significantly lower broadband deployment.oAls 2005 the broadband accesses have been
deployed rather extensively. In Norway the broadbB$L coverage increased from 82,0% to
88,4% at the end of 2005.

Figure 7.5 shows coverage of the Western Europeanties for DSL and Cable modems as of
December 2004.
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Figure 7.5 Broadband deployments in Western Eurdpecember 2004 [Idate05a]

The rollout plans and the rollout possibilities thfferent broadband technologies are important
factors for the future broadband coverage andhebroadband penetration forecasts.

7.2.6 Adoption rate forecasts

The broadband rollout has a crucial impact on theadibandpenetration To evaluate the
penetration in Western Europe, the broadbanderagein the country must be identified.
Assuming the rollout at time t gives the broadbaaderage, ¢ and that the penetration at that
time is R. Then theAdoption rate A;, is expressed by /A= R / CG. The adoption rate is the
genuine demand in an area with 100% supply or emeer

Hence, the penetration depends on the coverag¢éhanoroadband adoption rate, reflecting the
genuine demand as a function of the broadbandcgigin availability, the broadband tariffs, the
service quality, etc.

The penetration forecasts are shown in figure A8 @4. The coverage is shown in [Idate05a].
Based on the business and residential market paienthe penetration forecasts and the
coverage, the adoption rate forecasts are calcllate

The adoption rate forecasts express the sum ohbssiand residential accesses per potential
subscriber Potential subscribers in the area are defined as sum of the households and
relevant business units including possible addaldrusiness accesses (Business units with more
than 20 employees will have more than one potebt@dband access).

In the analysis different adoption rate forecasts ased to evaluate the broadband rollout
options. Adoption rate forecasts with modest evotutare represented by countries in central
Europe while adoption rate forecasts with more @ggwve evolution are represented by the
Nordic countries. The adoption rate forecasts aduced because assumption of lower
broadband demands in rural than in urban areaseSmformation about lower demand in
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sparsely populated areas is not available, thecteutufactor is set to 10% for the central
European rollout case and 5% for the Nordic rolcage.

Many business case calculations are based on imteedillout the first month of the year. The
rollout presented here, assumes that the rollout ihe middle of the first year. This is also
representative for an operator with a portfolioafout projects.

Experiences have shown that it takes time fromDi8&AM is installed and the DSL is offered,
to the customers have ordered DSL (to the adopéttndemand is reached). The model assumes
that the demand gradually increases in a 4 morgheguntil adoption rate is reached.

The adoption rate forecasts for rural areas arevsho figure 7.6 for Central European and the
Nordic countries. The adoption rate forecasts atecarrected for entering the area in the middle
of the year and the delay in the adoption.

Adoption rate forecasts for rural areas in Central Europe and
Nordic countries
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Figure 7.6 Adoption rate forecasts, mixed residexhtbusiness for rural areas in central
Europe and Nordic countries

7.2.7 Business case model

The model describes important characteristics ef docess areas. Futhermore, copper loop
length distribution, distributions of number of potial subscribers and distributions of market

share between residential and business accessesnabbined. The techno-economic calculations

examine broadband rollout in the different accesas

The most important factors are copper loop lengtitsthe number of subscribers in the area.
Areas analysed are assumed to have ADSL covera@fdfand ADSL2+ coverage of 70%.

The areas analysed are rural with 5% potentialnessi accesses and 95% potential residential
accesseg?otential subscriberare defined as available subscribers in the lengxt

The reference level for monthly ARPU is set to 40dEper month with a 5% reduction the first
year. The argumentation for the stable ARPU lesehinimal competition and the possibility to
offer higher capacities and ADSL2+. The businesskeatacontributes marginally to higher
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ARPU because of the relatively small proportiorbo$iness accesses. The reference level for the
connection fee is 30 Euro.

The CAPEX cost elements as follows:

- ADSL2+ line cards
- Mini DSLAM
- DSLAM interface
- DSLAM installation and power
- DSLAM internal cabling
- Backhole costs to DSLAM
The cost predictions are found by using the le@rourves [Olsen04].

The OPEX costs is segmented in the following magmnsents

- IP cost per subscriber

- Network operations cost per subscriber

- Support and billing costs per subscriber

- Sales and marketing costs per subscriber
The discount rate is 10% and the riskfree rateetafrn is 5%. The investment horizon is 2006 —
2015. The study period could, alternatively haverbshorter i.e. 2006 — 2011 with a terminal

value. Because of a monopoly situation for the aferwith minimal risks, a fairly long study
period is acceptable.

7.2.8 Techno-economic calculations

A techno-economic tool is used to calculate thenenacal value of broadband rollouts. The tool
and the techno-economic methodology have been alge@lby the European programs RACE,
ACTS, IST and EUREKA/CELTIC through the projects ®A 2087/TITAN, AC
226/0OPTIMUM, AC364/TERA, IST-2000-25172 TONIC an€C&SYS. The techno-economic
methodology and the tool calculate the overallrmal budget of any access architecture. The
tool handles the discount system costs, operatioas)tenance costs, life cycle costs, net present
value (NPV) and internal rate of return (IRR). Tto®l is well suited to combine low level,
detailed network parameters of significant strategievance with high level, overall strategic
parameters for performing evaluation of various woek architectures. More detailed
descriptions of techno-economic modelling and twé &re found in [Ims98].

To evaluate broadband rollout strategies for tlsedueal market, techno-economic analysis uses
the generic access area models, broadband adogtienforecasts and predictions of other
important factors like tariffs, component costsei@gtion and management costs etc

7.2.9 Roll out analysis
The DSL rollout analysis handles two main cases:

- A central European case
- A Nordic case
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Central European case

Net present value (NPV) for DSL broadband rolloas tbeen calculated as a function of the
number potential subscribers in the area. The klons have been performed to examine the
sensitivity of NPV, when the adoption rate foresaste changing. Three different alternatives for
the adoption rate forecasts are used:

- Pessimistic adoption rate forecasts
- Default adoption rate forecasts
- Optimistic adoption rate forecasts

The default adoption rate forecasts are shown gardé 7.6. The pessimistic adoption rate
forecasts ends 10% lower than the default adoptata forecasts in 2015, while the optimistic
adoption rate forecasts end 10% higher in 2015.

The default adoption rate forecasts are closeubnbt identical to the Western European mean.

Figure 7.7 shows the results. The results pres@gaasonopoly area.

NPV of DSL rollout as a function of potential
subscribers. Monopoly. 20 000

—— Optimistic e
—m— Default /

o 15 000
Pesimistic /.//://T

- 10 000

- 5000

NPVin €

\ g \ ‘ 0

45 50 55 60 65 70
L (5000)

' (10 000)
Potential subscribers

Figure 7.7 NPV of DSL rollout as a function of potdial subscribers and different adoption
rates. Monopoly. Central European case.

The figure shows that the NPV is positive for tledadilt adoption rate case where there are 50 or
more potential subscribers in the area. With aipessc adoption rate the critical number of
potential subscribers in the area is 55.

Suppose a second operator enters the same arepsrator no 1, but is one year delayed. Then

the new operator will loose the initial demand @&adnly able to fight to get parts of the yearly
growth. It is assumed that operator no. 2 takes @D%e growth the first year and 50% the next

years.

Figure 7.8 shows the NPV for operator no 1 in theecwhen a new operator enters the area one
year delayed.
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NPV of DSL rollout as a function of potential
subscribers. Competitor one year delayed
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Figure 7.8 NPV of DSL rollout as a function of potdial subscribers and different adoption
rates. Competitor one year delayed. Central Europease.

Because of the new competitor, the critical sizetii®@ DSL rollout has changed from 50 to 58.

The relevant question is what type of analysisnée operator has done, since the operator will
never get a positive business case simply becheseperator was too late and had no possibility
to utilise the first mover’s advantage!

However, the conclusion is that the operator nlead a fairly good business case, independent of
entrance of a competitor. The explanation is thatfirst mover’'s advantage is utilised before
new operators are entering the area.

Figure 7.9 shows how the NPV for DSL rollout in area with 40 potential subscribers is
changing when the value of the main critical vagaluleviates from their default value.

The vertical line in the figure shows the defawatues of the critical variables. The NPV is about
— 5.000€. A positive NPV require that the monthIRR2U level has to increase from 40€ to 45€.
Another option is to find dense areas concentratwhere the distance between the exchange
and mini DSLAM is not too long, such that the baalihcosts are less than 20.000€.

Page 80 of 96



NPV [k€]
(Potential lines: 40)

(25,0) (20,0) (15,0) (10,0) (5,0) 0,0 5,0

Broadband ARPU 30 €

Backhaul Cost

Broadband Saturation

Support, Billing etc.

Sales & Marketing

IP Cost per subscriber - yearly

Network operation cost per subscr. -
yearly

Broadband Connection Fee

DSL Linecard Price

Figure 7.9 Sensitivity analysis. NPV of broadbanallout in an area with 40 potential
subscribers. Monopoly area. Central European case.

Figure 7.9 indicates clearly that the ARPU, backlasts, broadband adoption and to some
extent support/billing are the variables which hthestrongest influence on the ARPU.

Figur 7.10 shows the same analysis for an area6@gbotential subscribers.
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Figure 7.10 Sensitivity analysis. NPV of broadbarallout in an area with 60 potential
subscribers. Monopoly area. Central European case.
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When the DSL rollout area has 60 potential accesisesNPV is about 8.000€. Only a very low
ARPU may squeeze the NPV below 0. No other vargate significant in this respect.

Nordic case

In some Western European countries the broadbametia¢ion is much higher than the mean
West European penetration. Higher penetrationafitiourse improve the rollout business case.
The adoption rate forecasts for mixed businessleesial rural areas are shown in Figure 7.6.
The adoption rate forecasts for central Européssteith 35% EoY 2005, while the Nordic
adoption rate forecasts starts with 54% EoY 2005.

The Nordic case is analysed with and without cortipat The analysis performed is based on
the incumbent point of view. In case of competitibims assumed that operator no 2 enters one
year later than the first one and takes 20% ofjitbhevth the first year and 50% of the growth the
next years.

Figure 7.11 shows the NPV as a function of the nremalb potential subscribers in the area.

NPV for operator no. 1 as a function of potential

subscribers in area with monopolly and area with
competition

20 000

—e— Monopolly

—=— Competitor 1year delayed 15 000

10 000

/’/ /'/ 5 000
‘ ”//./ ‘ 0
25 /3.04‘!5/ 40 45 50 < 000)
‘/ (10 000)
T (15 000)

Potential subscribers

NPV in

Figure 7.11 NPV as a function of potential subscets in the area with and without
competition. Nordic case.

When the area is a monopoly area, the number @ngiat subscribers must be 34 or more to
reach a positive NPV. If another competitor entbesarea one year delayed, the critical size of
the areas is 38 potential subscribers. The adopditenfor the Nordic case, see figure 7.6, shows
that the adoption rate is increasing slowly fronD20The yearly growth is not very large in
absolute terms. Hence, the loss for operator ny Sharing 50% of the yearly growth with
operator no. 2 is not a very great loss, compavdtid initial gain catching 60% of the potential
subscribers during the first year.
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The analysis of the Nordic broadband rollout cds®eas clearly the first mover’'s advantage. In
situations where the adoption rate is very highs itrucial to roll out broadband before other
competitors are entering the areas.

Figure 7.12 shows the results of a sensitivity ysialof the Nordic case with area size of 40
potential subscribers.

NPV [k€]
(Potential lines: 40)

(20,0) (10,0) 0,0 10,0 20,0

Broadband ARPU

45 €

Backhaul Cost 20 000 €

Support, Billing etc.

Broadband Saturation

Sales & Marketing

IP Cost per subscriber - yearly

Network operation cost per subscr. -
yearly

Broadband Connection Fee

DSL Linecard Price

Figure 7.12 Sensitivity analysis. NPV of broadbarallout in an area with 40 potential
subscribers. Monopoly area. Nordic case.

The figure shows that only large changes in the BRIl reject rollout when there are 40 or
more potential subscribers in the area.

Figure 7.13 shows the sensitivities in NPV for @per no. 1 when a new operator enters the area
one year delayed.
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NPV [K€]
(Potential lines: 40)

(20,0) (10,0) 0,0 10,0 20,0

Broadband ARPU

Backhaul Cost

Delay of competitor entry

Support, Billing etc.

Broadband Saturation

Sales & Marketing

IP Cost per subscriber - yearly

Network operation cost per subscr. -
yearly

Competitor's share of new subscr. - entry
year

Competitor's share of new subscr. - 2
years after entry

Broadband Connection Fee

DSL Linecard Price

Figure 7.13 Sensitivity analysis. NPV of broadbarallout in an area with 40 potential
subscribers. Competition area. Nordic case.

When there is competition in the area, rollout neas with 40 potential subscribers give a
positive net present value. However, changes irctitieal variables may change the NPV value
to be negative.

7.2.10 Rollout strategies and conclusions
The analysis shows that the most critical variabiidbe rollout analysis are:

- The size of the area

- ARPU

- Backhaul costs

- Adoption rate forecasts

For the central European monopoly case, the oper@dgches positive NPV when number of the
potential subscribers in the area is about 50.aseca new operator enters the area one year
delayed, the critical value for operator no. 1lnsagea size of 58 potential accesses.

The Nordic case has much higher adoption ratettegentral European case. The operator who
rolls out broadband, needs only to have 34 potesiiascribers to get a positive NPV. In case of
competition (competitor one year delayed) the @ltnumber of potential subscribers is 38. The
very small difference between the critical valuathvand without competition is caused by the

high adoption rate when the rollout starts.

The ARPU is the most uncertain variable; henceag the strongest influence on NPV. But the
ARPU is also the key variable. Since the area mamopoly, the operator may claim higher
ARPU in these sparsely populated areas, arguingttigacosts are higher for the broadband
rollout. Another option is supplementary financiingm the government (The Norwegian case)
or from the municipalities. If so, rollout of DSLay occur in even smaller areas.
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Only some figures have been presented to showritieatarea size for DSL rollouts. There are
many combinations of the values of the criticaliafales, which have not been presented.
However, there will only be minor changes in thsults if the variables do not deviate from the
intervals shown in the figures.

The analysis of the Nordic broadband rollout cds®ns very clearly the first movers advantage.
In situations where the adoption rate is very haghl the areas are large, it is crucial to roll out
broadband before other competitors enters the Hneat the whole area may be lost.

7.3 Experiences and conclusions

The adoption rate forecasts distinguish betweeropgerator who enter a local area as the first
one and operators who enters later. The first apecatches all initial demand, which has been
aggregated through many years, while the otherabgesr have to fight to win parts of the growth
in the following years.

[Stor04b] shows how adoption rate forecasts arel tseoll out ADSL2+/VDSL and presents

ADSL2+/VDSL rollout strategy based on a set of gma#l scenarios. The optimal rollout

strategy is to start the roll out in large exchaageas, followed by proactive rollouts compared
with the other competitors.

[Stor06] documents the profitability of broadbamdlouts in sparsely populated areas based on
long-term adoption rate forecasts and limits fovihg monopoly areas as a function of given
characteristics.

The two papers show that long-term adoption ratecfsts are crucial for the evelopment of
optimal broadband roll out strategies.
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8 FORECASTING NEW BROADBAND REVENUE

The telecommunication spending has increased vgnyfisantly during the last decade, both in
Norway and in Western Europe. The market is willargl has the purchasing power to pay for
enhanced and new telecommunications services. Methased broadband and mobile content
are in the initial phase. Significant additionaeaue may be generated in this area during the
coming years.

The following paper is enclosed as part of theithes
« Stordahl K, B. Craignou, T Smura, J O Paret, | Wgll K R Renjish, T Monath

“Potential new broadband revenue streamBhe 2005 Networking and Electronic
Commerce Research Conferencake Garda, Italy, 6-9 October, 2005 [StorO5a]

8.1 “Potential new broadband revenue streams”[Stor0 53]

[StorO5a] focuses on the household spending aase of new potential telecommunications
revenue. The paper shows that the telecommunicajpmmding per household adjusted for
inflation has increased significantly during thstlgears. See Figure 8.1.

Annual telecommunication spending per household
In 2000-€, adjusted for inflation

900,00

800,00 -
700,00 -
600,00
500,00 - % :

400,00 X/X/*/X —e—France

—a—Finland

300,00 -
Germany

200,00 —a— Norway
100,00 | —*—Spain

—e— UK

0,00

1996 1997 1998 1999 2000 2001 2002 2003

Figure 8.1 Evolution in telecommunication spendingy 2000€ adjusted for inflation, for
selected European countries

Parts of the spending categories may in the longhrusubstituted by new broadband and mobile
services and applications. Relevant spending cagsgdor new revenue streams are: TV,

cinema, theatre, concerts, music, books, newspapevssletters, journals, gambling, education
and learning and gaming. Figure 8.2 shows the &wolin annual spending in Norway. The data

is taken from the Norwegian Bureau of Census [S$B05
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Evolution of annual household spending categories i n
NOK in the Norwegian market

8000 —e— Telecom
senvices
7000
—=—IT equipment
6000
5000 | Purchage of
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4000 - CD, DVD etc
Cultural

3000 - M senvices
2000 1 "/./-—;\‘\./. —*—Gambling

1000 —e— Books,
Newpapers,
0 ‘ ‘ ‘ ‘ ‘ ‘ Magazines
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Figure 8.2 Evolution of annual household spendingiegories in NOK adjusted for inflation,
in the Norwegian market 1998 - 2004.

The household spending on almost all the selecé¢elgories in the Norwegian market have
increased in the period 1998 — 2004. One excepgsothe relatively constant spending on
purchase of films, music, CD, DVD etc. Probablystimay be explained by cheap or free
downloading of films and music from the network.

The evolution of spending on the selected categarneFrance, Finland, Germany, Norway,
Spain and UK in the period 1998 — 2003 is showfStor05a]. The results indicate that the
household spending mainly evolves in the same wagllithe selected countries. Since parts of
the spending categories are potentials for teleconnrations, introduction of new and enhanced
services for both mobile and the fixed network naytinue to rise the telecommunication
spending.

Furthermore, the paper shows how new content viay be classified.

A framework for long-term revenue forecasts basedhe substitutions is described. Important
elements in the long-term revenue forecasts are:

- The proportion of each spending category whichomgiterm may be substituted

- The proportion of each spending category whichlaxated to broadband/mobile

- The inclusion of a Logistic models, forecasting si@stitutions, as a function of time
- The inclusion of a long-term broadband access &steng model

- The inclusion of a long-term mobile technology fmasting model

Finally, the long-term forecasts for additional &band and mobile revenue have to be shared
between the different players (content creatorsterd brokers, service providers, operators, etc).
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8.2 Experiences and conclusions

The number of households and the spending per holagsbas increased significantly over time
and also the spending per household in Westernpgunave increased significantly during the
period 1998-2003. This is explained by increasedclmsing power for households and
significantly additional potential for telecommuatmons.

The analyses show that the telecommunication spgrmir household has increased with about
33% during the period 1998-2002 for the selectedntty sample. The results indicate that
introduction of new and enhanced services for Inotivile and the fixed network may continue
to rise the telecommunication spending.

An important area for new telecommunication sewisethe content services. The analysis show
that households are spending significant amounmnoifey on leasing and buying videos and
music, pay-TV and TV licenses, on cinema, theat@ncerts, gambling, books, journals,

newsletters, newspapers, education and learning),canline gaming. The challenge for the

operators is to capture parts of these spendirrgugh establishment of new and enhanced
telecommunications services and applications.

A general framework for the new revenue streamssisblished. Long-term broadband and
mobile access forecasts are an important parteofrémework.

The papers identify large potentials for new teteownications revenue streams. Even, if a
general framework is described, there are manylwedqroblems and challenges. The paper
should be considered as the very first start addasting models in this area.
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ACRONYMS

ACTS

Advanced Communications Technologies and Servi ces

Adoption rate

Proportion between demand and supply.

ADSL Asymmetric Digital Subscriber Line

ADSL2+ Enhanced Asymmetric Digital Subscriber Line
ARIMA Autoregressive Integrated Moving Average mode |
ARMA Autoregressive Moving Average model

ARPU Average Revenue Per User

ATM Asynchronous Transfer Mode

ASTN Automatic Switched Transport Network

AR Autoregressive model

BJ Box Jenkins methods

Busy hour Travel time

Cable modem

HFC — Hybride Fibre Coax

CAPEX Capital expenditure

CaTVv Cable Television

CDMA Code Division Multiple Access

CELTIC Cooperation for a European sustained Leaders  hip In
Telecommunications

DVB-H Digital Video Broadcasting — Handheld

DSL Digital Subscriber Line

DSLAM Digital Subscriber Line Access Multiplexer

DSM Dynamic Spectrum Management

DTH Direct To the Home satellite system

DTT Digital Terrestrial Television network

DWDM Dense Wavelength Division Multiplexing

DXX Digital Cross Connect

EDGE Enhanced Data for GSM Evolution

EoY End of year

Extended learning curve Horecasting model for produ

ctand component costs.
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model

ETSI European Telecommunication Standards Institute
FTTB Fibre To The Building

FTTC Fibre To The Curb

FTTH Fibre To The Home

FWA Fixed Wireless broadband Access

GPRS General Packet Radio Service

GSM Global System for Mobile communications
HDSL High Bit Rate Digital Subscriber Line
HDTV High Definition Television

HFC Hybrid Fibre Coax

HSCSD High Speed Circuit Switched Data
HSDPA High-Speed Downlink Packet Access

ICT Information and Communication Technology
IFC Installed First Cost

IP VPN IP Virtual Private Network

IRR Internal Rate of Return

ISDN Integrated Service Digital Network

IST Information Society Technologies

IT Information Technology

ITU International Telecommunication Union
LAN Local Area Network

Learning curve model

B

rediction model for product ¢ osts

Learning curve coefficient

P

arameter in the Learnin g curve model

LL Leased Lines
LLU Local Loop Unbundling
LMDS Local Multipoint Distribution System

Monte Carlo simulation

A

procedure for simulating r

MP3 MPEG-1/2 Audio Layer-3
MPE Mean Percentage Error
MPLS Multi Protocol Label Switching
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MVNO Mobile Virtual Network Operator

NMT Nordic Mobile Telephone

NPV Net present value

NxISDN Multiple ISDN lines

OA Operator access

OA&M Operation, Administration and Maintenance

OECD Organisation for Economic Co-operation and Dev  elopment
OLS Ordinary Least Squares

OPEX Operations Expenditure

oSl Open System Interconnection

OTN Optical Transport Network

P2P Peer To Peer

PON Passive Optical Network

POTS Plain Old Telephone Service

PLC Power Line Connection

PSTN Public Service Telephone Network

QoS Quiality of Service

RACE Research in Advanced Communications in Europe.
READSL Reach Extended Asymmetric Digital Subscriber Line
RMSE Root Mean Squared Error

RSS Remote Subscriber Stage

RSU Remote Subscriber Unit

SDH Synchronous Digital Hierarchy

SDSL Symmetric Digital Subscriber Line.

SHDSL Single pair High speed Digital Subscriber Lin e
SIM Subscriber Identity Module

SLA Service Level Agreement

SMAKS SMalbands AKSess (Norwegian) Narrow band acce  ss
SME Small and Medium Enterprises

SMP Significant Market Power

SMS Short Message Service
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Take rate

Proportion between demand and supply.

TVoDSL TV over DSL

UMTS Universal Mobile Telecommunication System
VDSL Very high speed digital subscriber line
VOD Video On Demand

VolP Voice over IP

WAN Wide Area Network

WAP Wireless Application Protocol

WLAN Wireless Local Area Network

Wi-Fi Wireless Fidelity

WiMax/WMAN Wireless Metropolitan Area Network
www World Wide Web

xDSL (Any) Digital Subscriber Line
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Bruk av ekspertundersgkelser til prognoser
for nye teletjenester i privatmarkedet

AV KJELL STORDAHL

1 Bakgrunn

Det a kunne lage prognoser for en ny
teletjeneste er i seg selv problematisk.
Det vil veere lettere a lage prognoser for
en teletjeneste som har veert pa markedet
en periode. Da vil utformingen og funk-
sjonaliteten til tjenesten vere kjent. Kost-
nadene til investering for utbygging av
tjenesten og for drift av tjenesten vil vaere
kjente. Samtidig vil ogsa takstene for
tjenesten veare gitt, og ut fra dette vil
kundene over perioden ha generert
abonnements- og trafikketterspgrsel.

Nar tjenesten er ny og enna ikke intro-
dusert i markedet, vil ingen av de oven-
nevnte data vere tilgjengelige. Dette gjgr
at prognostisering for etterspgrsel etter
tjenesten blir spesielt vanskelig og ogsa
usikker.

Tradisjonelle kvantitative prognose-
metoder kan derfor ikke benyttes. Isteden
ma en benytte andre angrepsmater. Aktu-
elle kvalitative angrepsmater/ prognose-
metoder er:

- Markedsundersgkelser
- Potensialvurderinger
- Ekspertbedgmmelser
- Analogimetoden

- Scenariometoden

- Delphimetoden.

Metodene omtales n&rmere i folgende
kapittel.

Hvorfor er det viktig a utarbeide prog-
noser for tjenester som vi enna ikke har
pa markedet? I en del tilfeller er det ikke
tatt noen beslutning pa innfgring av tjen-
esten. Da vil ekspertvurderinger og mark-
edsundersgkelser vere et viktig underlag
for a kunne ansla det potensielle behovet
for tjenesten. Denne type vurderinger er
helt ngdvendig som en del av et beslut-
ningsgrunnlaget for innfgring av en tjen-
este.

Ser vi spesielt pa privatmarkedet og tjen-
ester som krever stor kapasitet i nettet,
vil en prognose for slike tjenester alle-
rede i dag influere pa hvorledes abonn-
entnettet skal bygges. Mange har i lengre
tid arbeidet med tekniske lgsninger for
FTTH (Fiber To The Home), FTTB
(Fiber To The Building) og FTTC (Fiber
To The Curb). Den fremtidige etterspgr-
sel etter hgykapasitets tjenester bade til
bedriftskunder og privatkunder vil vere
avgjgrende for de nettlgsninger som etter
hvert skal velges for & tilfredsstille etter-
spgrselen.

Gravekostnadene er en vesentlig del av
de totale kostnadene i abonnentnettet.
Det er derfor sveert viktig sa tidlig som
mulig a ha kjennskap til en sannsynlig
utvikling i etterspgrselen etter hgykapasi-
tetstjenester. Sammen med utnyttelse av
ny teknikk — det vil si bruk av optiske
nettkomponenter — vil etterspgrsel gi
grunnlag for nye strukturplaner som na
lages i hvert sentralomrade.

I denne artikkelen ses det pa resultatene
fra en eldre Delphiundersgkelse som ble
gjennomfert av Televerket midt i 70-
arene. Det foretas en vurdering av hvor
gode prognosene var og av hvilke erfar-
inger som en fikk bade fra gjennomfgr-
ingen og fra resultatene fra undersgk-
elsen. Deretter omtales en ny Delphiund-
ersgkelse som na gjennomfgres av Tele-
verket pa det samme markedet — privat-
markedet. I tillegg gis det en oversikt
over ulike kvalitative metoder som kan
brukes til & lage prognoser.

2 Ulike kvalitative metoder
for a utarbeide prognoser

2.1 Markedsundersgkelser

Markedsundersgkelser kan ogsa brukes
som underlag for prognoser. Et eksempel
pa bruk av markedsundersgkelser for &
lage prognoser er & spgrre aktuelle
abonnenter pa den nye tjenesten om hva
de er villig til a betale for tjenesten. Det
kan ogsa stilles et sett med prisspgrsmal
slik at en kan fa estimert en etterspgr-
selskurve som funksjon av prisen. Ut fra
forutsetninger om kostnads- og prisut-
viklingen kan det sa ut fra etterspgr-
selskurven lages en prognose for tjen-
esten.

Markedsundersgkelser kan ogsa brukes
til & kartlegge substitutter for en tjeneste.
Eksempelvis vil mgtevirksomheten i nor-
ske bedrifter vaere et volum som kan
veare et substitutt for bildetelefon og kon-
feransefjernsyn.

2.2 Potensialvurderinger

Et potensial er det samme som metnings-
nivaet for en tjeneste. Det betyr at det
eksempelvis kan vaere det maksimale
antall abonnenter som vil etterspgrre en
tjeneste.

Anslag for et potensial kan gjgres pa
ulike mater. Som nevnt i 2.1 kan et
potensial finnes ved bruk av markeds-
undersgkelser. Ved a kartlegge mgtevirk-
sombhet i bedrifter finnes et potensial for
telemgter fremfor ‘face to face’ mgter.

Anslag for potensialer kan ogsa finnes
ved & ga inn i offisiell statistikk. Totalt
antall norske husstander vil kunne vare
et potensial for en gitt teletjeneste — eller
det kan vaere summen av antall leilig-
heter, bolighus og hytter.

En fremgangsmate for & lage prognoser
ut fra et anslag for potensialet er &
benytte metningsmodeller der potensialet
eller metningsnivaet er en av de funda-
mentale parametrene i modellen.

2.3 Ekspertbedemmelser

Nar det ikke eksisterer data, utviklings-
trender eller annen kvantitativ informa-
sjon som underlag for prognosene, vil
ekspertbedgmmelser vare en aktuell
metode.

En metode som er velkjent er brainstorm-
ing. Det vil si at det innkalles en gruppe
eksperter som sitter sammen og inspir-
eres og influeres av hverandre. Resultat-
ene her kommer frem gjennom en for-
holdsvis ustrukturert prosess.

En annen fremgangsmate er at en prog-
noseansvarlig plukker ut et sett med eks-
perter og at han pa en systematisk mate
fremlegger problemstillingen gjerne med
et sett med gjennomarbeidede spgrre-
skjemaer. Ekspertenes svar vil da vaere
prognosegrunnlaget.

2.4 Analogimetoden

Analogimetoden gar ut pa a anta at
utviklingen for ulike produkter er samm-
enliknbar eller at utviklingen av like pro-
dukter i ulike omrader, eksempelvis ulike
land, kan veare lik, men i forskjellige
tidsintervaller.

Dersom det skal lages prognoser for
utviklingen av en ny teletjeneste, kan det
vere naturlig a se pa hvorledes utvikl-
ingen har vert i et land der denne tjen-
esten allerede har blitt introdusert. Ved a
se pa utviklingen av ISDN i Frankrike
der tjenesten en periode har vart kom-
mersielt tilgjengelig og anta at utvikl-
ingen i Norge vil ha analogt forlgp etter
kommersiell introdusjon, er det mulig &
lage prognoser for ISDN ogsa for Norge.
En ma imidlertid vere varsom med slike
avledninger fordi forholdene i de to land
som sammenliknes kan vare vidt for-
skjellig — bade demografisk, gkonomisk
og med hensyn til utforming og funk-
sjonalitet av tjenesten.

2.5 Scenariometoden

Metoden gar ut pa a lage enkeltprognoser,
men med en fremstilling av flere variable

001.18:621.39
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Diverse

Diverse
enkeltpersoner
16

Televerket
10

Produsenter og
forhandlere

enkeltinstitusjoner 6

_———— Departementer 3

_—~—— Undervisning og
mediaforskning 3

— Forlagsvirksomhet 3
NRK 3

— NTNF og tilknyttede
institusjoner 3

— Postverket 2

Presse og
presseorg 5

Figur 3.1 Deltakernes sammensetning i Delphiundersgkelsen

som gjensidig varierer og som kan
pavirke hverandre. Det er en konstruktiv
metode som kan benyttes til & avdekke og
vurdere nermere arsakssammenhenger og
pavirkninger.

Metoden gar ut pa a ta utgangspunkt i et
spesielt ar — eksempelvis 10 ar frem i tid.
Det skal sa lages en forventet beskrivelse
av situasjonen dette aret. Hvis vi tar
utgangspunkt i Televerket, vil det vaere
naturlig a se pa Televerkets konkurranse-
situasjon dette aret. Her apnes det selv-
sagt for ulike situasjonsbilder, og dette er
en av fordelene med scenariometoden.
Det er mulig a foreta ulike beskrivelser
avhengig av de forutsetninger som legges
til grunn. Deretter gar metoden ut pa a gi
en beskrivelse av utviklingen av de til-
hgrende variable 10 ar fremover i tid.
Beskrivelsen av denne utviklingen for a
komme frem til det gitte fremtidsbilde
blir da scenariometodens prognoser.

2.6 Delphimetoden

Delphimetoden er en raffinering av eks-
pertundersgkelse. Navnet Delphi
kommer fra oldtidens Hellas der oraklet
ble oppsgkt og hvor det gav prognoser
som var mer eller mindre vel funderte.

I Delphimetoden velges det ut et sett med
eksperter. En del av ekspertene skal vere
spesialister innenfor det aktuelle fagom-
radet, men mange eksperter kan ogsa
vere spesialister innen andre omrader.

Delphimetoden gar ut pa & gjgre et
grundig forarbeid fgr undersgkelsen
foretas. Deretter utformes det et spgrre-
skjema til bruk i undersgkelsen. Aktuelle
spgrsmal i en Delphiundersgkelse er for-
ventet introduksjonstidspunkt for en ny
tjeneste, forventet utvikling av tjenesten
og gjerne etterspgrsel etter tjenesten som
funksjon av pris.

Det sendes sa ut spgrreskjema til et sett
med eksperter. Svarene returneres,
hvoretter de behandles pa statistisk form
slik at enhver vil se hvorledes han har
svart i forhold til de gvrige. Disse resul-
tatene sendes sa sammen med spgrre-
skjemaet tilbake til hver enkelt ekspert
som igjen skal svare pa de samme spgrs-
malene. I tillegg skal det ogsa sendes ut
spesielle opplysninger som enkelte av
deltakerne har angitt som begrunnelse for
sine vurderinger. Pa denne maten skal
ekspertene etter hvert nerme seg en
felles oppfatning. Vanligvis vil det vaere
tilstrekkelig & bruke to til tre runder i en
Delphiundersgkelse.

I det videre vil det bli sett mer detaljert
pa Delphiundersgkelser som Televerket
har gjennomfgrt.

3 Erfaringer fra tidligere
Delphiundersgkelse

3.1 Malsetting og bakgrunn
for undersokelsen

Fra august 1975 til september 1976
gjennomfgrte Televerkets Forskningsin-
stitutt i samarbeid med Industrikonsulent
A/S en stgrre Delphiundersgkelse. Resul-
tatene er dokumentert i TF-rapport 19/76
“Behovsstudie for nye teletjenester i
hjemmene” [1].

Malsettingen med undersgkelsen var &
finne grove anslag for den langsiktige
etterspgrsel etter nye teletjenester for pri-
vatmarkedet. Resultatene skulle vare et
underlag for langtidsplanleggingsarbeidet
i Televerket. Med den lange levetiden
som nettkomponentene har og ut fra bade
teknologisk utvikling, gkonomisk utvikl-
ing og samfunnsutviklingen var det
viktig for Televerket a kunne kjenne til

markedsutviklingen for nye teletjenester.
Langsiktige planer for utbygging av
Televerkets infrastruktur var avhengig av
denne type prognoser.

I sluttrapporten fra undersgkelsen heter
det “Ambisjonsnivaet ved de tallmessige
og kvalitativt angitte uttrykk for tjeneste-
behov, har i lys av usikkerheten i pro-
blemstillingen ikke vert s@rlig hgy. En
har veert inneforstatt med at de resultater
som fremkom, neppe ville vaere direkte
egnet for drastiske beslutninger om idrift-
setting. Undersgkelsen ma heller sees pa
som et fgrste skritt i markedsanalysene
og som en laereprosess om hvilke telean-
vendelser som kan muliggjgres i frem-
tiden”.

En méa ogsa vare klar over at undersgk-
elsen ble gjennomfgrt pa en tid da de
fleste tjenestene som ble beskrevet i und-
ersgkelsen ikke var kjent eller definert i
Televerket. Mange av tjenestene i under-
spkelsen ble beskrevet ut fra litteratursgk
og ut fra utenlandske — spesielt amerik-
anske — fagtidsskrifter. Pa den tiden var
det heller ikke noen kjente markedsund-
ersgkelser tilgjengelig internasjonalt for
disse nye tjenestene.

Delphiundersgkelsen ble gjennomfort
blant et sett eksperter — et sett subjektivt
utvalgte personer — for & vurdere en
rekke nye teletjenester som fgrst var for-
ventet innfgrt i det norske telenettet frem
mot arhundreskiftet.

I Norge hadde vi pa den tiden praktisk
talt ingen som arbeidet med markedsana-
lyser. Vi hadde bare de klassiske tjenest-
ene telefon, teleks, datel og telegram og
vi hadde svert lange ventelister pa tele-
fonabonnement. Det var ikke noe behov
for verken markedsfgring eller markeds-
analyser for a fa gkt salget og dermed gkt
inntektene av tjenestene.

3.2 Gjennomfering av
undersgkelsen

Planleggingen av gjennomfgringen av
Delphiundersgkelsen tok tre maneder. En
svert viktig aktivitet i denne perioden
var arbeid med definisjon av de aktuelle
tjenester og med utforming av selve
spgrreskjemaet. Det er ogsa pa dette
punktet Delphiundersgkelsen skiller seg
fra en del andre kvalitative undersgk-
elser. Selve underlaget skal vare godt
gjennomarbeidet og det som det spgrres
om, skal vere godt definert og struktur-
ert. Dette gjgr det enklere for ekspertene
a svare pa spgrsmalene selv om det er
kompliserte problemstillinger.



Sporsmal i Delphiundersgkelsen

Eksempler pa anvendelser:

Tekniske forutsetninger:

Sparsmal Svar Kommentar
S Hvordan ser De pa gnskeligheten av en Sterkt Indifferent Sterkt
x 2 slik tjeneste ut fra en samfunnsmessig ugnsket (likegyldig) onsket
£ helhetsvurdering? | ‘ ‘ ‘ ‘ ‘ ‘ |
Q —_
-3 2 1 0 1 2 3
Ved besvarelse av spgrsmal 2, 3, 4 og 5 ma man forsgke a tenke seg at disponibel inntekt malt i 1976-
kroner er 50 % hgyere enn i dag. Videre ma sparsmalene ses i sammenheng med hverandre.
Hvor mange ganger pr uke tror De en norsk
husstand som har anskaffet nadvendig
utstyr for tjenesten, vil benytte den? ERREEEE
Hvor mange minutter pr gang tror De tje-
nesten gjennomsnittlig vil bli anvendt av minutter pr gang
- dem som har anskaffet nedvendig utstyr?
% Hvor meget vil de som har anskaffet ngd-
= vendig utstyr for tjenesten, akseptere som
= manedlig utgift for det bruksvolum De har kroner pr maned
o angitt ovenfor (malt i 1976-kroner og anskaf-
felsesutgiftene holdt utenfor)?
Hvor stor prosentdel av norske hushold-
ninger vil gnske & anskaffe og bruke ut- % av hushold-
styr for denne tjenesten dersom de ma be- ningen
tale det belgp som De har angitt under
spgrsmal 4?
Ved besvarelse av spgrsmal 6, 7 og 8 ma man forsgke a trekke bade markedssiden og tilbudssiden inn i
vurderingen. De ma derfor basere svarene pa egne forutsetninger om kostnader, teknologi, priser, mark-
edsforhold, utbyggingstakt, politiske beslutninger, etc.
) f"' Né&r omtrent tror De tjenesten vil bli in- ;
£ 3 trodusert for norske husstander? Arstall:
\ Hvor stor andel av de norske husstandene | Prosentvis an- Prosentvis an-
2 @ tror De vil veere tilbudt tienesten henholds- | del etter 5 ar del etter 15 &r
g 'Sy Vvis 5 &rog 15 ar etter introduksjonen?
.g > Hvor stor andel av de husstandene som er | Prosentvis an- Prosentvis an-
A= tilbudt tjenesten, vil ha anskaffet den hen- del etter 5 ar del etter 15 ar
5 holdsvis 5 ar og 15 &r etter introduksjonen?
ST

Figur 3.2 Spgrreskjema i Delphiundersgkelsen
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Innhenting av informasjon fra databank

Tilgang til tekstinformasjon og stillestdende bilde pa TV-skjerm.
Informasjonen kan veere relativt spesialisert, og derfor dekke

individuelle og lokale informasjonsbehov. Databanken oppdat- KANARIGEn &
eres fortlapende, og er tilgjengelig til vilkarlige tidspunkter. “Tele- , TVR-Rerur
avis pa bestilling” er tatt med som egen tjeneste, nr 11. AR e amanna

sentralt i hjemmet

Eksempler pa anvendelser:

- Som tjeneste 5 “Teletekstoverfaring pa TV-skjerm”, men med starre datamengder og starre individuelle valgmuligheter
- Informasjonsinnhenting, eksempelvis forbrukeropplysninger, juridisk informasjon, etc

- Oversikt over alternative reiseruter

- Varekataloger/vareoversikt

- Oversikt over bibliotektilbud

- Kontoforesparsel

Tekniske forutsetninger:

Bestilling av informasjon skjer ved hjelp av et tastatur og en returkanal (eksempelvis telefonlinje) til databank. Informasjonen kan
mottas pa TV-skjerm.

Figur 3.3 Innhenting av informasjon fra databank

Teleundervisning med leerer

Tilgang til undervisningsprogram med levende bilde. Undervis-
ningen foregar lokalt til fastsatte tidspunkter, og er basert pa fore-
lesninger hvor de hjemmevaerende elevene kan gi enkle svar pa
sparsmal, etc. Elevene kan velge fritt mellom et begrenset antall
programmer.

sentralt i hjemmet

Eksempler pa anvendelser:
Kurstilbud innen ulike emner som ikke krever fysisk oppmeate pa et undervisningssted.
Tekniske forutsetninger:

TV-apparat og egen undervisningskanal. Samspill mellom leerer og elev ved hjelp av et tastatur og returkanal (eksempelvis telefon-
linje).

Figur 3.4 Teleundervisning mot lerer
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Deretter ble det arbeidet med a velge ut
personer som skulle delta i Delphiunder-
spkelsen. Totalt ble det sendt ut forespgr-
sel til 123 personer. Det ble lagt vekt pa
at deltakerne skulle vare bredt represent-
ert for a kunne dekke flest mulig bergr-
ingspunkter mellom samfunn og nye tele-
tjenester i hjemmene. Det skulle altsa
ikke vaere noen representativ markeds-
undersgkelse, men en undersgkelse med
deltakelse av en rekke spesialister. Det
deltok 54 personer i begge rundene,
mens 64 personer deltok enten i fgrste
eller andre runde. Sammensetning av del-
takerne er vist i figur 3.1

En Delphiundersgkelse gjennomfgres
vanligvis over to eller tre runder. I denne
undersgkelsen ble det vurdert at to runder
var tilstrekkelig. Til gjengjeld ble deltak-
erne invitert til et avsluttende mgte hvor
sluttresultatene fra runde to ble presentert
og hvor det var mulig & komme med
utfyllende kommentarer.

3.3 Definerte tjenester

De tjenestene som ble definert i Delphi-
undersgkelsen, var:

- Flere TV-kanaler — stgrre programtil-
bud

- TV-program mot sa@rskilt betaling
- TV-program fra programbibliotek
- Videospiller og -opptaker

- Teletekstoverfgring pa TV-skjerm

- Innhenting av informasjon fra data-
bank

- Selvbetjening over telenettet
- Teleundervisning mot lerer
- Teleundervisning mot datamaskin
- Teleavis pa abonnement

- Teleavis pa bestilling

- Telepost

- Bildetelefon

- Tele-hjemmearbeid

- Datarespons og telekontroll
- Nye telefontjenester

- Telealarm

- Fjernkontroll

- Radioprogram pa bestilling
- Stillbilde telefon.

Det registreres at det her er tjenester som
krever bade smal- og bredbandskapasitet.

I Delphiundersgkelsen ble det for hver
tjeneste spurt om:

- Onskelighet for tjenesten

- Hvor ofte og lenge tjenesten ville bli
brukt (bruksfrekvens)

- Pris for bruk av tjenesten
- Etterspgrsel gitt pris
- Introduksjonstidspunkt for tjenesten

- Etterspgrsel hhv 5 og 10 ar etter intro-
duksjon

- Utbyggingsgrad hhv 5 og 10 ar etter
introduksjon.

Figur 3.2 viser hvorledes spgrreskjemaet
var utformet.

Det var et spgrreskjema for hver tjeneste.
Pa spgrreskjemaet ble det ogsa gitt en
illustrasjon av tjenesten. I tillegg ble det
gitt eksempler pa hvorledes tjenesten
kunne anvendes, og endelig ble det gitt
en teknisk beskrivelse av tjenesten.

Figur 3.3 og 3.4 viser hvorledes tjenest-
ene “Innhenting av informasjon fra data-
bank” og “Teleundervisning mot lerer”
er illustrert.

3.4 Onskeligheten av
tjenestene

Figur 3.5 angir hvorledes en i 1976 pa en
skala fra -3 til +3 vurderte samfunns-
messig gnskelighet av de ulike tjenester.
Det ses at vanlig TV og telefon, som var
tatt med som kontrollspgrsmal, 1a hgyest.
Deretter kommer nye telefontjenester,
telealarm og teleundervisning mot lerer
og forst deretter flere TV-kanaler. Alle
tjenestene, unntatt teleavis som 1a pa
rundt O, far en positiv vurdering.

Det ble parallelt i prosjektet foretatt en
markedsundersgkelse blant vanlige hus-
stander. Pa spgrsmal om gnskelighet for
et utvalg av tjenestene, var den vanlige
bruker noe mer tilbakeholden enn eks-
pertene.

Hvorledes gnskeligheten for disse tjen-
estene er i dag, er ikke s lett & svare pa,
men det er grunn til & tro at den ut fra
forholdet mellom tjenestene ikke er sa
forskjellig.

3.5 Bruk av tjenestene

Pa grunnlag av spgrsmal om forventet
bruksfrekvens og brukslengde var det
mulig & beregne gjennomsnittlig tidsfor-
bruk pa enkelte tjenester. Det forutsettes
ikke her at en abonnent abonnerer pa

samtlige tjenester. Resultatet av beregn-
ingen er vist i figur 3.6.

Tidsforbruket som er angitt er relatert til
en husstand. I 1976 var det gjennomsnitt-
lig 2.9 personer i en husstand. Dette tallet
er na betraktelig lavere — noe som ut fra
en 1993 betraktning vil redusere pa det
angitte tidsforbruk.

3.6 Introduksjonstidspunkt
for tjenestene

Et av de mest interessante spgrsmalene i
undersgkelsen var introduksjonstidspunkt
for de ulike tjenester. Resultatene fra
undersgkelsen er angitt i figur 3.7.

I figuren er det oppgitt median og kvar-
tiler. Dette er en vanlig fremstillingsform
i Delphiundersgkelser. Arsaken til at det
vanligvis brukes median og kvartiler
fremfor gjennomsnittsverdi og stand-
ardavvik er at spesielt grove misforsta-
elser og feilvurderinger kan fgre til
kvantifiserte svar som kan pavirke en
gjennomsnittsverdi betraktelig. En
median som er det samme som midtob-
servasjonen, er robust i forhold til slike
outliere. Det samme er kvartilene som er
det samme som 25 prosent- og 75 pro-
sentpersentilen. Det ses av figuren at det
er disse kvartilene som brukes. Det betyr
at 50 % av alle svarene ligger mellom 25
% og 75 % persentilen som i en Delphi-
undersgkelse kan betraktes som et kon-
fidensintervall.

Flere TV-kanaler — stgrre programtilbud
Det har veert en kontinuerlig utvikling pa
dette feltet. Kabelfjernsynsnettene har
med sine store antenner tatt inn et stadig
stgrre programtilbud. Prisen pa
parabolantenner for den enkelte bruker
har gatt ned, noe som forte til en stadig
stgrre etterspgrsel i 80-arene. Pa slutten
av 80-arene ble ogsa de fgrste kringkast-
ingssatellittene skutt opp, hvilket betinger
enda mindre diameter pa parabolantenn-
ene.

TV-program mot scerskilt betaling
Innfgrt i 1985. Kryptering og adgangskon-
troll blir na i stigende grad benyttet.

TV-program fra programbibliotek
Er enna ikke realisert.

Teletekstoverfpring pd TV-skjerm
Denne tjenesten ble kalt tekst-TV og
kom omtrent midt pa 80-tallet.

Innhenting av informasjon fra databank
Denne tjenesten ble kalt teledata. Etter en
lengre prgveperiode ble den kommersiell
et stykke ut pa 80-tallet.

57



58

Selvbetjening over
telenettet

Tjenesten ble defin-
ert ved at en ut fra
stillbildeinformasjon
skal kunne foreta
bestillinger. Vi har
siden starten pa 80-
tallet hatt elektronisk
betalingsformidling.
Dette har imidlertid
ikke vert fra betal-
ingsterminaler i
hjemmet. Slike trans-
aksjoner kan na
gjgres ved postdata.
Her er det ikke
inkludert levende
bilde. I Delphiunder-
sgkelsen antas intro-
duksjonstidspunkt
mellom 1990 og
2000. En mer avans-
ert tjeneste basert pa
sekvenser av levende
bilde er na under
utredning. Den
krever imidlertid et
mer avansert nett enn
det vi har i dag.

Teleundervisning
mot leerer
Tjenesten har vert i
utprgving i lang tid
og ma kunne sies &
vere introdusert.

Teleundervisning
mot datamaskin
Denne tjenesten
krever kun PC og
datatilknytning og
har i lengre tid vert
realiserbar pa data-
nettene. Datex ble
innfgrt i 1980 og
datapak i 1985.
Prisen vil i 1994 ga
kraftig ned ved
introduksjon av
ISDN.

Sp. 1 Hvordan ser De pa enskeligheten av en
slik tjeneste ut fra en samfunnsmessig
helhetsvurdering?

Sterkt Indif-
uonsket

Gjennomsnittsverdier fra
Delphi-runde 2

Sterkt

ferent onsket

) ) i 0 1 2 3

1

Flere TV-kanaler - storre programtilbud

2

TV-program mot seerskllt betaling - massespredning

TV-program fra programbibliotek - pa bestilling

Videospiller og -opptak

Teletekstoverfering pa TV-skjerm

Innhenting av informasjon fra databank

Selvbetjening over telenettet

Teleundervisning med leerer

Teleundervisning mot datamaskin

10

Teleavis pa abonnement

11

Teleavis pa bestilling

12

Telepost

13

Bildetelefon

14

Tele-hjemmearbeid

16

Nye telefontjenester

17

Telealarm

18

Fjernkontroll

19

Radioprogram pa bestilling

20

Stillbildetelefon

Vanlig TV

Vanlig telefon

Teleavis pd abonnement

Forlgpig ikke realisert.

Teleavis pd bestilling (spesialisert stoff
fra flere aviser etter eget gnske)
Forelgpig ikke realisert.

Telepost

for flere tilknytninger pa samme
nummer.

Bildetelefon
Kommersielt tilgjengelig i 1994 ved inn-
foring av ISDN.

Har i prinsippet hatt tjenesten i mange ar.

Na begynner tjenesten & bli attraktiv for
hjemmene fordi faksmaskinene har
sunket i pris og fordi ISDN gir mulighet

Telehjemmearbeid (Fjernarbeid)
Har vert tilgjengelig etter innfgring av
datanettene pa fgrste halvdel av 80-tallet.

Figur 3.5 Onskelighet for teletjenestene

Telealarm
Tilgjengelig fra 1980.

Fjernkontroll

Tjenesten har ikke noe med telenettets
funksjonalitet & gjgre. Ble forholdsvis tid-
lig mulig ved bruk av telenettet.

Radioprogram pd bestilling
Enna ikke realisert.
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Figur 3.6 Tidsforbruk for ulike tjenester

Stillbildetelefon

Dette navnet brukes ikke. Men funk-
sjonen er fullt realiserbar eksempelvis i
ISDN, som har vert i prgvedrift i flere ar
og som kommersielt innfgres i 1994.

Resultatene fra Delphiunderspkelsen ndr
det gjelder introduksjonsdr, md sies d
veere overraskende bra, ndr det tas hen-
syn til at denne undersgkelsen ble utfprt i
1976 med det utgangspunktet en hadde
pd den tiden.

3.7 Utbyggingsgrad og
ettersporsel

Vanligvis vil vi ha en prgveperiode i til-
knytning til innfgring av en ny tjeneste.
Deretter settes den i kommersiell drift. Et
godt eksempel pa dette er ISDN som er
et nett som muliggjgr nye tjenester. Det
har na i lengre tid veert i prgvedrift. Et
utsagn om nar en tjeneste introduseres
kan derfor tolkes pa flere mater.

Pa figur 3.8 til 3.15 er det vist hvorledes
ekspertene for et utvalg av tjenestene i
Delphiundersgkelsen vurderte utviklingen
av etterspgrselen (markedsdekning) og
utbyggingsgraden etter introduksjon av
respektive tjenester.

Flere TV-kanaler — stgrre programtilbud
ble i Delphiundersgkelsen definert som
mulighet til & fa tilgang til utenlandske
sendinger samt et eventuelt norsk TV2.
Det med & ta inn utenlandske sendinger
dekkes na opp av kabelfjernsynsnettene
samt med de som har egne parabolan-
tenner. For gvrig vil vi na om kort tid ha
praktisk talt full dekning for et norsk
TV2. Figur 3.8 gir en god beskrivelse av
denne utviklingen.

Sa langt har vi ikke noe tilbud pa TV-
program fra programbibliotek eller video
on demand, som tjenesten ogsa kalles.
Det finnes imidlertid tekniske lgsninger
ved bruk av IN-noden som muliggjer
tjenesten. I USA er tjenesten pa forsgks-
stadiet. Anslagene i figur 3.9 er derfor
noe optimistiske.

Innhenting av informasjon fra databank
kom relativt tidlig til Norge. Ideen ble
hentet fra Prestel-tjenesten i England.
Tjenesten fikk navnet Teledata og forsgk
ble startet tidlig pa 80-tallet. Tjenesten
var basert pa en kombinasjon av bruk av
telefon og fjernsynsskjerm. Denne tjen-
esten tok imidlertid aldri skikkelig av. Vi
har imidlertid i dag teletorgtjenester som
gir ekspertinformasjon muntlig og vi har

a fa lyd-, data-
og bildefor-
bindelse til en lerer vere mulig. Dette
krever en ISDN grunntilknytning samt et
opplegg med lerer. Figur 3.11 gir en god
beskrivelse av utviklingen. Vi vil
imidlertid raskere komme opp i 100 %
utbyggingsgrad.

Alle er kjent med den svart raske utvikl-
ingen i etterspgrsel etter og bruk av faks i
naringslivet. Det vil etter hvert skje en
parallell utvikling i privatmarkedet som
sa vidt har startet opp. Muligheten til &
bruke faksmaskin hjemme kom tidligere
enn det som er angitt pa figur 3.12, men
start av en signifikant etterspgrsel har det
ikke vert tidligere. Nettet har imidlertid
generelt vaert utbygd slik at vi i lengre tid
har hatt 100 % utbyggingsgrad.

Som nevnt blir ISDN etter en pilotfase pa
noen ar kommersielt tilgjengelig i 1994.
Pa forholdsvis kort tid vil infrastrukturen
bli bygget ut slik at alle som gnsker
ISDN skal kunne fa abonnement. Det
betyr at ogsa bildetelefon blir tilgjenge-
lig. Figur 3.13 treffer rimelig godt pa
denne utviklingen. Utbyggingsgraden vil
raskt ga opp i 100 %, men det er grunn til
a tro at etterspgrselen de fgrste arene for
masseproduksjon av bildetelefon vil vere
noe lavere.
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parat. Figur 3.15 gir en god beskrivelse
av utviklingen. Tjenestene kom med den
fgrste 10C sentralen som ble installert i
1976. Etter en forsiktig startfase har det
vert en jevn utvikling av disse tjenester
ved innfgring av 10C sentraler og
digitale sentraler og ved bruk av CHATS
utstyr.

3.8 Evaluering av resultatene
fra Delphiundersgkelsen

Alt i alt ma det sies at de prognosene som
ble laget, har vaert gode og kanskje
bemerkelsesverdig gode nar det tas hen-
syn til pa hvilket tidspunkt prognosene
ble laget og de forutsetninger og den bak-
grunnsinformasjon som en hadde pa den
tiden. Det var tross alt i en periode hvor
Televerket kun hadde tjenestene telefon,
teleks, datel og telegram og samtidig
ingen markedsaktiviteter. Storparten av
tjenestene ble definert og beskrevet i pro-
sjektet, da denne type informasjon ikke
var kjent i Norge.

Figur 3.7 Introduksjonsdr — median og kvartiler for tjenestene

4 Delphiundersgkelse i
TITAN-prosjektet
4.1 TITAN-prosjektet

TITAN-prosjektet er et RACE-prosjekt
[3]. Malsettingen med prosjektet er &
utviklet et verktgy for & beregne utbygg-
ingskostnader i abonnentnettet basert pa
innfgring og bruk av ny teknologi i form
av optiske nettkomponenter. Som under-
lag er det ngdvendig a ga igjennom og
vurdere ulike nettarkitekturer — bade
navarende basert pa eldre teknologi som
et referansegrunnlag og ny arkitektur ved
bruk av optiske nettkomponenter.
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Figur 3.15 Nye telefontjen-
ester

A: Utbyggingsgrad,

B: Etterspgrsel

I prosjektet bygges det ogsa opp en data-

base med priser og prisutvikling for aktu-
elle nettkomponenter. Ut fra denne data-

basen lages det ogsa prognoser for frem-

tidige priser pa nettkomponentene [2].

For & kunne vurdere ulike arkitekturer og
utbyggingsstrategi og utbyggingsvolum
er det helt ngdvendig & ha kjennskap til
de tjenester og applikasjoner som vil bli
etterspurt og til hvor stor etterspgrselen
vil vere. Med andre ord, det ma lages
prognoser for etterspgrsel etter de ulike
tjenestene. I TITAN-prosjektet har en
kun mandat for & lage prognoser for pri-
vatmarkedet. Dette er for hver enkelt
tjeneste gjort ved bruk av potensialbe-
traktninger og metningsmodeller, og det
er gjort ved bruk av en Delphiundersgk-
else. Det er den siste undersgkelsen som
vil bli omtalt her.

4.2 Delphiundersgkelse

Delphiundersgkelsen gjennomfgres na
ved at det er sendt ut 100 spgrreskjemaer
til 10 eksperter i hver av de 10 deltak-

ende landene i TITAN-prosjektet. I
denne artikkelen trekkes ikke de nye
resultatene frem, men det ses isteden pa
den angrepsmaten som er benyttet, sam-
tidig som det er naturlig & sammelikne de
to Delphiundersgkelsene fra henholdsvis
1976 og 1993.

Spgrreskjemaet i Delphiundersgkelsen
bestar av:

- Generell informasjon om undersgk-
elsen

- Tekniske forutsetninger og opplys-
ninger

- (konomiske forutsetninger og opplys-
ninger

- Oversikt over de ulike tjenestene

- Selve spgrreskjemaene — ett skjema for
hver tjeneste.

De tjenestene som pa sikt er aktuelle for
privatmarkedet og som er definert i pro-
sjektet, er fglgende:

- Teleinteraksjon, underholdning
- Video on demand
- Multimedia telespill
- Bildetelefon
- Telemedisin
- Telekjgp, elektronisk marked
- Vare- og billettbestilling
- Avertering og marketing
- Temakanaler og informasjon

- Interaktivt TV og spesialiserte
kanaler

- Elektronisk avis
- Fjernarbeid og fjernundervisning
- Fjernarbeid — enkelt kontor
- Fjernarbeid — avansert kontor
- Fjernundervisning i hjemmet
- Fjernundervisning i studio

Et meget avgjgrende punkt med hensyn til
kostnader er den kapasiteten som tjenest-
ene vil kreve. Det er delt opp i fglgende
aktuelle hastighetsklasser:

- 64 kbit/s
- 2 Mbit/s (Vidband)
- 8 Mbit/s (Bredband).

Det forventes at ogsa hgykvalitetsfjern-
syn pa sikt ved bruk av optimal koding
skal kunne overfgres pa 8 Mbit/s.
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I TITAN-prosjektet ble det foretatt
beregninger for de investeringer som ma
gjgres ut fra etablering av tilpasset
nettarkitektur og ut fra antakelse om en
gitt fyllingsgrad, om avskrivningstid pa
investeringskostnader, om driftsutgifter
og om et gitt overskudd. Deretter ble det
formulert spgrsmal om betalingsvillighet
basert pa prisintervaller der det ogsa tas
hensyn til prognostisert prisnedgang pa
sikt.

I figur 4.1 er det som eksempel vist hvor-
ledes en tjeneste beskrives i Delphiunder-
sgkelsen. Det er her tatt utgangspunkt i
video on demand. Fgrst er det gitt en
generell beskrivelse av tjenesten.
Deretter informeres det om de tekniske
forutsetningene pa en forholdsvis ukom-
plisert méate. Her skilles det mellom vid-
band og bredband. Stort sett kan de ulike
tjenestene overfgres pa begge hastighets-
klasser. Det vil hovedsakelig vere kvali-
teten som endres.

Deretter gis det en illustrasjon av tjen-
esten og til slutt noen eksempler pa bruk
av tjenesten.

Deretter kommer det en rekke spgrsmal
om hver tjeneste. Disse spgrsmal er for
enkelthets skyld nesten identiske for hver
tjeneste. Spgrsmalene er som fglger:

Video on demand

- Angivelse av grunner for bruk av tjen-
esten

- Karakteristikk av typiske brukere av
tjenesten

- Angivelse av forventet etterspgrsel
som funksjon av prisalternativer

- Angivelse av forventet etterspgrsel
som funksjon av tiden

- Anslag for hvor stor andel av dis-
ponibel inntekt en husholdning er
villig til & betale for tjenesten som
funksjon av husholdningens disponible
inntekt

- Angivelse for alternativer til bruk av
tjenesten.

Det er ogsa skilt pa vidbands- og bred-
bandskvalitet pa tjenestene.

For gvrig er det gitt mulighet for & kunne
gi spesielle kommentarer og argumenta-
sjon i tilknytning til de enkelte spgrsmal.
I figur 4.2 er det gitt et eksempel pa et
utsnitt av spgrsmalene for video on
demand tjenesten.

Til slutt i spgrreskjemaet er det ogsa

laget “samlespgrsmal” som kartlegger
etterspgrsel for den enkelte hastighets-
klasse: 64 kbit/s, 2 Mbit/s og 8 Mbit/s.

4.3 Bruk av resultatene i
TITAN-prosjektet

I Delphiundersgkelsen kartlegges etter-
spgrselen etter de ulike tjenestene som en
funksjon av pris. Samtidig finnes det
ogsa en direkte prognose for tjenestene
for arene 1995, 2000, 2005 og 2010. Et
metningsniva for tjenestene angis ogsa. I
denne sammenheng er prognosespgrs-
malet det mest kompliserte & svare pa.
Det blir derfor lagt mest vekt pa hva eks-
pertene mener de enkelte abonnenter er
villig til & betale for tjenesten

I figur 4.3 og figur 4.4 er det gitt et
eksempel pa hvorledes resultater fra und-
ersgkelsen kan brukes. Dette er forelgp-
ige resultater fra fgrst runde i Delphiund-
ersgkelsen, og de er kun basert pa 10 nor-
ske eksperter og kan i denne sammen-
heng ikke betraktes som signifikante
resultater. De er imidlertid tatt med for &
illustrere metodikken med bruk av denne
type resultater. Tjenesten som er valgt ut
her er video on demand.

Nar det gjelder priser og kostnader, er det
viktig & veere klar over at trafikk-kost-
nader og trafikkvolum ikke er tatt med i
dette prosjektet. Dette passer bra med
hvorledes kostnadene allokeres i det nor-
ske telenettet. Alle kostnader som
relateres til trafikkmaskinen — det vil si

Dette er en tjeneste der et video-bibliotek kan nas ved en hjelp av en teletjeneste, og programmer kan bestilles og

overfares til hjemmet.

V dao .ibrary

Tele-

W
UIWIFUIIIH network

Eksempler pa anvendelser:

communication —

Telep*iorie

Service-
access

Home

Bestilling og mottak av spillefilmer, TV-programmer, musikk-videoer, osv.

Tekniske forutsetninger:

Televisio”

Cabla- Tv
0Jt|e1

Vldpn Decoder

The videc trassmission can either
he doe aver the cahle TV aetw ork,

or tha talarn ninunicatiny natwn k

Brukeren kan enten benytte en avansert telefon eller en PC for & kommunisere med video-biblioteket via en teletjen-
este. PC- eller telefon-tastaturet brukes for & velge videoer fra biblioteket. Overfaringen av videoen kan skje enten
via kabel-TV-nettet eller telekommunikasjonsnettet. Det antas at husholdningen ma abonnere pa enten en vidbands-
eller bredbands-teletjeneste for & kunne bruke denne anvendelsen. Bredbandstjenesten vil gi raskere overfering og
bedre bildekvalitet, men bade brukerutstyret og teletjenesten vil bli dyrere.

Figur 4.1 Beskrivelse av video on demand



2) Of all households that might end up with a home office, what percentage of the user terminals and teleservice do
you believe will be paid by the household, and what percentage will be paid by the employer?

Percentage paid by the household: Percentage paid by the employer:

% Y%

(Note: The two columns must add up to 100 %)

Comments (if any):

3) Given that the annual costs (1993 NOK) are as given in the table. What percentage of the residential market do you
believe will demand a telecommunication service for this application?

(Note: Assume overall prices and income to be constant over time, and that there is a universal knowledge of the application. For explanation of
annual costs, see page 6.)

In the case of wideband teleservices

Annual costs: 5800 NOK 6600 NOK 8200 NOK 9900 NOK 19800 NOK

Answer (percentage): % % % % %

In the case of broadband teleservices

Annual costs: 15000 NOK 20000 NOK 25000 NOK 30000 NOK 60000 NOK

Answer (percentage): % % % % %

Comments (if any):

4) What percentage of the residential market do you believe over time will end up with a telecommunications service
for this application?

(Note: Assume a cost and a cost-trend which will be implicit in your demand predictions.)

In the case of wideband teleservices

Year: 1995 2000 2005 2010 Maximum demand
(Saturation)

Answer (percentage): % % % % %

In the case of broadband teleservices

Year: 1995 2000 2005 2010 Maximum demand
(Saturation)
Answer (percentage): % % % % %o

Comments (if any):

5) Given that the household pays, and given the following set of annual disposable income of the household. How
much of the income do you believe a family will be willing to spend on this application?
(Note: For explanation of annual disposable income, see page 6.)

Disposable income: | 66 000 NOK 100 000 NOK 165 000 NOK 290 000 NOK 410 000 NOK
Answer (NOK): NOK NOK NOK NOK NOK

Comments (if any):

6) What kind of alternatives might exist for this application?
Answer:

Figur 4.2 Spprsmdl knyttet til video on demand tjenesten
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Figur 4.3 Eksempel pd estimert etterspgr-
selskurve for video on demand med vid-
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Figur 4.4 Eksempel pd estimert etterspgr-
selskurve for video on demand med bred-
bdndstilknytning (8 Mbit/s)

1500

Prognoser pa < Prognoser
pris pa nett- for nye
komponenter tienester
A
\4
Bestemmelse Ettersporsel
av nett- ¢ som funksjon
arkitektur av pris
3
\ 4
-
Kostnadsanslag P> Pris for
av nett- tienestene
arkitektur !

Figur 4.5 Prosess for beregning av prognoser,
kostnader og priser for ny infrastruktur i
abonnentnettet

den delen av telenettet som ligger over
abonnentmodulen i endesentralen — skal
refunderes med trafikkinntekter. De
gvrige kostnader — altsa i abonnentnettet
skal refunderes med abonnementsinn-
tekter. Dermed holder det i TITAN-pro-
sjektet & begrense seg til abonnement-
setterspgrsel, abonnementskostnader og
abonnementspriser.

Som tidligere nevnt er det i TITAN-pro-
sjektet bygd opp en database for pris pa
nettkomponenter. Ut fra denne databasen
lages det ogsa prognoser for prisnedgang
pa de ulike nettkomponenter. Ser vi pa
utbyggingsomrader bestaende av private
abonnenter, vil det ut fra en gitt pris for
en tjeneste kunne anslas en gitt etterspgr-
sel.

Videre arbeid er ut fra etterspgrsel etter
ulike tjenester & bestemme en hensikts-
messig nettarkitektur. Dermed kan
investeringskostnader og gvrige kost-
nader beregnes ved bruk av det utviklede
beregningsverktgy. Spgrsmalet er s& om
de kostnader som er beregnet harmonerer
med de priser som opprinnelig er antatt
for tjenestene. Dersom det er betydelig
uoverensstemmelse her, ma en ga inn et
annet sted pa etterspgrselskurven og
gjenta hele prosessen. Samme prosess
benyttes ogsa ved ulike tidsintervaller
etter hvert som prisprognosene avtar. Pa
den maten lages det ogsa prognoser for
etterspgrselen etter tjenestene.

Det lages altsa ikke direkte prognoser,
men det lages indirekte prognoser for de
ulike tjenester basert pa etterspgr-
selskurven fra Delphiundersgkelsen og
prisprognoser sammen med kalkulasjon
om kostnader ved oppbygging og drift av
nettet. Figur 4.5 gir en oppsummering av
dette. Det samme opplegget kan ogsa
brukes i blandede omrader med forret-
ningsabonnenter og private abonnenter
og i omrader med bare forretningsabonn-
enter, men det betinger informasjon om
etterspgrsel i bedriftsmarkedet pa samme
form som for privatmarkedet.

5 Sammenlikning av de to
Delphiundersgkelser

Formen pa de to undersgkelsene er svert
like. Spgrreskjemaene er laget nesten pa
identisk mate. Dette skyldes ikke minst
den positive erfaring en hadde med den
forste Delphiundersgkelsen.

Ellers kan det konstateres at tjeneste-
spekteret i to undersgkelser er overrask-
ende likt. Ses det bort fra telegame og
telecommunity (telemedisin) sa er tjen-

estene fra 1993-undersgkelsen ogsa
definert i Delphiundersgkelsen fra 1976.

Konklusjonen er at i situasjoner der en
ikke har historiske data om etterspgrsel
etter nye teletjenester, vil en Delphiund-
ersgkelse vaere en av de aktuelle kvalita-
tive prognosemetoder.
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Forecasting Long-Term Demand for
Services in the Residential Market

The TITAN tool makes possible the examination of alternative implementation
strategies for advanced services in the access network, relying on component
cost trends and forecasts of demand for services to evaluate the overall
economic viability of new networks for advanced service delivery.
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his article describes the two particular

aspects of work undertaken by the

TITAN project — the development

of an innovative approach to fore-

casting component cost trends over

time, and the results of a Delphi
survey of European telecoms experts that has
beenused to provide residential service demand fore-
casts for input to the TITAN tool.

This article shows how a learning curve model
giving the cost of a component as a function of
production volume can be transferred to a model
predicting the costs asa function of time, by the intro-
duction of a logistic model.

The Delphi survey results, presented in the
second part of this paper, include demand fore-
casts for wideband and broadband bearer services
in the residential market, as a function both of
service price and of disposable income. The lead-
ing applications are forecast, and forecasts of
application demand are presented.

The first section describes a method of devel-
oping forecasts for new services, which takes account
of predicted costs. The method, developed as
part of the TITAN project,! is based on earlier
work by Wright and Crawford [5, 6], extended to
introduce alogisticmodel to forecast the costof net-
work components as a function of time. The work
described in the first section was carried out

! The objectives of the TITAN project are to develop and
use a tool for the techno-economic valuation and compar-
ison of access network technologies and architectures. To
date, the project has focused on developing a user-friendly
and robust tool that integrates engineering inputs with cost
and demand forecast data [1-4]. In the remainder of the
project the emphasis will be on using the tool to generate
comparative studies and introduction scenarios for nar-
rowband, wideband, and broadband networks based on
varioust architectures and technologies. The TITAN pro-
Ject, being undertaken by 12 consortium partners, is fund-
ed by the European Commission as part of the RACE IT
program. The project began in June 1992; although origi-

entirely by Telenor. The second section describes
the survey carried out among European experts
to determine their perceptions of the likely
demand for advanced services in the residential
market.

A Method of Developing
Forecasts for New Services

The TITAN Tool for Cost and Revenue
Calculation

For traditional telecoms services, there are fun-
damental and well understood relationships
among network costs (service capital and installa-
tion, operations and maintenance, and network
investment), service tariffs, and demand. These rela-
tionships can also be affected by factors such ascom-
petition, market strength, return on investment
requirements, and market strategies. A substan-
tial body of information on traditional services
has been built up, which can be drawn upon for
forecasting purposes. Such information includes the
development of demand over time, demand by
market segment, demand by demographic area,
price elasticities, tariffs, market connectivity,
investment costs, and operations and mainte-
Nance costs.

In contrast, only limited information is avail-
able concerning wideband and broadband ser-
vices. In order to make reasonable techno-economic
forecasts for these services, it is necessary to
make assumptions about network architectures
and predict the costs associated with service
delivery. The structure of a network depends on
the nature of the services offered and their
requirements including: bandwidth, symmetry
of communication, and expected levels of demand.

The TITAN tool implements a methodology
for the techno-economic analysis of access net-
works for residential customers. Inputs to the
tool include geographical characteristics such as
subscriber density, operations and maintenance
costs, investment costs, and demand (which is

EDDIE MURPHY is a nally scheduled for completion in May 1994, it has now used to calculate network revenues and to dimen-
consultant with Analysys. been extended until the end of 1995. sion the network).
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Investment costs depend on the demand fore-
casts for new services and on assumptions about
architectures and strategies for the introduction
of new access network technologies. The TITAN
toolincorporates a database of costs for components,
civil works, operations and maintenance. Learn-
ing curve models (see the following section on
learning curves) are used to estimate cost trends
for these elements.

The TITAN tool calculates discounted cash-
flows, and can be used to compare the economic
viability of different network architectures and
introduction strategies.

Forecasts of Cost Development

Learning Curves: Cost Versus Volume —
Learning curve models were developed by Wright
[5] and Crawford [6]; an historical review of the
methodology is given in [7]. The models are used
to estimate the reduction in production cost per
unit when there is an increase in production vol-
ume. A number of factors influence the industrial
production process, particularly: the introduction
of new methods, the introduction of new tech-
nology, redesign of the equipment, standardiza-
tion of the production process, automation,
improvement of management, and organizational
changes.

The Wright classic learning curve model is
given by:

P = PpP (1

where
P = cost per unit produced
Py = cost of producing the first unit
n = total number of units produced
B = parameter in the model (normally
negative)

Equation 1 shows that unit costs decrease as
an inverse function of the number of units pro-
duced. The size of the parameter  varies accord-
ing to the type of equipment, and is estimated by
using ordinary least squares (OLS) regression.
Generally, the learning curve rate K is used. The
learning curve rate gives the reduction in unit
cost when the production volume is doubled. The
relation between K and B is given by:

p=2 @
In2

A weakness with Wright’s model is that the
learning curve passes through the first observed
point — the production cost of the first unit pro-
duced. An alternative approach is to introduce a
new parameter o into the model. The extended
model is given by:

P =anb 3)

Here o and P are estimated by OLS regres-
sion. The extended model is more flexible than
Wright’s model and will better fit the observed
data. )

Model for Forecasting Component Production
Costs as a Function of Time — We have
described a model for predicting component
production costs as a function of production vol-
ume. The requirement of the TITAN tool, how-
ever, is to predict production costs as a function
of time.

One possibility is to forecast production
costs directly by using a time series that is repre-
sented by the production cost for the last period
(usually one year). Different types of forecasting
models can be used, depending on the data
available, including: simple or multiple regres-
sion models, smoothing models like Holt or
Holt-Winters models, ARIMA models, transfer
models, Kalman filter models, and growth curve
models.

However, these models can only be used where
sufficient historical data is available. TITAN has
therefore developed an alternative method which
is based on a combination of the extended learn-
ing curve model and a growth curve model, and
can be used when only a few observations are
available. The combination of these models is
used to determine the cost trends contained in
the TITAN database.

Suppose we have made a forecast of the num-
ber of units produced by time T, which is denoted
n(T), where T = 1, 2, ..., 5. By putting the fore-
cast into the extended Wright’s model Eq. 3 we
get:

Pr=on(T)P “

When new network components are intro-
duced on the market, only limited information is
available about the expected production volume.
The approach chosen by TITAN was tofind agrowth
curve model to fit the growth in production. The
logistic model is a justifiable choice in this situa-
tion, and is given by:

n(T) = L (S)
(1 + ea +bT ) g
where
T = time
n(T) = forecast number of units produced by
time T

M, a, b, and g are parameters in the model.

The parameter M represents the saturation
level, while the parameters b and g represent the
growth. If there is a time series of the production
volume, then the parameters can be estimated
either by using a non-linear estimation proce-
dure or by using a two-step iteration procedure
(see chapter 4 in [8]). However, when the number
of observations is limited, it is necessary to reduce
the number of parameters and so we setg = 1.
Preliminary estimates of the saturation level M
are then made. The saturation level for different
network components will be a function of the
number of customers. The introduction time is
determined by a combination of parameter a and
the time T. If no observations are available, both
@ and b must be estimated from past experience.

The forecast of network component cost at
time T, P, is found by putting Eq. 5 into Eq. 4 to
give:

_ M
Pr= a[*—-—(“e“br)g ]ﬂ (6)

When the number of observations is limited, o
can be substituted by Py, the cost of producing
the firstunit. Initial estimates of f can be found using
Eq. 2 and the learning curve rate K for similar
network components.
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M Figure 1. Calculation of forecasts, costs, and prices.

fractile actile | 75% fractile

i

o

W Table 1. Percentage of the residential market having a wideband subscription

for a range of annual prices.

‘When the network components have been in pro-
duction for some time, both the parameter in the
growth curve model (Eq. 5) and the parameters
in the extended Wright's learning curve model
can be estimated by ordinary least squares regres-
sion or other statistical procedures. Hence Equation
6.canbe used to forecast the component costs at time
T, without the need for preliminary estimates.

Relationship between Demand, Production

Costs and Architecture — Figure 1 shows a

simplified structure of the methodology used by

the TITAN project, involving the following steps:

* Development of forecasts for each service — each
forecast is related to a given network area.

* Development of forecasts for the costs of vari-
ous network components.

* Design of a network architecture, on the basis
of the applications required.

* Calculation of a cost budget for building the
network, based on the TITAN tool — in addi-
tion to the investment costs, costs for opera-
tions and maintenance are taken into account.

* Calculation of appropriate tariffs for using vari-
ous applications.

The calculated tariffs are incorporated in the
forecasting process and all the steps in the calcu-
lations are repeated. Using this method, a num-
ber of different introduction strategies can be
evaluated, based on calculated costs and the cost
budget. This methodology can also be used to exam-
ine the consequences of introducing new serviceson
a variety of network structures with varying levels
of demand.

The Delphi Survey

A Delphisurveyis amethod by which the opinions
of expertsare canvassed, in order to achieve con-
sensus on a particular issue. The methodology
involves asking aset of questions, analyzing the results,
and resubmitting the questions to the experts, togeth-
erwith asummary of first-round results. The experts
then resubmit their opinions, which may have changed
following consideration of results from the previous
round. This procedure can be repeated a number
of times, and usually leads to a reduction in the
variance of the answers received.

Between the middle of 1993 and the middle of
1994 the TITAN project carried out a compre-
hensive two-round Delphi survey among experts
in ten European countries.

The Nature of the Questionnaire

The applications covered by the questionnaire
were video on demand, multimedia telegames,
videotelephony, telecommunity (telemedicine),
teleshopping, advertising and marketing, interactive
TV, electronic newspapers, home office (simple
and advanced), and remote education (home and
studio).

For each application detailed questions were
asked concerning likely demand (in terms of pen-
etration of households) for services which deliver
that application. The questions covered the
expected level of demand:

* Over a range of different prices.

* At different times in the future (1995, 2000,
2005, and 2010).

* Forvariouslevels of household disposable income.

In addition, qualitative information was sought
regarding typical users of each application.

Questions of a similar nature were asked con-
cerning three bearer services: basic-rate ISDN
(up to 144 kb/s), wideband (up to 2 Mb/s), and
broadband (up to 8 Mby/s).

Respondents were also asked to indicate the
number of applications a customer would subscribe
to over each bearer service, and which three
applications are likely to be the most popular. In
all, 398 questions were asked in the first round of
the survey. This was reduced to 365 for the sec-
ond round as some of the qualitative questions
were not resubmitted to the experts.

Execution of the Survey

The Delphi survey was carried out by TITAN
partners across Europe. It was decided to ask ten
experts in each of ten countries to complete the ques-
tionnaire. The countries chosen were Belgium,
Finland, France, Germany, Greece, Italy, the
Netherlands, Norway, Portugal, and the United King-
dom. Where possible, five of the ten experts
approached in each country were from the domi-
nant telecommunicationsoperator (TO). The other
five were chosen from companies within the IT
industry, universities, and other companies and insti-
tutions concerned with consumer demand.

It proved more difficult than anticipated to
persuade the experts tocomplete the questionnaire.
Byearly December 1993, 58 questionnaires had been
returned, and in order to keep to the agreed
schedule it wasdecided tobegin analysis of the replies.

Second-round questionnaires were sent out to
the same experts in February 1994, incorporating
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details of the results obtained trom the first round.
By the end of May 1994, 50 second-round ques-
tionnaires had been returned, and it was decided
to proceed with the analysis of the second-round
results,

Results from the Survey

General — The survey was designed only to
examine subscription demand, not traffic demand.
The reason for this is that a network operator
usually allocates all access network costs for
operations. maintenance and investment to sub-
scription tariffs. The results shown in thissectionare
taken from the second round of the survey.

Wideband Services — The term wideband is
uscd by the TITAN project to refer to bit rates from
64kb/s up to and including 2Mb/s. This type of
access provides medium quality for some services,
acceptable picture quality on video services, and
a good response time for the transfer of still
images and large volumes of text information.

Experts in the Delphi survey were asked what
percentage of the residential market they believed
would ask for a wideband connection, assuming a
given set of annual prices. The results are pre-
sented in Table | as distribution fractiles for a
range of different prices.

The figures based on the median or the 50
percent fractile represent the most likely demand.
These median values can be used to construct a
demand/price curve which is an extremely uscful
input when developing subscription forecasts.

The interval between the 25 and 75 percent
fractiles is often used in Delphi surveys as an
indication of confidence limits. 50 percent of the
experts” answers fell within the fractiles in the
table. We can regard data between the 25 percent
and 75 percent fractiles as within the bounds of
probability for the service.

Table Iillustrates the variance in the results from
the second round of the survey. In the first round
of the survey the differences between the 75 per-
cent fractile and 25 percent fractile for the differ-
ent annual costs were: 25, 18, 14.5, 9, and 4
percent, respectively. After the second round the
corresponding differences (from Table 1) were:
7.7.3.3.and | percent.” Thus, the second round
resulted in a significant convergence in the experts’
opinions,

Another question in the survey was what pro-
portion of its disposable income a houschold will
be willing to spend on a 2 Mb/s connection. The
results are shown in Fig. 2, as median values for
different levels of disposable income.

The survey results show that for a given dis-
posable (houschold) income, the experts believe
that tamilies in southern Europe will be willing to
spend more onvariousservices, including wideband
and broadband access, than houscholds in other
parts of Europe. One reason for this may be the
relative purchasing power in different countries
for the same nominal income.

Broadband Services — For the purposes of the
Delphi survey. broadband was defined o be an 8
Mb/s connection. This type of access offers good
quality for multimedia services. very good picture
quality on video serviees, and very good response
time for the transter of stillimages and large volumes

B Figure 2. Income spent on wideband connections as a function of annual dis-

nowahle income

B Figure 3. Residential market penetration of broadband connections as a func-

tion of subscription tartff.

B Table 2. Ranking of services on wideband con-
nections.

of text.

Experts in the Delphi survey were asked what
percentage of the residential market they believed
would demand a broadband connection for a
givensetofannual prices. Figure 3 shows the results.

Acomparisonof the resultsshown in Table | and
Fig. 3 illustrates that, for similar prices, demand
is not cxpected to vary greatly between a wide-
band and a broadband connection. This indi-
cates that, in the opinion of the experts consulted,
households are unlikely to perceive a benefit in
having a broadband connection rather than a
wideband connection,

Leading Applications/Services — It is proba-
ble that most houscholds that decide to subscribe

2 The standard deviations
of the answers from the
experts in the two rounds
were reduced in the same
way by a factor of between
3and 7. Similar trends
were observed for the
other questions in the
sunvey.
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Annual tariff
ECU 400 | ECU 600 | ECU 700 ‘ ECU 900

~ Video on der d i b a0 e S 4
Videotelephony el 7

Home office, simple e m i e 75
Multimedia teleshopping 12 8 5

- Home office, advanced L 7 5

Electronic newspaper - 6 4 |
Interactive TV/special channels | 10 5 4 2
Telecommunity ; 2 5 4 .
Multimedia telegames 10 5 3 a
Remote education, home - < 3 1
‘Remote education, studio 3 2 1+ i 05

B Table 3. Demand for various services on wideband connections (as a per-
centage of the residential market), based on medians from the Delphi survey.

Saturation

Videotelephoney w20 s,

Video on demand 10 20 25 30
Multimedia teleshopping s 10 20 B R I8
Home office, simple 5 10 16 25
Muttimedia telegames 5 10 1601 =S
Interactive TV/specialized channels | 5 | 10 15 20
Electronic newspapers 5 8 22 w0
Home office, advanced 5 8 10 19
Telecommunity/telemedicine 3 s R L
Remote education, home Z 5 8 10
Remote education, studio 1 3 5 Sl

W Table 4. The forecast demand and saturation for each wideband service as a
perceniage of the residential market.

to advanced services will take more than one service.
This will spread the cost of the wideband or
broadband connection across a number of ser-
vices, making each individual service more economic.

Experts consulted in the Delphi survey were
asked about the average number of services they
anticipate will be taken up by each household
with a wideband or broadband connection. They
forecast an average of 3.2 services for each house-
hold with a wideband connection, and 3.8 services
for each household with a broadband connection.
The experts indicated that the average number of
service subscriptions will increase in line with the
capacity of the connection.

The survey results also indicate that countries
in southern Europe are likely to subscribe to
fewer services per household than other Euro-
pean countries.

Experts in the survey were also asked to indi-
cate which three applications they expect will
have the greatest number of subscribers. Table 2
ranks services according to the number of times they
were each selected by the experts.

For each service, the experts were asked to
estimate the demand for a range of annual prices.
A demand curve was constructed for each service
based on medians from the survey. Table 3 shows
the demand for each service delivered over 2
Mb/s connections, for a given range of prices.

Table 3 also indicates that the experts forecast
high demand forvideo on demand, videotelephony,
and home office, which corresponds with the
ranking of the services in Table 2. One item wor-
thy of note in Table 3 is that the home office ser-
vice is expected to be less price-sensitive than
other services. This is probably due to the fact
that this service is seen as being paid for by
employers who normally use a completely differ-
ent set of criteria when deciding whether or not
to purchase.

Forecasts of Demand for the Services — The
experts were asked to predict penetration for the
years 2000, 2005, and 2010 and to give an esti-
mate of the level of saturation demand for the
services. Table 4 presents the median values of
the predictions for those years, together with the
saturation levels.

Video on demand Male |Al |l Entertainment
Telegames Male | Young|All Entertainment
Videotelephony Both | All High and medium |Communication
Telecommunity Both Oid (Al ' Communication

Advertising and marketing | Female | All | High and medium |Information

Interactive TV/specialized |Male |All Al
channels :

Entertainment and education

Electronic mspapets Male |All High

Home office Both All High and medium |For work

Remote education Both |{All |Highand medium |For study and entertainment

W Table 5. Characteristics of typical users.
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Qualitative Information — In addition to the
quantitative results described above, we asked
the experts for qualitative information about
future services, including the characteristics of
typical customers for each service. Table 5 sum-
marizes the information gathered from this part
of the survey.

Conclusions

This article describes aspects of the TITAN
toolwhich enable the examination of alternative
implementation strategies for advanced services
in the access network. The tool makes use of
component cost trends in an innovative way, and
relies on forecasts of demand for services in
order to evaluate the overall economic viability of
new networks for advanced service delivery.

The learning curve model giving the cost of a
component as a function of production volume
can be transferred to a model predicting the costs
as a function of time, by the introduction of a
logistic model.

Where an acceptable level of quality is provid-
ed by wideband bearer services, the Delphi sur-
vey indicates that customers will be unwilling to
pay more for broadband bearer services. A low fore-
casts was made for broadband connections in the
year 2010 (5 percent of the residential market).

TITAN's Delphisurvey suggests that the services
with the most potential are video on demand,
videotelephony and the simple home office.
Widespread take-up of video on demand is expect-
ed to occur. Demand for the simple home office
is expected to be less dependent on price than
other residential services, as employers use differ-
ent criteria from private individuals when deciding
whether to purchase a service. Experts consulted for
the TITAN project believe that each household with
awideband or a broadband connection will have
between three and four service subscriptions.
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Long term forecasts for broadband demand

KJELL STORDAHL AND LARS RAND

1 Introduction

What are the market drivers for future
broadband demand? This paper shows
that the long term demand for broadband
services depends on a set of different
market drivers. Some of the market
drivers like application evolution, devel-
opment of new technology and network
architectures, terminal equipment tech-
nology, mass production of network
components and tariff evolution are
presented.

The long term demand for broadband
services is estimated based on an interna-
tional Delphi survey. The experts partici-
pating in the Delphi survey used infor-
mation about market drivers as a basis
for their evaluation of the evolution of a
future broadband market. A comparison
is done between the expectations the ex-
perts had about the market developments
in 1994 and 1997. The results from the
Delphi survey are used to model analyti-
cal forecasting functions for broadband
demand. The aggregated forecasts for
specific broadband capacities are split
into asymmetric and symmetric broad-
band forecasts.

1.1 Technology development
and new network architec-
tures

In the transport network deployment
strategies for substitution of PDH trans-
mission equipment with SDH transmis-
sion equipment are now being carried
out. In parallel the fibre capacity is ex-
panded by the introduction of wavelength
division multiplexing (WDM). Over the
last years the development of new tech-
nology has dramatically reduced costs

by significant expansion of the system
capacity. During a 20 year period the
transmission cost per capacity unit has
been reduced from 10,000 to 1. However,
the technical problem of high capacity
switching is not yet solved. One possibil-
ity is to use ATM, another possibility is
to use IP, and a third one is to implement
ATM over the IP platform.

In the access network a wide range of
fibre architectures are relevant, of which
deployment depends on factors such as
the subscriber area:

* Hybrid fibre coax (HFC);
¢ Fibre to the cabinet (FTTCab);
¢ Fibre to the node (FTTN);
¢ Fibre to the curb (FTTC);

e Fibre to the building (FTTB);
¢ Fibre to the home (FTTH).

In addition new multiplexing techniques,
access protocols for point-to-multipoint
configurations and modulation tech-
niques are developed. Also the digital
subscriber line (DSL) technologies, like
ADSL (asymmetric digital subscriber
line), HDSL (high bit rate subscriber
line), VDSL (very high speed digital
subscriber line) and SDSL (symmetric
digital subscriber line) are of great
importance for utilising twisted pairs [1,
2]. The technologies may substitute each
other or may be deployed as supplements
in different parts of the network.

Introduction of passive optical network
components as TPON and ATM PON
and the use of ATM- and SDH technol-
ogy will increase the transmission capac-
ity and reduce the costs. Wireless broad-
band access is a technology currently
under development. The access radio
technology is expected to evolve from
carrying narrowband services to transport
of services up to 2 Mbit/s capacity
through local multipoint distribution
service (LMDS) and multipoint multi-
channel distribution (MMDS) [3-5].
Another relevant architecture in the
future is the universal mobile telephone
system, UMTS.

Other alternatives are satellite communi-
cation combined with a wireline return
channel. The cable operators will up-
grade their networks with return channels
offering both POTS/ISDN, Internet and
broadband services together with CATV.
The most relevant architecture is a com-
bination of passive optical network and a
coax droop called hybrid fibre coax sys-
tem, HFC. The access technologies men-
tioned may substitute each other or may
be deployed as supplements in different
parts of the network.

1.2 Terminal equipment
technology

The terminal equipment is evolving
rapidly into several future options includ-
ing specific electronic interfaces/termi-
nals which may be used together with a
TV, like a network computer. Another
possibility is the use of a PC. There are
several drivers connected to the termi-
nals. During the last 20 years, from the
8080 to the Pentium processor, the num-
ber of transistors per chip has doubled
every 18 months (Moore’s law), while

the speed in million instructions per sec-
ond (MIPS) has increased proportionally
[6]. In 1983 the cost per Mbyte was USD
300, while in 1995 the cost was reduced
to 15 cents. Future exponential develop-
ment of the storage capacity will enable
software decompression of MPEG-2 video
streams and direct computer storage.

1.3 Market drivers

The new technologies, the mass produc-
tion of network components and low
transmission costs are continuously cre-
ating new applications. At the same time
an extraordinary expansion of the Inter-
net has occurred. It seems that it is not a
killer application for the broadband mar-
ket, but that Internet is a ‘killer network’.
From 1998 wideband services were
offered on the Internet, and broadband
services are also expected to emerge
soon. At the same time some CATV
companies are installing cable modems
and are offering broadband services on
their networks. Some of the main drivers
for the development of the broadband
market are: new technology, new appli-
cations, increased computing power and
storage, mass production, price reduc-
tions, the Internet revolution and the
competition [7].

2 Prediction of network
component cost trends

Within the European programs RACE
and ACTS the projects RACE 2087/
TITAN, AC 226/OPTIMUM and AC
364/TERA have developed a methodol-
ogy and tool for calculation of the overall
financial budget of any access architec-
ture. The tool handles the discount cost
system, operations, maintenance, life
cycle costs and the cash balance. This
enables a comparison of various optical
or hybrid architectures through a global
system assessment. The tool has the abil-
ity to combine low level, detailed net-
work parameters of significant strategic
relevance with high level, overall strate-
gic parameters for performing evaluation
of various network architectures [1, 8-11].

The TITAN project developed a method-
ology based on an expansion of the
Wright and Crawford’s learning curve
models to predict future cost of the net-
work components [12—14]. In the OPTI-
MUM project, Wright and Crawford’s
learning curve models for cost predic-
tions were examined. The models for
cost predictions were extended not only
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to estimate the costs as a function of
number of produced units, but also as a
function of time. The cost prediction of
each network component is described by
expansion of the learning curve given as
a function of the parameters:

J(0) the predicted costs at time O;

n(0) the relative proportion of pro-
duced components at time 0;

At the time interval between 10 %
and 90 % penetration;

K  the learning curve coefficient
(relative decrease in the cost by
the double production).

The extended learning curve function is:

S = fi0), n(0), At, K, 1)
= f0)[n(0)! (1 + exp[In(1/n(0)
— 1) — 2¢ In9/Ar])-1]log,K

The parameters in the learning curve:
f(0), n(0), At and K are given in the
OPTIMUM cost database, which con-
tains more than 200 different network
components. The components are
grouped in volume classes. The values
used for the various volume classes are
shown in Table 1. In the same way the K
parameter is estimated based on type of
component. The K value indicates how
much the component price is reduced
by a doubling of the production.

In the cost database all components are
listed with a given n(0), Ar and K value
in addition to the estimated cost f{0) at
time 0. Then the extended learning curve
is uniquely defined and the prediction of
the costs is determined.

Table 2 shows that new components
based on electronics or advanced optics
experience a significant price reduction.
When the production is doubled, the
price is reduced by 20 % and 30 %
respectively. An additional doubling of
the production will reduce the cost by 36
% and 51 % respectively.

3 The Delphi survey

A Delphi survey is a method by which
the opinions of experts are canvassed, in
order to achieve consensus on a particu-
lar issue. The methodology involves
asking a set of questions, analysing the
results and resubmitting the questions to
the experts, together with a summary of
the first round results. The experts then
resubmit their opinions, which may have
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changed following a consideration of
results from the previous round. The
procedure can be repeated a number of
times and usually leads to a reduction in
the variance of the answers received.
Medians are used as a measure in the
Delphi survey because they are more
robust estimators than the mean value
and standard deviations, and also less
affected by extreme answers.

In 1994 the TITAN project carried out
an international postal Delphi survey

on broadband service demands among
experts in ten European countries
[14-15]. An additional comprehensive
two-round, on-site Delphi survey was
carried out during the OPTIMUM work-
shop “Techno-economics of Multimedia
Networks” in Aveiro, Portugal in Octo-
ber 1997. The following countries were
represented in the survey: Belgium, The
Czech Republic, Denmark, Finland,
France, Switzerland, Germany, Greece,
Holland, Hungary, Ireland, Italy, Nor-
way, Portugal, Spain and Sweden. The
number of participants were 36 in the
first round and 32 in the second round.

3.1 Broadband applications

The Internet development and the new
technology continuously create new
applications. To be able to evaluate the
different broadband applications, they are
divided into groups. The questions in the
survey do not address single applications,
but the main group of applications. The
main groups of applications in the study
are:

1 Tele-entertainment
(Symmetric and asymmetric)

¢ Multimedia telegame
¢ Virtual reality
¢ Video on demand
¢ Audio/music on demand;

2 Information services (Asymmetric)
e Information retrieval
 Electronic magazines

* Information retrieval by intelligent
agents

* Electronic newspaper;

3 Teleshopping (Asymmetric)
* Teleshopping
¢ Advertising;

4 Private communications services

(Symmetric)

* Videophone

¢ Teleconferencing

5 Teleworking

(Symmetric and asymmetric)

¢ Videophone

¢ Joint editing/publishing
¢ Teleconferencing
¢ Teleparticipation

¢ Information retrieval

e Multimedia applications;

6 Telelearning

(Symmetric and asymmetric)

¢ Video on demand

¢ Videophone

¢ Virtual reality;

Table 1 Variation in n(0) and t for each volume class

Volume class n(0) At
1 0.5 5
2 0.1 5
3 0.01 5
4 0.5 10
5 0.1 10
6 0.01 10
7 0.001 50
Table 2 The K values for component groups
Component group K value
Civil work 1
Copper 1
Installation 1
Sites and enterprises 0.95
Fibre 0.9
Electronics 0.8
Advanced optical components 0.7
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Example of application: Video on demand and Audio/Music on demand

General description:

This is an application where a video library is accessed, and programs may be ordered and transmitted to the home. This appli-
cation could substitute some part of the time spent on ordinary TV and part of the money spent on hiring videos in video shops.

Technical assumptions:

The user may use either an advanced telephone or a PC to communicate with the video library. The transmission of the video may
be done either via a Cable-TV network or a telecommunication network. The access capacity will be in the range of 2— 4 Mbit/s.

Video library

-
<z

Tele-

communication

network

Telephone

. g
Service-

access

Home

Television

Cable-TV
outlet

Video Decoder

The video-transmission can either
be done over the cable-TV network,
or the telecommunication network.

Given the following alternative prices per hour (1997 ECU), what do you believe will be the expected use of this group of

applications (Tele-entertainment)?

Note: We assume that the tele-entertainment applications are supplementary to the traditional TV channels, but there may be some

substitution effects.

Prices per hour: 0.5 ECU

Minutes per day: 70

Round 1

2 ECU 5 ECU
40 12

Having seen the above results, what would your answers be to the corresponding question today?

Prices per hour: 0.5 ECU

Minutes per day:

4 Comments (if any):

Round 2

2 ECU 5 ECU

10 ECU 20 ECU
5 1
10 ECU 20 ECU

Figure 1 An example from the Delphi survey questionnaire

7 Telecommunity
(Symmetric and asymmetric)

e Telesurveillance
¢ Videophone

* Telediagnostics.

3.2 Access capacity

The technology and network components
are rather expensive today, but mass pro-
duction may exponentially reduce pro-
duction costs and consequently the
prices. The following access capacities
were examined in the Delphi survey:

e 2 — 4 Mbit/s asymmetric access includ-
ing a 384 kbit/s symmetric upstream
capacity;

* 25 Mbit/s asymmetric access including
a 384 kbit/s symmetric upstream
capacity;
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* 25 Mbit/s asymmetric access including
a 6 Mbit/s symmetric upstream capa-
city.

Several factors contribute to an applica-
tion’s requirements in terms of band-
width over the network. In most cases,
high capacity is needed for large volumes
of information.

First of all, the type of medium (speech,
text, graphics, video, or several media
simultaneously — multimedia), may indi-
cate the possibility for large volumes of
information. The types of applications
demanding high bandwidth transmission
are fast transfer of video, high quality
images/graphics, large data files, or a
simultaneous combination of these in
multimedia applications.

High quality videophone, telecommunity
and telemedicine are applications bene-
fiting from a high symmetric upstream
capacity. For example, interactive video
applications transferring moving pictures
like videotelephony or videoconferences,
require a minimum image frequency
depending on the speed of change in the
pictures transferred. This increases the
bit rate requirement, and so does the
image resolution and colour richness.

3.3 The Delphi questionnaire

The questionnaire starts with a short
description of the application, followed
by some questions relating to it. The
main questions in the survey are:

» Usage as a function of charge;
e Penetration as a function of charge;

¢ Penetration as a function of time
(forecast);

* Demand as a function of disposable
household income.

An illustration of the design of the ques-
tions in the questionnaire which includes
a description and an illustrative figure is
given in Figure 1.

As shown in Figure 1, in the second
round of the survey the participants were
presented the medians from the same
questions in the first round of the survey.
The participants took this into considera-
tion when answering the second round
questions.

In order to use the presented applications,
an access in the range of 128 kbit/s —

25 Mbit/s is needed. The users will have
to pay more for enhanced performance
and quality generated by higher band-
width. All the equipment and network
components will gradually become less

Table 3 Leading Group of Applications, percentage score

expensive, depending on factors like new
technology, sales volume, competition,
etc. Broadband communications costs
can be divided into four elements:

* Costs for necessary terminal equip-
ment;

 Subscription charges;
 Traffic charges;

* Charges for delivered information (eg.
charge for hiring/ordering a video).

In the Delphi survey we were interested
in how much the customers are willing
to pay for the traffic and the subscription
(connection) charges. It was assumed
that the customers already possess the
necessary terminal equipment like TV,
PC, etc. Supplementary expenditure for
specific adapters and ‘interface’ hard-
ware for the applications which have to
be installed, was assumed to be covered
by a subscription (connection) charge.
The costs of the delivered information
were not taken into account.

Some information may be financed by
advertisements. The teleshopping appli-
cation may be financed by the sellers and
not by the customers. The costs of other
information like electronic newspapers
may be substituted by a reduction of
costs for buying hard copies (traditional

Choices 1994 survey *) Answers 1994 *) Choices 1997 survey Answers 1997
Video on demand 28 % Teleworking 28 %
Home office 27 % Information services 25 %
Videotelephony 18 % Tele-entertainment 24 %
Remote education 8 % Teleshopping 7 %
Multimedia telegames 7 % Private communications services 6 %
Home ordering system 4 % Telecommunity 4 %
Interactive TV/specialized channels 4 % Telelearning 3 %
Electronic newspapers 3% Others (Telebanking) 1%
Advertising and marketing 1%

Telecommunity 0 %

*) Source [15]
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newspapers). Nevertheless, it is reason- e budget for newspapers, magazines,
able to believe that the customers have dictionaries, specific books and videos,
to pay for some type of information. etc.

The household has both a time budget
and a financial budget, dependent on the
number of persons in the household. The
budgets limit the use of applications. It is
reasonable to expect some substitution
effects between the household’s use of
time today and possible use of broadband
accesses. In the questionnaire we have
asked how much additional time a house-
hold would spend on the new broadband
applications as a function of additional
payment.

4.1 Household budget
and usage

A household has an annual disposable
income, which is the income after tax or
the part of the income which is available
for purchasing goods and services, for
savings etc. Part of the service budget is
related to

* budget for entertainment;

* budget for telecommunications;

250 =%
—+— Teleworking Business
200 —
—=— Teleworking Private
% —+— Telel i
elelearning
D 150
@
o
[}
2
E 100
=
50
0 | 1 t — |
0,0 5,0 10,0 15,0 20,0
Price per hour (euro)
Figure 2 Demand curves for broadband access for teleworking and telelearning
70,0
60,0 — —— Tele-entertainment
50,0 |— —=— Information services
> —+— Telecommunity
©
? 40,0 [— —= Private communications services
@
[oR —— q
2 30,0 Teleshopping
=]
£
= 20,0
10,0 —
0,0 -

0,0 5,0 10,0 15,0 20,0
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Figure 3 Demand curves for other private broadband applications groups

4.2 Ranking groups
of applications

The respondents were asked to point out
the three most important services for the
future. This makes up 33 % the highest
possible score for an application group.
Table 3 shows the ranking of the group
of applications in 1994 and in 1997.
Teleworking, information services and
tele-entertainment stand out as the antici-
pated most popular services for broad-
band. A comparison with a similar Del-
phi survey in 1994 [15] shows that the
three most promising broadband applica-
tions were video on demand, home office
and videophony. It looks like information
services have become more popular from
the 1994 survey to the 1997 survey. In
addition, from the first to the second sur-
vey other application groups have
become more interesting than private
communications services (videophony).

A telecommunication access line may
support the use of many of these groups
of applications, so for each group of
applications questions were asked on the
demand at different prices in order to
quantify the demand.

4.3 Potential usage
of applications

For every service the respondents were
asked to indicate the demand in minutes
per day for a given set of prices per hour.
Hence a demand curve can be con-
structed for each application group based
on medians from the survey. In Figure 2
a distinction is made between company
paid teleworking and teleworking paid by
the households themselves, since compa-
nies are expected to have a higher will-
ingness to pay than private households.

The demand for telelearning is trickier
because it concerns a small share of the
households and for a limited time of the
year. The household usage will be high
some days and zero at other times
depending on the type of courses and
education frequency. Demand curves for
other private broadband application
groups are shown in Figure 3. The results
show that tele-entertainment follows the
same demand curve as telecommuting
from a price of five euro per hour, but
has a higher saturation level — so the
expected demand is much higher at a
low price. Tele-entertainment services,
which are defined as video on demand,
audio/music on demand, multimedia tel-
egame and virtual reality, are very attrac-
tive services, but are quite price elastic.
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Figure 4 shows medians for round 1 and
round 2 and identifies the range from the
25 quartile to the 75 quartile of the
answers on demand for broadband con-
nections for different hourly prices. The
figure indicates significant reductions in
the variance of the answers received in
the first round compared to the second
round.

Teleworking, information services and
tele-entertainment stand out as the most
promising broadband applications in the
future. The interest for information ser-
vices can be explained by the rapid
development of the Internet and the
related narrowband applications. The
interest for tele-entertainment is caused
by a high degree of usage of existing
applications. Teleworking is of special
interest and may be one important driver
for the broadband market. Teleworking is
used by self employed persons with their
office at home (SOHO), by one person in
the family financed by the company, or
by some in the family, but financed inter-
nally. Today there is a positive trend
towards supporting teleworking at home.
For employees with qualified and inde-
pendent work there are reasons to predict
that society and the companies are will-
ing to support and finance extensive use
of teleworking with a broadband connec-
tion. In that way the employees can work
more effectively and in a more flexible
way. Society also supports teleworking
because of reduced pollution and reduced
traffic at rush hour times, etc. Some large
companies now offer a home office solu-
tion combined with a company paid nar-
rowband access (N-ISDN) for some of
their employees.

4.4 Demand forecasts

The respondents were asked to indicate
the expected penetration in the residential
market for broadband access for the
years 2000, 2005, 2010, 2015 in addition
to the saturation level. Figure 5 indicates
quite a high demand for broadband con-
nections in the residential market. The
penetration forecasts for 2 Mbit/s have
not changed much from the 1994 Delphi
survey. In 1994 the experts predicted, for
2 Mbit access, a penetration rate of 5 %,
10 % and 15 % respectively for the years
2000, 2005 and 2010. In the 1997 survey
the forecasts are 4 %, 12 % and 23 %
respectively for the years 2000, 2005 and
2010. The difference in the predictions is
somewhat larger for faster connections,
but the results show the same pattern.
While the experts in 1994 expected a
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Figure 4 Demand curves for broadband access — all applications
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Figure 5 Forecast for broadband access in the residential market

Table 4 Revised broadband forecasts as percentage of the residential market

Access capacity 2000 2005 2010 2015 Saturation
2 Mbit/s 2 12 23 40 50
8 Mbit/s 0.5 5.5 14 22 40
26 Mbit/s 0.1 3 9 15 25
Sum 2.6 20 45 75 *)

*) The saturation for the various accesses will occur at different points in time

39



40

Table 5 Parameter estimates and multiple correlation coefficient for broadband pene-

tration forecast functions

Parameter estimates a b g M R2
2 Mbit/s - 0.07496 - 0.19266 5] 50 98.56
8 Mbit/s - 4.79468 -0.13249 500 40 99.38
26 Mbit/s -4.57674 -0.15775 500 25 99.37

penetration rate for 8 Mbit/s of 1 %, 2 %
and 5 %, the respective penetration fore-
casts for 25 Mbit/s in the 1997 survey are
2%, 5% and 13 %.

4.5 Analytical forecasting
functions

The development of analytical forecast
models for broadband access was a part
of the OPTIMUM project. The results
from the Delphi survey contain only

2 Mbit/s and 25 Mbit/s accesses. There
are reasons to believe that also 8 Mbit/s
will be a conventional offered access.
Evaluation of the results shows that the
sum of the two 25 Mbit/s gives about the
same demand as the 2 Mbit/s. During the
first ten years the demand for 2 Mbit/s
will probably be significantly higher than
25 Mbit/s. Since the total demand for

25 Mbit/s seems optimistic, it has been
suggested to transfer 25 Mbit/s with

384 kbit/s return demand to a 8 Mbit/s
demand. In addition it has been sug-
gested to split the given demand in a
symmetric demand and an asymmetric
demand. Since 8 Mbit/s is a lower cap-
acity than 25 Mbit/s it has been sug-
gested to increase demand by 10 %.

In addition we will use 26 Mbit/s, which
is closer to the new standard than

25 Mbit/s. The forecasts for 8 Mbit/s
and 26 Mbit/s for the year 2000 is also
reduced to 0.5 % and 0.1 % respectively.
The revised forecasts are found in Table

4.

The demand forecasts in the table in-
clude both symmetric and asymmetric
accesses. The fraction between asymmet-
ric and symmetric will change over time,
but during the first years, there will
mainly be asymmetric accesses. The
models developed in the OPTIMUM
project are based on the results from the
1997 Delphi survey. Different analytical
forecasting models for fitting the Delphi
data are tested. The extended Logistic

model with three parameters give a rather
good fitting. The model is defined by the
following expression:

Y, =M/ (1 +exp(a+ )

where the variables are defined as fol-
lows:

Y, Demand forecast at time ¢
M Saturation level
t Time

a, B,y Parameters.

The parameters «, f3, y cannot be esti-
mated simultaneously by ordinary least
squares regression since the model is
non-linear in the parameters. The main
objective in the fitting is not to get the
best overall fit, but a reasonably good fit

for the first years. Therefore, the para-
meters in the model are estimated by
ordinary least squares regression (OLS)
for different values of y. The OLS esti-
mation is based on the following trans-
formation:

In((M/Y) Y= 1) = a + Bt

The saturation level M and the parameter
y are fixed values in the estimation pro-
cess. M is found from the Delphi data,
while y is estimated by systematic calcu-
lations of RMSE (root mean square
error) for a set of different values. The
multiple correlation coefficient, R2, for
the models is rather high. The estimated
values are given in Table 5.

The broadband penetration forecasts are
shown in Figure 6.

4.6 Symmetric and asymmetric
demand modelling

The forecasts have to be divided into
asymmetric and symmetric demand.
Introduction of analytical functions are
convenient for describing the share of
asymmetric and symmetric accesses. The
question is how the symmetric demand
will develop compared to the asymmetric
demand. The symmetric demand will
probably be low for the first years com-
pared to the asymmetric demand. After

50,00
45,00 &
—— 2 Mbit/s /
40,00
—m— 8 Mbit/s /
& 8500 —A— 26 Mbit/s /
S 30,00
IS
© 25,00
C
(0]
& 20,00
15,00
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2012
2014
2016 —
2018 [~
2020 [~

Figure 6 2 Mbit/s, 8 Mbit/s and 26 Mbit/s broadband forecasts
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some years the symmetric demand

will probably have a relatively higher
increase. In the end we assume that the
proportion of symmetric subscriptions
will converge to a given level. One
important element is how the PCs are
used as broadband terminals, either for
communication with specific information
sources, or for communication between
users. The behaviour may be modelled
by constructing analytical functions
defining market shares as a function of
time between the asymmetric demand
and the symmetric demand. The analyti-
cal functions should be simple.

It is suggested to use the Logistic model
to describe the evolution of the distribu-
tion of asymmetric and symmetric
demand. The following parameters

are defined:

S Saturation level

S, Share of symmetric demand
t Time

T Time to 50 % saturation

a Growth per year

a, f Parameters in the Logistic model
(Model 2).

The model is given by:
S;=S8/(1 +exp(a+ pr)

The Logistic model is symmetric on
both sides of /2. The model is uniquely
defined if S, a and f3 are defined. Instead
of defining the parameters, we have
decided to determine the function by

the following assumptions:

1) Define the saturation level S;

2) Define the time (number of years) 7,
until half saturation is reached;

3)Define the market share S, at time 0,
which is the year of introduction.

The parameters in the model are found by:
a=-p*T
B=/T)*In(S/Sy— 1)

The degree of symmetric demand de-
pends on the offered broadband capacity.
The analytical specification differs, de-
pending on connection capacity. The sat-
uration for 2 Mbit/s symmetric demand
is suggested to be 40 % in the long run,
while the 8 Mbit/s and 26 Mbit/s sym-
metric demand is suggested to be 30 %
and 25 % respectively. The time to reach
half saturation for 2 Mbit/s, 8 Mbit/s and
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Figure 8 Forecasts for asymmetric and symmetric connections (%)

26 Mbit/s is estimated to be eight years,
and the starting proportion of symmetric
broadband communication demand is
estimated to be 2 %. The distributions
are shown in Figure 7.

4.7 Demand for access
capacities

The access lines with different capacities
may support the use of many of the ear-
lier mentioned applications. Thus, ques-
tions were asked on the demand for
broadband access for three different
access types as a function of annual
costs. Figure 9 shows the estimated

demand curves for 2 Mbit/s, 8 Mbit/s and
26 Mbit/s broadband connections. The
difference between the demand curves is
very small and indicates that residential
users are not willing to pay much more
for a high capacity connection despite
the better quality.

4.8 Analytical demand models

As a part of the OPTIMUM project ana-
lytical demand models dependent on
price were developed. Based on the same
arguments as for analytical forecasting
functions, 2 — 4 Mbit/s, 25 Mbit/s with a
narrowband return channel and a broad-
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Figure 9 Demand curves for broadband access as a function of annual cost

band return channel are transferred to

2 Mbit/s, 8 Mbit/s and 26 Mbit/s. The
suggested demand model based on three
parameters is:

y= e(a“'ﬁ[’)y
y Demand;
p Price;

a, B,y Parameters in the model.

The parameter estimates are found by
OLS regression for a given set of y val-
ues. A variant of this model is based on
the assumption that the demand is 100 %
when the price is 0. Evaluation of the
results show that the fitting is not satis-
factory. To improve the fit, the para-
meters o and f are determined such that
the demand curve passes through the two
initial points, while the y parameters are

determined by minimising the squared
distance between the demand curve and
the results from the Delphi survey.

Now, let the initial values be:
Oy pp and (v, pp)

Hence:
B =~[nypr—Qnyp'"/(p;-pp)
a =(ny)Vr-Bp

The parameter y is found by minimising
the following expression:

0(y) = 3y, — elar+prp ")

In the non-linear estimation procedure,
not only the last equation is minimised
but also the first years achieve a reason-
ably good fit. For all models y equal to

Table 6 Assumption tariff evolution for broadband services (mass market)

around 10 gives a rather good fit. The
framework for the demand curves is
described hereafter. It is important to
underline that the tariff in this context
consists of both a one year subscription
tariff and also a usage tariff based on the
expected traffic during one year. The
methodology described in the previous
sections is used to predict the tariff evo-
lution for broadband connections. The
predictions are calculated in the follow-
ing steps:

The tariff p is found by transforming the
demand model to the formula:

pi=[ny)!"—al/p

The parameters o, § and y are found by
the above equations. Then the tariff pre-
dictions for the years 2000, 2001, ...,
2010 are determined by inserting the
demand forecasts {y,} in the same years.
The tariffs are found in Table 6. The tar-
iff evolution for broadband services in
the mass market is shown in Figure 10.

4.9 Willingness to pay
for access capacity

Willingness to pay as a function of dis-
posable household income is estimated
for broadband access based on answers
from the respondents. Disposable income
is the household income after tax, ie. the
part of the income that is available for
saving and purchasing goods and ser-
vices. Figure 11 shows that households
with an annual disposable income in the
10,000 to 15,000 euro range cannot
afford to pay more for a high capacity
connection. Incremental willingness to
pay for broadband access is very small,
even for wealthy households.

Parameters 2 Mbit/s 2 Mbit/s 8 Mbit/s 8 Mbit/s 26 Mbit/s 26 Mbit/s
asym sym asym sym asym sym
Demand, year 2000 1.900 % 0.037 % 0.637 % 0.013 % 0.150 % 0.003 %
Demand, long run 40 % 40 % 30 % 30 % 25 % 20 %
Tariff, year 2000 1800 euro 2700 euro 3240 euro 4860 euro 5192 euro 7788 euro
Tariff, long run 500 euro 750 euro 900 euro 1350 euro 1442 euro 2163 euro
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For households with an annual dispos-
able income of between 25,000 and
60,000 euro the willingness to pay for
subscription and traffic charges for the
highest capacity access is only 2 % of
the household’s disposable income.

4.10 Price and capacity

The previous sections have shown a low
willingness to pay for higher capacity
and better quality. The questionnaire
also included direct questions on the
household’s willingness to pay for
increased capacity relative to a 128 kbit/s
access, ie. an ISDN basic access. Figure
12 confirms a low willingness to pay for
incremental increased connection capac-
ity. The difference between the 75 %
quartile (25 % answered higher) and the
25 % quartile (25 % answered lower) are
shown in the figure as a measure of the
variation in the answers. The uncertainty
increases with increased capacity.

5 Conclusions

The results from the 1997 Delphi survey
show that there will be a substantial
demand for broadband services in the
residential and SOHO markets during the
next ten years. However, the households
are not willing to pay too much more for
additional broadband applications and
additional capacity. Households with low
disposable income will not afford to have
a subscription, while households with a
reasonable disposable income are willing
to pay up to 2 % of their disposable
income. The possibilities for substitution
effects between new and old media
(newspapers, magazines, video rental,
video games, etc.) are taken into account.

The Delphi survey indicates that cus-
tomers will be unwilling to pay much
more for increased capacity. It is interest-
ing to see that the demand curves for

2 Mbit/s, 8 Mbit/s and 26 Mbit/s are quite
similar. The results are supported by the
price/quality question where the experts
indicate that the households are willing to
pay twice as much for a 50 Mbit/s access
compared to how much they are willing
to pay for an ISDN BA access, and only
2.2 times as much for a 500 Mbit/s
access. This is a quite important finding,
because a 50 Mbit/s access is possible
using VDSL modem for customers with
short subscriber lines, while 500 Mbit/s is
impossible because of the physical limita-
tion on the twisted pair. To offer 500
Mbit/s access an FTTH solution will
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probably be needed, but the customers are
not willing to pay more than 2.2 times the
price of an ordinary ISDN access!

Comparison of the results from the 1997
Delphi survey and the one carried out in
1994 shows that the results are rather
similar. It is interesting to note that the
penetration forecasts for a 2 Mbit/s
access for the years 2000, 2005 and 2010
are quite close, with the 1997 forecasts
being a little bit higher. For higher access
capacities we see the same pattern. Usu-
ally, the experience when comparing old
forecasts of new telecommunication ser-
vices to new forecasts is that the old fore-
casts have been too optimistic. The fore-
casts of the Internet evolution is of
course an exception.

Like in the 1994 Delphi survey, the vari-
ation in the answers among the experts in
the 1997 Delphi survey was significantly
reduced from round 1 to round 2. The
variation was measured by 25 % and

75 % quartiles. The results indicated that
it was unnecessary to carry out an addi-
tional round.

To realise the potential broadband de-
mand, a key option is the development
of the broadband drivers mentioned in
the introduction. Models to predict cost
trends for network components show that
increased production gives significant
reduced cost.

In addition analytical broadband fore-
casting functions and demand functions
are developed together with forecasts
for asymmetric and symmetric demand.
The analytical forecasting functions and
demand functions are modelled based
on the results from the Delphi survey.
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Broadband Access Forecasts for the

European Market

KJELL STORDAHL AND KJELL OVE KALHAGEN

The first part of the paper gives a review of broadband forecasts and broadband forecasting methods
which have been applied during the last eight years to predict the broadband evolution in Western
Europe. It is documented that the Delphi survey has developed rather good long-term forecasts based

on surveys carried out in 1994 and 1997.

The second part of the paper presents demand modelling and forecasts for different access tech-
nologies for the fixed and mobile network based on results from the IST project TONIC 1)2) The
demand modelling and broadband forecasts are important input to four techno-economic business case
analyses in the TONIC project. Forecasts for three generic types of Western European countries have
been developed: A Nordic country, a Central European country and a Southern European country.

For the fixed network, a model has been developed for forecasting the total broadband penetration in
the European residential market. Forecasts are made from 2002 to 2010 based on diffusion models. A
specific model is developed to predict the market share evolution between ADSL, VDSL, fixed wireless
broadband and cable modem/HFC, and then penetration forecasts for the different access technologies.

For the mobile network, specific forecasting models have been developed to forecast the total mobile
access penetration in Europe and for the mobile system generations GSM, GPRS/HSCSD, 3G and

3G/WLAN.

1 Introduction

Broadband forecasts are important input for a
wide range of areas. Specific models are devel-
oped to forecast broadband subscriptions and
broadband traffic generated in the network [1].
Short-term forecasts are used to estimate the rev-
enue. The forecasts are also input to the budget
process and even for following up the budget
month by moth.

In addition, the forecasts are used to estimate
the investment and operations and maintenance
costs. Broadband forecasts are important for pre-
dicting purchase of broadband equipment, net-
work components and to predict manpower used
for the installations.

However, this paper focuses on long term evolu-
tion of broadband technologies. The broadband
forecasting models have to take into account
various broadband technologies. A battle has
started between incumbent operators and cable
operators in Western Europe. In some countries
the cable operators have rather high broadband
market shares since they have started broadband

deployment earlier than the incumbent operators.

The forecasts show that DSL access technology
within a short time will be the dominating tech-
nology in Europe. However, in areas were there
exist cable networks, the competition is inten-
sive and the broadband penetration higher than
normal [2,3]. The situation in Europe is different

from North America where forecasts show that
cable modem technology based on HFC during
the coming years still will have more than 50 %
of the market. Fixed wireless broadband access
based on technologies like LMDS is for the
moment rather expensive. A lot of operators
plan to utilise the technology, but it will take
some years before the technology is cheap
enough to compete with DSL and HFC.

To be able to make the right decisions for the
rollout of broadband platforms, overall techno-
economic calculations have to be performed.
The European Commission has since 1992 sup-
ported the following portfolio of techno-eco-
nomic projects:

o TITAN, RACE 364 (1992-1995)
o OPTIMUM, 2087  (1996-1998)
o TERAY), ACT 226 (1998-2000)
o TONIC, IST 25172 (2001-2002)

The broadband forecasting models have been an
important element in techno-economic modelling.

2 Broadband Forecasting
Models for Techno-
Economic Analysis of
Broadband Roll-out

Important input to techno-economic modelling

of broadband rollout is broadband forecasts.

Both quantitative and qualitative forecasting

1) TONIC: TechnO-ecoNomICs of IP optimised networks and services

2) http://www-nrc.nokia.com/tonic/
3) http://www.telenor.no/foulprosjekter/tera
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Figure 1 Forecasts of
penetration of ISDN, wide-
and broadband accesses in the
residential market, Western
Europe (Delphi survey, 1994)

Figure 2 Demand curves
ISDN, wide- and broadband
accesses in the residential
market, Western Europe
(Delphi survey, 1994)
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models are candidates for making broadband
forecasts. Actual quantitative forecasting models
could be Smoothing models, Time Series models
(Box Jenkins approach), Kalman filter models,
Regression models, Logit models, Diffusion
models and other econometric models. Actual
qualitative forecasting methods could be Market
surveys, the Scenario method, the Analogy
method, Experts methods and the Delphi
method.

The question is what type of models can be used
for techno-economic analysis of broadband roll-
out. The forecasting models have to satisfy the
following:

1) Because of the nature of investment projects,
long term forecasts are important.

2) The forecasting models should also have the
ability to be applied with limited or no data at
all as input.

In addition there should be possibilities to in-
clude relevant expert information.

To establish a new broadband platform, it is
necessary to examine a project period of 5 — 10
years. Because of heavy investments the pay-
back could be 5 years or more both in the fixed
network using DSL, HFC or LMDS technology,
and in the mobile network for UMTS. The
mobile business case has also to take into
account the mobile licences for UMTS. Hence,
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long term forecasting models have to be used to
evaluate rollout of a new broadband platform.

In case of no historical data the qualitative fore-
casting models are of course the most relevant
models. Time series models and Kalman filter
models are not relevant since they need a sub-
stantial number of observations. HFC and DSL
were introduced in Western European countries
in the period 1999 — 2001. Therefore the number
of yearly historical observations in different
European countries varies from 1 to 3. The
forecasting models used have to utilise limited
observations and in addition make long term
forecasts.

3 Forecasting Models Used
for Broadband Forecasts
1993 - 2000

The EU has since 1992 supported a portfolio of

techno-economic projects, with the objective to

analyse and evaluate broadband rollout. This
chapter gives a review of the forecasting meth-
ods used in the techno-economic projects:

TITAN, OPTIMUM, TERA and TONIC.

3.1 TITAN

Quantitative forecasting models could not be
used in TITAN (Tool for Introduction Strategies
and Techno-Economic Evaluations of Access
Networks) since the project was carried out a
long time before broadband services were intro-
duced in the residential market. Even parts of
broadband technology, which are used now,
were not known. In the first phase of the project,
internal expert evaluations were performed to
make predictions of the future broadband mar-
ket. The applications teleworking, telelearning,
telegames, teleshopping, teleinteraction and
information/thematic channels were examined.
In 1994 a postal two-round Delphi survey was
carried out among 100 experts from 10 different
Western European countries. The experts had to
answer questions about the demand for broad-
band applications, the demand for access capac-
ity and willingness to pay. The access capacities
were segmented in ISDN, wideband accesses

(2 Mbit/s) and broadband accesses (8 Mbit/s).

The Delphi results contained demand forecasts
for ISDN, 2 Mbit/s and 8 Mbit/s accesses in the
years 1995, 2000, 2005 and 2010. The results
are shown in Figures 1 and 2.

Figure 1 shows the demand curve for ISDN,
wide- and broadband accesses. The experts in
the Delphi survey had to estimate the demand
based on rather high annual tariffs. For wide-
band the tariff interval was [1000 — 2300 Euro],
while the interval was [1500 — 3400 Euro] for
broadband accesses.
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The differences between the demand curves are
small and show that the users are not willing to
pay much more for higher capacity. One reason
is the relatively high tariff levels.

Ranking of broadband applications is shown in
Table 1. The demand curve and price elasticity
was estimated based on results from the Delphi
survey. The results are documented in [4-7].

3.2 OPTIMUM

A new Delphi survey was performed in OPTI-
MUM (Optimised Network Architectures for
Multimedia Services) to predict the future evolu-
tion of the broadband market. The survey was an
on-site two-round Delphi survey carried out on
the Techno-economic Workshop arranged by
OPTIMUM in 1997. In 1994 a set of applica-
tions were described. Now, the relevant applica-
tions were grouped in the following application
classes:

1 Tele-entertainment (Symmetric and
asymmetric)
* Multimedia telegames
e Virtual reality
* Video on demand
* Audio/music on demand

2 Information services (Asymmetric)
* Information retrieval
* Electronic magazines
* Information retrieval by intelligent agents
* Electronic newspapers

3 Teleshopping (Asymmetric)
* Teleshopping
* Adbvertising

4 Private communications services (Symmetric)
* Videophone
* Teleconferencing

Applications 1994 Answers 1994
Video-on-demand 28 %
Home office 27 %
Videotelephony 18 %
Remote education 8 %
Multimedia telegames 7 %
Home ordering system 4 %
Interactive TV/specialised channels 4 %
Electronic newspapers 3 %
Advertising and marketing 1%
Telecommunity 0 %
Telektronikk 2/3.2002

5 Teleworking (Symmetric and asymmetric)
¢ Videophone
* Joint editing/publishing
¢ Teleconferencing
* Teleparticipation
¢ Information retrieval
* Multimedia application

6 Telelearning (Symmetric and asymmetric)
¢ Video-on-demand
¢ Videophone
o Virtual reality

7 Telecommunity (Symmetric and asymmetric)
e Telesurveillance
¢ Videophone
¢ Telediagnostics

The questionnaire starts with a description of the
applications. The capacity classes defined were
2-4 Mbit/s with 384 kbit/s and 25 Mbit/s with
384 kbit/s and 6 Mbit/s return, respectively. The
main questions in the survey were:

» Usage as a function of charge;

* Penetration as a function of charge;

e Penetration as a function of time (forecast);

* Demand as a function of disposable household
income.

The experts in the Delphi surveys were asked
to select the three most interesting broadband
applications. Table 1 shows the ranking of

the application in the Delphi survey in 1994
and 1997. The table shows that the Delphi sur-
vey in 1994 and 1997 predict that home office/
teleworking and tele-entertainment/video-on-
demand will be important future broadband
applications.

The broadband penetration forecasts from the
Delphi surveys in 1994 and 1997 are described

Application classes 1997 Answers 1997
Teleworking 28 %
Information services 25 %
Tele-entertainment 24 %
Teleshopping 7 %
Private communications services 6 %
Telecommunity 4 %
Telelearning 3 %
Others (Telebanking) 1%

Table 1 Evaluation of
applications.
Percentage score
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Figure 3 Broadband
penetration forecasts for
the residential market in
Western Europe

(1994 and 1997)

Figure 4 Demand curves as
a function of annual cost in
Euro (ECU) for broadband
subscription (1997)

Figure 5 Willingness to
pay for increased capacity
relative to ISDN (128 kbit/s)

Figure 6 Demand forecasts
for 2, 8 and 25 Mbit/s accesses
in the residential market in
Western Europe (1999)

Figure 7 Market share
evolution of symmetric
broadband accesses in
the residential market
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in Figure 3. The 2 Mbit/s penetration forecasts
in the two surveys are rather close, while high
access capacity predictions are lower in 1994
compared with 1997. The Delphi survey from
1994 predicted 13 % broadband penetration in
year 2005, while the survey from 1997 predicted
20.5 % broadband penetration.

In OPTIMUM the demand classes were revised
to 2, 8 and 25 Mbit/s downstream access capaci-
ties. The demand curves based on the Delphi
results are shown in Figure 4. The figure shows
limited broadband demand when the annual tar-
iff exceeds 1000 Euro. The willingness to pay
for access capacity was examined with reference
to ISDN. The results are shown in Figure 5.

[8—10] describe results from the 1997 Delphi
survey in more detail.

3.3 TERA

TERA (Techno-Economics Results from ACTS)
utilised the demand data from the 1997 Delphi
survey. Diffusion models were examined to
describe the evolution of broadband penetration.
A four parameter Logistic model was used to the
modelling. The model is defined by:

Y, =M/ (1 +exp(a+ Bt)
where the variables are defined as follows:

Y, is demand forecast at time ¢
M is saturation level

tis time

a, 3, y are parameters

The model was used to forecast the demand for
2, 8 and 25 Mbit/s accesses. The results are
shown in Figure 6.

Since there was no reason to adjust the Delphi
forecasts, the Delphi observations were used as
input to fit the parameters in the Logistic model.
In addition a specific model was used to predict
market share between asymmetric and symmet-
ric accesses. The model was described by:

S; =S8/ +exp(a+ pr)

Where the parameters are defined by:
S is saturation level
S, is share of symmetric demand
tis time
a, ( are parameters in the Logistic model
(Model 2)

Figure 7 describes the market share evolution of
symmetric accesses

Results are described in more detail in [10-17].
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4 Forecasting Models Used
for Broadband Forecasts
in TONIC
A model has been developed to forecast the total
broadband penetration in the European residen-
tial market. Forecasts are done from 2001 to
2010 based on diffusion models. Specific mod-
els are developed to predict the market share
evolution between ADSL, VDSL, fixed wireless
broadband and cable modem/HFC, and then
penetration forecasts for the different access
technologies.

Especially the evolution of broadband in Ger-
many, Sweden and Denmark speeds up the
broadband demand in Europe. Germany reached
2 million DSL accesses already at the end of
2001. The wide use of (narrowband) Internet,
the flat rate tariff and the broadband competition
are important drivers for broadband. Introduc-
tion of wholesale and the possibility to hire cop-
per lines (LLUB) increase the competition. Also
different broadband technologies compete to
catch significant market share. Monitoring on
the demand data shows that the cable operators
have been dominating the first years. However,
the broadband penetration at this stage is not
very high.

4.1 Data Sources and Modelling
Information has been gathered from a lot of dif-
ferent sources. The project partners have col-
lected up-to-date data of the broadband evolu-
tion, demographic data and tariff data. Other
important sources have been consultant reports
from Jupiter [18], Strategy Analytics [19] and
OVUM [20]. The Tonic project has developed
new forecasts based on the collected information
[21-23]. It has been difficult to use the forecasts
from the consultant reports since the forecasts
predict too high a market share for cable modem
and the HFC technology, probably influenced
by the situation in North America.

The first step has been to make penetration fore-
casts for the total broadband demand in the resi-
dential market. A four parameter logistic model
has been used for the forecasts. The saturation
level in the model has been estimated based on
coverage for broadband in various countries in
Europe. In non-dense rural areas, the expenses
in rolling out broadband are too high, because
too few households give payback to the neces-
sary investments. The other parameters in the
model are estimated based on historical data and
also some expert evaluations.

Then predictions of the evolution of market
share between different broadband technology
have been developed based on a set of Logistic
forecasting models. Migration between tech-
nologies are handled when VDSL and Fixed
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Broadband penetration Western Europe
70

60
50
40
30
20

Penetration (%)

2000 2002 2004 2006 2008 2010

Market share distribution
120

100
DSL + Other BB tec

80
60
40

Market share (%)

Cable modem

20

2000 2002 2004 2006 2008 2010

wireless broadband are catching market shares
from ADSL and cable modem. The penetration
forecasts for the broadband technologies are
found by multiplying the predicted market share
with the total broadband penetration.

4.2 Residential Broadband
Penetration Forecasts for
Western Europe

Figure 8 shows the long-term Western European

residential broadband subscription forecasts. The

demand is expressed in percentage of total num-
ber of households. The figure shows a penetra-

tion of nearly 25 % at the end of 2005.

4.3 Cable Modem (HFC) Market
Share Evolution
Figure 9 shows that the market share for cable
modems (HFC) starts on nearly 100 % in 1999
but loses about 40 % of the market during the
first two years. The long-term forecasts show
saturation for cable modem on a 20 % level.
Even that level may be a little bit too high for
Western Europe. These forecasts contradict the
long-term forecasts from various consultant
companies, which predict higher cable modem
penetration.

4.4 Market Share Evolution for DSL
Figure 10 shows that the market share evolution
of DSL reaches a turning point around 2005.
Then the DSL market share is predicted to de-
crease because of other competing technologies.

Figure 8 Long-term
broadband penetration
residential markets
Western Europe

Figure 9 Predicted market
share evolution between cable
modems (HFC) and DSL +
other broadband technologies
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Figure 10 Market share
evolution of DSL and the
distribution between ADSL
and VDSL

Figure 11 Predicted market
share evolution for ADSL
basic, premium and silver
capacity.

Figure 12 Evolution of
predicted average downstream
capacity in Mb for ADSL
subscriptions

Figure 13 Market share
distribution and prediction of
ADSL, VDSL, cable modem
and other broadband
technologies

Figure 14 Broadband
penetration forecasts for
ADSL, VDSL, cable modem
and other broadband
technologies
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Separate forecasts are developed for VDSL mar-
ket share evolution. The figure shows that VDSL
starts slowly in 2003, but increases rather signif-
icantly and reaches 30 % penetration in 2010. At
the same time VDSL is at the same subscription
volume as ADSL. Physical limitations especially
the length of the subscriber line influences the
market potential for VDSL.

4.5 Market Share Evolution for
Different ADSL Access
Capacities

The ADSL is divided into the following access

capacities:

¢ Basic-Residential: 512/128kb
¢ Premium-Residential: 2048/256kb
¢ Silver-Residential: 6144/640kb

The expected market share evolution is shown in
Figure 11. The figure shows that “Basic” is
dominating the first years starting with nearly
100 % market share in year 2001. In 2005 “Pre-
mium” reaches the same level as “Basic”. The
demand for “Silver” is expected to start around
2003.

The mean downstream capacity for “Basic” is
assumed to be 0.75 kb. For Premium and Silver
the respective figures are 3 Mb and 6 Mb. Based
on the assumed figures and the market share dis-
tribution, the evolution in average downstream
capacity for ADSL is described in Figure 12.
The figure shows that the average downstream
capacity is 0.75 Mb in 2001. The capacity in-
creases to about 2 Mb in 2005 and about 4 Mb
in 2009 for ADSL subscriptions.

4.6 Distribution Between Technology
To be able to predict penetrations for each tech-
nology, the overall market share for each tech-
nology is needed. Figure 13 shows the market
share evolution between different technologies.

The resulting penetration forecasts for each tech-
nology are given in Figure 14.

4.7 Broadband Forecasts for
Country Groups
The TONIC project has also developed seg-
mented country forecasts for Europe. Require-
ments for the country grouping have been to
have reasonable homogeneous country groups
and in addition mainly countries represented in
the TONIC project. The following country
groups were selected both for the fixed and the
mobile network services:

* Nordic countries (Finland, Norway)

» Large central European countries (France,
Germany, UK)

* Southern European Countries (Greece, Portugal)
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4.7.1 Nordic Countries (Finland, Norway)
The Nordic country group is represented by Fin-
land and Norway, since the countries are part-
ners in the TONIC project. It is important to
underline that Sweden and Denmark, which
have a rather high broadband penetration, are
not included in the presented results. The broad-
band evolution in Finland and Norway is rather
similar. The number of households in the two
countries is 2.45 mill and 2.01 mill, respectively,
while GDP per capita is about 27,000 Euro and
38,000 Euro. At the end of 2001 the broadband
penetration in Finland was 3.7 % consisting of
2.9 % DSL and 0.9 % Cable modem. At the end
of 2001 the broadband penetration in Norway
was 3.5 % consisting of 2.0 % DSL and 1.5 %
Cable modem.

Figure 15 shows the broadband penetration fore-
casts for the Nordic country group. It assumed
that saturation is lower in the Nordic countries
compared with central European countries be-
cause the proportion of low density areas is
larger in the Nordic countries.

The predicted market share evolution between
broadband technologies is shown in Figure 16.

4.7.2 Large Central European Countries
(France, Germany, UK)
France, Germany and UK represent the large
central European country group. The number of
households in the three countries is 27 mill, 38
mill and 26 mill, respectively, while GDP per
capita is about 27,000 Euro, 28,000 Euro and
24,000 Euro. At the end of 2001 the broadband
penetration in France was 2.6 %, consisting of
2.0 % DSL and 0.6 % Cable modem. At the end
of 2001 the broadband penetration in Germany
was 6.1 % consisting of 5.8 % DSL and 0.3 %
cable modem.

Figure 17 shows the broadband penetration fore-
casts for the large central European country
group. It assumes that the forecasts are close to
the European mean forecasts.

The predicted market share evolution between
broadband technologies is shown in Figure 18.

4.7.3 Southern European Countries
(Greece, Portugal)
The Southern European country group is repre-
sented by Greece and Portugal, since the coun-
tries are partners in the TONIC project. The
broadband evolution in Greece and Portugal is
rather low so far. The number of households in
the two countries is 3.7 mill and 5.1 mill, respec-
tively, while GDP per capita is about 13,000
Euro and 12,000 Euro. At the end of 2001 the
broadband penetration in Greece was 0.4 % con-
sisting of 0.1 % DSL and 0.3 % cable modem.
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Figure 20 Market share
evolution of broadband
technology
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At the end of 2001 the broadband penetration in
Portugal was 1.4 %, consisting of 0.02 % DSL
and 1.4 % cable modem. Figure 19 shows the
broadband penetration forecasts for the Southern
European country group. The figure shows that
the evolution is more defensive compared with
Central European and Nordic countries.

The predicted market share evolution between
broadband technologies is shown in Figure 20.

5 Forecasting Models Used for
Mobile Forecasts in TONIC
Demand forecasts for different mobile technolo-

gies for Western European countries are pre-
sented. The forecasts are established for three
different groups of Western European countries.
The countries in each group are similar with
respect to GDP per capita, GSM penetration
today, and forecasted UMTS penetration in
2007. Specific forecasts are developed for each
country group.

In particular, after formulating projections on
total mobile subscriber penetration, we make
forecasts for the different penetration rates for
the following mobile system “generations’:

e 2G  —digital mobile systems such as GSM

* 2.5G —HSCSD, GPRS, EDGE

¢ 3G -UMTS

3.5G - ubiquitous roaming among 3G and
WLANY systems

It is assumed that a “higher” mobile subscription
has interworking access to “lower” mobile sub-

Penetration/year 2005 2010  Saturation
Subscribers 81 90 95
Subscriptions 100 120 130

scriptions. 3G have for example possibilities to
interwork with 2G and 2.5G. The system genera-
tion 3.5G is in fact an UMTS subscription which
also has WLAN possibilities. The TONIC Pro-
ject has developed a set of forecasting models
based on extracted external information and on
members’ expertise for the establishment of
basic assumptions. The results of this work are
inputs to the forecasting models.

The demand models and tariff predictions serve
as important input to business cases I and II.

5.1 Data Sources and Modelling
Information has been collected from different
consultancy reports. The three most important
reports are from Strategy Analytics [24],
Analysys [25] and OVUM [26]. In addition the
TONIC project partners have collected up-to-
date information about mobile penetration,
demographic data and ARPU levels.

As for the fixed network, a four parameter logis-
tic model has been applied to the forecasts. The
saturation level in the model has been estimated
based on the number of mobile subscribers and
subscriptions. The other parameters in the model
are estimated based on historical data and also
some expert evaluations.

5.2 Western European Mobile Market
Forecast
The statistics show that the 2G subscribers have
increased from about 15 % to 70 % during the
period 1997 — 2001. One important driver the
last years is the prepaid subscriptions, which
constitute a significant part. Based on evaluation
from the TONIC project and external consultant
reports, assumptions of average mobile penetra-
tion for Western Europe are assumed, see Table 2.

A four parameter Logistic model is used to gen-
erate penetration rates from 1997 to 2010, as
shown in Figure 21.

The total subscriber penetration in Western
Europe is split into four mobile system genera-
tions, namely 2G, 2.5G, 3G and 3.5G. Assump-
tions about the relative market share for each of
the systems were discussed and adopted. We
assume that the share of 2G is decreasing to 2 %
in 2010, while the respective shares at that time
will be 28 % for 2.5G, 37 % for 3G and 33 % for
3.5G. Our assumptions for 3G taking off in 2003
are based on the fact that the initial horizon of
early 2002 today appears ambitious, and most
operators admit to at least a 6—12 months’ delay.

4) Based on the technical architecture developed within the IST-MIND project (WLAN is Hiperlan2).
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Based on the assumptions for the evolution of
the total subscriber penetration combined with
the assumptions regarding each of the mobile
systems, we have calculated the penetration fore-
cast for the four different mobile generations.
These penetrations are shown in Figure 23.

We can see that the predicted subscriber penetra-
tion levels for 2G and 2.5G systems are equal in
year 2004/2005. 3G subscriber penetration is

3 % in 2003, increasing to about 33 % in 2010.
3.5G subscriber penetration will reach almost

30 % in 2010.

Figure 24 shows subscription penetration for dif-
ferent mobile systems based on assumptions in
Table 1 and the evolution of market shares given
in Table 2. It is assumed that mobile subscribers
will have more than one mobile subscription.

We see that total mobile subscription penetration
will reach 120 % in 2010. 2.5G subscriptions
will reach almost 40 % in 2010. 3G subscription
penetration is almost 4 % in 2003, increasing to
40 % in 2010. 3.5G subscriptions will increase
from 1 % in 2005 to nearly 40 % in 2010.

5.3 European Public WLAN Access
in Hot-Spot Areas
The number of hot-spot locations that will be
WLAN-enabled is one of the critical uncertain-
ties for the 3.5G subscriber forecasts. Analysys
have based their forecasts on the assumption that
property owners will react positively to the ser-
vice propositions currently being in place by
operators and that roaming arrangements be-
tween public WLAN operators will emerge from
2002 onwards. Analysys have estimated the roll-
out in hot spots by considering the number of po-
tential locations by type illustrated in Figure 25.

If these assumptions are correct, the number of
hot spots with WLAN access will reach over
90,000 locations across Europe by 2006. Figure
25 shows that the overall value of the market is
likely to be highly sensitive to the ability of ser-
vice providers to persuade the owners of cafés,
restaurants and hotels to host public WLAN ser-
vices.

5.4 Mobile Forecast for Each
Country Group

5.4.1 Nordic Countries
The Nordic country group is represented by Fin-
land and Norway.

The mobile evolution in Finland and Norway is
rather similar. For a long time Finland has been
the country with the highest mobile penetration.
In the same period Norway has been among the
top three. Because of heavy sale of prepaid
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Figure 26 Market share
evolution of mobile system
generations

Figure 27 Mobile penetration
forecasts for the Nordic
country group

Figure 28 Market share
evolution of mobile system
generations

Figure 29 Mobile penetration
forecasts

Figure 30 Market share
evolution of mobile systems
generations

30

120
100
80
60
40

Market share (%

20

Market share evolution

— 2G

3G

Mobile user penetration forecasts

100

Penetration (%)
A2 O o
o o o

n
o

0
1998 2001

Market share (%)
D
o

1998 2000 2002 2004 2006 2008 2010

2002 2004 2006 2008 2010

Market share evolution

— 2G
— 25G
3G
3.5G

Mobile user penetration forecasts

100

S [ o]
o o o

Penetration (%)

n
o

0
1998 2001

120
100
80
60
40

Market share (%

20

0
1998 2000 2002 2004 2006 2008 2010

2002 2004 2006 2008 2010

Market share evolution

— 2G
— 25G
3G
3.5G

— 25G

3.5G

\

0
1998 2000 2002 2004 2006 2008 2010

mobile card the mobile penetration starts to be
more even in several European countries.

The number of inhabitants in the two countries is
5.16 mill and 4.45 mill, respectively, while GDP
per capita is about 27,000 Euro and 38,000 Euro.
At the end of 2001 the mobile penetration was
80 % in both Finland and Norway.

Figure 26 shows the market share evolution of
mobile system generations for Nordic countries.

Figure 27 shows that the 2G penetrations in
2010 is 0 %, while 2.5G are 25 % and 3.5G is
37 %. The market share is multiplied by the total
mobile penetration forecasts for the Nordic
countries.

5.4.2 Large Central European Country
(France, Germany and UK)
France, Germany and UK represent the large
Central European country group. The number of
inhabitants in the three countries is 59 mill., 82
mill., and 59 mill., respectively, while GDP per
capita is about 27,000 Euro, 28,000 Euro and
24,000 Euro. At the end of 2001 the mobile pen-
etration was 58 % in France, 67 % in Germany
and about 75 % in the UK. It is assumed that the
mobile evolution for the large Central European
countries is close to the evolution for Western
Europe.

Figure 28 shows the market share evolution of
mobile system generations for large Central
European countries. The figure shows that the
2G penetrations in 2010 is 0 %, while 2.5G is
30 % and 3.5G is 33 %. The market share is
multiplied by the total mobile penetration fore-
casts for the Nordic countries. The results are
shown in Figure 29.

5.4.3 Southern European Country
(Portugal and Greece)
The Southern European country group is repre-
sented by Greece and Portugal. The mobile evo-
lution in Greece and Portugal has increased very
significantly during recent years. At the end of
2001 the mobile penetration was 70 % in Greece
and 79 % in Portugal. The number of inhabitants
in the two countries is 10.9 mill and 10.4 mill,
respectively, while GDP per capita is about
27,000 Euro and 38,000 Euro.

Figure 30 shows the market share evolution of
mobile system generations for the Southern
European country group.

Figure 31 shows that the 2G penetrations in
2010 is 5 %, while 2.5G is 33 % and 3.5G is

25 %. The market share is multiplied by the total
mobile penetration forecasts for the Southern
European country group. The results are shown
in Figure 31.
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6 Conclusions

An overview of broadband forecasting models
used during the last eight years in a portfolio of
techno-economic projects supported by the
European Commission has been presented.

The forecasts have mainly been based on expert
surveys, especially Delphi surveys, before the
broadband services were offered. Also diffusion
models are used based on results from Delphi
surveys and historical demand data. Table 3
gives a comparison of broadband penetration
forecasts for Western Europe in 2005. The table
shows that the forecasts are mainly on the same
level. One exception is the forecasts done in
1994. However, at that time much higher annual
tariffs on broadband were expected compared to
what we see today. The main conclusion is that
the long term forecasting models used seem to
give rather good results. If the flat rate tariff
regime is changed during the next years because
of heavy traffic in the core network, it may be
possible that a level of 20 % penetration will be
more probable for year 2005.

The paper presents a methodology to forecast
broadband penetration based on migration
between the competing broadband technologies
ADSL, VDSL, HFC (cable modem) and fixed
wireless broadband.

The TONIC forecasts show that DSL access
technology within a short time will be the domi-
nating technology in Europe. The situation in
Europe is different from North America where
forecasts show that cable modem technology
based on HFC during the next years will still
have more than 50 % of the market. Fixed wire-
less broadband access based on technologies
like LMDS are for the moment rather expensive.

Demand forecasts for different mobile technolo-
gies for Western European countries are pre-
sented. The forecasts are established for three
different groups of Western European countries.
The following mobile system “generations” have
been considered:

e 2G  —digital mobile systems such as GSM

* 25G —HSCSD, GPRS, EDGE

e 3G -UMTS

* 3.5G - ubiquitous roaming among 3G and
WLAN?) systems

The predicted Western European subscriber pen-
etration levels for 2G and 2.5G systems are
equal in year 2004/2005. 3G-subscriber penetra-
tion is 3 % in 2003, increasing to about 33 % in
2010. WLAN subscriber penetration is predicted
to reach almost 30 % in 2010.

Penetration (%)

Mobile user penetration forecasts

0
1998 2001

2002 2004 2006 2008 2010
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The paper gives an averview of the relevant broadband technologies, describes their market positions
and possibilities. Diffusion models are used to make long-term broadband forecasts for the Western
European residential market. The forecasts are separated for the main broadband technologies ADSL,
ADSL2+/VDSL, Cable modem and other technologies (FTTx, BWA) based on market share predictions
for each technology. The long-term forecasts are evaluated and compared with other broadband

forecasts for the Western European market.

1 Introduction
In 2004 the Norwegian Government gave the follow-
ing statement on broadband:

The Government looks at deployment of the broad-
band network as establishment of a national infra-
structure, which during the coming years will be as
important for evolution of modern Norway as the
telephone network, power line network, railway
network, roads, water and sewage network earlier
have been for the Norwegian Society.

The same statement applies also to other countries.
The broadband network provides new possibilities
and advantages for the business and public sector by
giving access to an advanced high capacity electronic
infrastructure. The technology and the network will
be a fundament for application of information tech-
nology, for innovation, rationalisation and value
creation. In addition broadband will change the be-
haviour of households in the private sector signifi-
cantly over the next years.

The broadband network is the last step of the evolu-
tionary part of the telecommunication network start-
ing with telegraph, telephone, telex, fax, low capacity
data network (packet and circuit switched), Nordic
mobile systems, GSM, GPRS, Internet and leased
lines.

The broadband networks in North America and West-
ern Europe were mainly established just before 2000.
During the first two years the HFC technology

was dominant in both areas, but in most countries

of Western Europe, DSL has now taken over as the
leading technology.

Still there are many challenges for rolling out broad-
band. A lot of different broadband technologies are
available. In most countries a lot of competitors are
involved in the market. Regulatory bodies have
opened the broadband market by introduction of
Local Loop Unbundling (LLU) giving other operators

the possibility to lease the incumbent’s copper pair.
Nowadays the regulatory bodies examine the market
to check if the incumbent has Significant Market
Power (SMP) and will in that case use some regulat-
ing tools to reduce the incumbent’s market position.
The main actors in the broadband market are: incum-
bents, operators owning different types of infrastruc-
ture (fibre, radio, twisted copper), virtual operators,
energy companies, wholesalers, Internet Service
Providers (ISP), service providers, manufactures,
vendors.

To be able to make the right decisions in this very
dynamic market, it is vital to make broadband fore-
casts. This paper concentrates on long-term broad-
band forecasts, which are used for project invest-
ments and investments for establishment of broad-
band technology platforms.

During a period of 12 years (1992 — 2004) long-term
forecasts have been developed as part of techno-eco-
nomic broadband assessments for analysing various
broadband technologies through the European pro-
grams RACE, ACTS and IST, by the projects RACE
2087/TITAN, AC 226/OPTIMUM, AC364/TERA
and IST-2000-25172 TONIC financed by the Euro-
pean Commission. This paper documents broadband
forecast modelling performed by the CELTIC project
Ecosys.

2 Making long-term broadband
forecasts
10 — 20 years ago it was much more straightfoward
to make forecasts in the telecom market. In Europe,
it was limited competition and the incumbents were
controlling the market. There were only a few ser-
vices available and a limited number of technologies
and networks, and the telecommunication demand
time series were rather stable and regular. At that
time it was easier to apply advanced economic and
mathematical/statistical models for long-term fore-
casts.
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This paper will describe the methods developed to
forecast the long-term demand for broadband access.
In order to make the forecasts, it is necessary to have
an overview of the relevant broadband technologies
and understand the strengths and weaknesses of each
technology. The paper gives an overview of alterna-
tive technologies and shows the variety and the com-
plexity of technologies.

It is of course important to sample the historical evo-
lution of the demand for each technology and analyse
the data. However, when long-term forecasts are
modelled, it is also important to have a good under-
standing of the abilities of each new technology. The
paper shows that techno-economic analysis of the rel-
evant technologies is crucial for evaluating the long-
term potential of the technologies. In ([2], [10], [17],
[19], [22], [27], [28]) techno-economic analysis of
broadband technologies is a substantial part of the
forecast modelling.

An important part of the techno-economic analysis is
the forecasting models for cost predictions of network
components and technologies [1].

The position of the dominating broadband technolo-
gies is influenced by the supply side because mass
production generates low production costs and low
tariffs for the subscribers for having a useful business
case. The rollout and coverage of the various tech-
nologies are also of great importance. Finally, the rest
market, which cannot be covered by the dominating
technologies, gives possibilities for alternative tech-

3 Broadband technologies
In the early 1990s the following capacity classifica-
tions were recommended:

e Narrowband: [ — 128 kb/s]
e Wideband: < 128 kb/s —2 Mb/s>
e Broadband: [2 Mb/s - 1

However, the concept wideband has disappeared and
broadband is now defined as capacities larger than
ISDN. During the last few years a lot of new broad-
band technologies have been developed. Figure 3.1
gives an overview of various broadband technologies.

The first platform for mobile communications was
established when the Nordic countries in 1980 intro-
duced the Nordic Mobile Telephone System (NMT).
In 1993, the second generation (2G) mobile system,
GSM, was established in Europe. Later, GPRS with
the possibility for data communication was intro-
duced, and recently an enhancement of GPRS —
EDGE - offering even larger access capacity.
Recently the third generation mobile system (3G),
UMTS — WCDMA, has started the rollout in many
countries opening for much higher bandwidth in the
access. It is well known that license auctions in many
countries of Western Europe generated extremely
high costs for many mobile operators. The Nordic
countries held a “beauty contest” and managed to
keep the license fees on a normal level. New mobile
technologies with considerably higher capacity are
being developed. One of them, the High Speed
Downlink Packet Access (HSDPA) is a relevant

nologies. future mobile technology.
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Figure 3.1 Different broadband technologies
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Parallel to the mobile and fixed network broadband
evolution, new technologies have been developed for
nomadic applications. WLAN has been introduced on
a lot of hot spots, like gas stations, airports, railway
stations, hotels, cafés, bars, restaurants, etc. In addi-
tion new technologies for fixed broadband radio
transmission like WiFi, WiMax are under way. The
hot spots are also called IP zones since they use the
IP network as a backbone network for the broadband
traffic.

Local Multipoint Distribution System (LMDS), WiFi
and WiMax are fixed wireless broadband access
systems for the fixed network. LMDS was already
four years ago a promising broadband technology.
However, the system did not succeed, because of

too expensive components and too low production
volumes. The new fixed wireless broadband access
systems (WiFi and WiMax) are now in a similar posi-
tion. Especially WiMax has the possibility either to
give high capacity or to have a long reach. The sys-
tem may be an interesting technology in areas

not covered by DSL technology.

The Direct To the Home satellite solution (DTH) also
give possibilities for broadband communication.
However, the number of satellites and the transpon-
der capacity are limited. In addition, the signals inter-
face and return unit are too expensive for the residen-
tial market. Hence, the potential for the systems will
be part of the business market, which so far is not
covered by cheaper broadband technologies.

The Digital Terrestrial Television network (DTT)
constitutes a broadband alternative. The local tele-
vision masts can be used for downlink broadband
transmission. In Norway, Bgmlo has been established
as a pilot area for the system. The downlink is using
a dedicated frequency on the DTT system while the
return channel is ISDN or GPRS on the mobile.
Within some time a dedicated frequency on the DTT
for the return channel will be specified.

Another business concept was the balloon sky station.
The plan was to place balloons in the air to cover
large populated areas. The capacity would be rela-
tively higher than for satellites, but the maintenance
cost is large and uncertain.

Another interesting broadband technology is the
power line technology (PLC). The concept of trans-
mitting broadband signals through the power lines
has high revenue potential, especially for the power
line companies. So far the technology has generated
too high radiation effects, and specific improvements
are necessary to have a new competitive broadband
technology. The European Commission is now sup-
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porting the PLC technology, trying to generate heav-
ier competition in the European broadband market.
However, there are still uncertainties regarding the
future radiation effect of these systems.

Countries like Norway and Germany have a very
high ISDN penetration, Norway probably the highest
ISDN penetration in the whole world. The ISDN net-
work has the possibility to transfer broadband traffic.
Telenor introduced in 2004 the service NXISDN with
the possibility to use more than one twisted copper
pair. The service called SMAKS offers up to 256 kb/s
as a flat rate service (no traffic charge), which covers
100 % of Norway. The service is offered only in the
business market, since the monthly tariff is rather
high.

Because of increased capacity demand, an extensive
part of the transport networks in Europe are covered
by fibre. Fibre is also deployed in some parts of the
access network. In many access areas fibre rings with
service connection points have substituted parts of the
conventional copper tree structure. New operators are
entering the broadband market and deploy their own
fibre infrastructure in parallel with the incumbent.
Some operators have installed Fibre To The Home
(FTTH) and Fibre To The Building (FTTB) with in-
house Ethernet solutions. Especially in Sweden,
FTTB have been deployed extensively to large build-
ing complexes. FTTH — fibre to individual houses is
much more expensive, because of digging and civil
work expenses. The solutions offer the triple play
concept for TV, Internet and telephony at the same
time. So far the fibre technology has potential to catch

Figure 3.2 Physical network structures for some important broadband

services
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medium and large size companies, which already
need high broadband capacity. Further, the FTTB is

a competing broadband technology in dense access
areas where fibre is deployed to large building com-
plexes. Another technology is Fibre To The Curb
(FTTC) where fibre is deployed deeper in the access
network. The deployment strategy for green field
areas is usually to deploy tubes with the possibility

to install fibre for future demand for both the business
and the residential market. The fibre solutions will be
even more competitive in the future with significantly
increasing capacity demand.

The Passive Optical Network (PON) solutions do not
offer a subscriber access, but represent alternative
broadband technology for transmitting the traffic in
the access network. In the future also Coarse WDM
(CWDM) systems can be used in the same way.

The Hybrid Fibre Coax (HFC) system, also denoted
cable modem, was the first real broadband technol-
ogy to be established in the residential market. The
technology is still the dominating one in North Amer-
ica but has lost its position to the DSL technology in
Europe. The system uses parts of the traditional cable
television network by splitting the network into sepa-
rate small islands with cable tree structure, which are
connected with a fibre droop from the head end to the
separate coax islands. A return channel is also estab-
lished.

Finally, the Digital Subscriber Line (DSL) utilising
the traditional twisted pair, is the broadband technol-
ogy with the highest market share on a worldwide
scale. There is a set of different DSL technologies
which are continuously evolving. There are some
important factors to bear in mind regarding the DSL
technology:

1 The broadband access could be symmetric
(SHDSL) or asymmetric (ADSL)

2 The access capacity decreases with the length of
the subscriber line

3 The access capacity increases with the copper
diameter

4 The signal to noise proportion increases with the
electrical power on the suscriber line

5 New coding is used to improve the signal to noise
proportion. The system is called rate adaptive
system or READSL

6 The access capacity or the subscriber line length
can be increased by doubling the frequency (from

1.1 MHz to 2.2 MHz). The new technology is
called ADSL2+.

7 Further increase of the frequency is utilised with
VDSL and long range VDSL.

8 ITU develops recommendations for frequency
plans for the various DSL technologies to mini-
mize the noise and cross talk on the copper
bundles.

9 New electrical power plans for dedicated copper
lines improve the capacity and line length of the
other copper lines in the bundle.

10 Dynamic Spectrum Management (DSM) is ex-
pected to offer a significant performance improve-
ment of the DSL technology. The system is based
on establishment of a control centre, which
dynamically allocates spectrum sizes to each
copper line depending on the signal to noise pro-
portion. See the paper in this journal “Dynamic
Spectrum management — a methodology for pro-
viding significantly higher broadband capacity
to the users” [6].

11 Usually both households and businesses have a
set of twisted pairs as broadband connection. It
is possible to use more than one twisted pair by
using the concept of wire bonding in order to
increase both capacity and line length for the
customer.

Figure 3.3 illustrates the possibilities with different
DSL technology.

In [7] in this journal there is a comprehensive
description of the evolution towards the next broad-
band network platform. The paper addresses major
trends and technology development in networking,
which is of crucial importance for making good
broadband technology forecasts.

So far the DSL technologies for the residential mar-
ket are dived into two main groups regarding down-
stream capacity:

e ADSL class
e ADSL2+/VDSL class

It is assumed that ADSL has a downstream capacity
of up to 8 Mb/s with ADSL2+/VDSL from 10 Mb/s
upward. A new procedure is now going to be imple-
mented. It is called dynamic bandwidth control giv-
ing the subscriber the possibility to choose the needed
bandwidth at the right time. Anyhow, it is important

Telektronikk 4.2004



to plan the demand for low and high access capacity
when the broadband network is dimensioned.

The most important broadband technologies are:

e ADSL

e ADSL2+/VDSL

e HFC (Cable modem)
e FTTH/FTTB

e  WLAN/WiFi/WiMax

In this paper it is assumed that broadband traffic on
mobile terminals and fixed network PCs mainly com-
plement each other. In addition it is assumed that
fixed wireless broadband access systems are relevant
alternatives for covering sparsely populated areas and
also supplements for nomadic movements.

The ability and the possibilities of the different tech-
nologies have been analysed in [23], [29], [33], [34],
[35], [38].

4 Broadband rollout

The broadband rollout has a crucial impact on the
broadband penetration. To be able to evaluate the
penetration, we need to know the broadband cover-
age of the country. Suppose that the rollout at time ¢
gives the broadband coverage C;, and that the pene-
tration at that time is P,. Take rate is the proportion
between demand and coverage in an area. A Country
consists of a set of areas where broadband is rolled
out and a set of areas without any broadband avail-
ability. Let the take rate at time ¢ be T;. Then

P =T,C,

The above equation tells us that the penetration
depends on the broadband take rate, which reflects
the genuine demand based on the broadband applica-
tion availability, the broadband tariffs, the service
quality, etc. This is commented on in more detail later
in this paper. In addition the penetration is dependent
on broadband coverage.

The same relation is valid not only for the total
broadband penetration, but also for the penetration of
different broadband technologies. Figure 4.1 shows
the European mean coverage for DSL and HFC
(Cable modem) respectively, distributed on urban,
suburban and rural areas.

— Masked
ADSL2+

Mbps (Bownstream)

Figure 3.3 Downstream capacity and line length possibilities for

various DSL technologies

e Suburban areas: areas with population density
between 100 and 500 inhabi-
tants/km?

¢ Rural areas: areas with population density

less than 100 inhabitants/km?2

The figure shows that the DSL coverage in Europe
is much higher than the HFC coverage, which also
reflects the penetrations of the two most dominating
technologies in Europe.

The figure also shows that HFC has a limited cover-
age in sparsely populated areas. The reason is the
original coverage of cable TV networks in Europe.
The cable television networks were mainly deployed
in dense areas, because deployment in urban areas
was rarely cost-effective. Hence, there are definite
limitations of the potential for HFC in Europe
because of cable TV coverage. Techno-economic
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The areas are defined as: National Urban Suburban Rural

e Urban areas: areas with population density
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Figure 4.1 DSL and Cable modem coverage in urban, suburban and
rural areas in Western Europe (EC: Connecting Europe at High Speed.:
National Broadband Strategies Dec 2003[13], IDATE)
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calculations show that further expansion of cable TV
networks is not a good business case. One important
reason is the possibility for the households to buy
small dishes and subscribe via a DTH satellite opera-
tor like Viasat or Canal Digital instead of connecting
an expensive expansion of a cable TV network.
Therefore, the expansion of the HFC coverage will
only be performed by upgrading the established cable
TV infrastructure to two-way broadband and not by
expanding the original network.

A conclusion is that the rollout plans and the rollout
possibilities for different broadband technologies are
important factors for future broadband coverage and
for the broadband penetration forecasts.

5 The broadband rest market

The European Commission and also Governments in
the European countries are following the broadband
deployment very closely. The reasons are all the ben-
efits broadband communication and the broadband
network create for society. Broadband supports the
ICT evolution and generates innovation, rationalisa-
tion, new working possibilities and additional value
for households and companies. Therefore, the Com-
mission and the national Governments support the
broadband deployment and also give economic assis-
tance and advice for rolling out the broadband net-
work. In countries like Sweden and Canada, the Gov-
ernments have given substantial economic support to
the broadband deployment. Other countries rely on

a more market driven broadband rollout where the
actors and operators take care of the deployment. At
this stage of the rollout part of the traditional market
and the rest market are the last parts to be covered.

The broadband rest market in European terms is usu-
ally defined as the coverage which cannot be realised
cost efficiently by the DSL technology. This is a dif-
ficult issue, since the size of the rest market continu-
ously changes because of improvements of the DSL
technology. 2 — 3 years ago the rest market was a
rather significant part. In Norway the size of the rest
market at that time was estimated to be about 25 %.
However, mini DSLAMs (very small DSLAMs) were
developed, reducing the rest market significantly.
Further improvement of the DSL technology is
expected, which will limit the rest market even more.

The DSL rest market is limited by the size of the
access area and also by the length of the copper line.
The number of subscribers in an access area must
exceed a limit in order to get a DSLAM in the area.
In addition, the line length must not exceed a given
length in order to offer a subscriber a DSL access.

More extensive analysis of broadband technologies
and rollout in rural areas and in the rest market is
found in [13], [16], [26], [36].

Where DSL technology is not relevant, other broad-
band technologies will be installed to offer broadband
in the rest market. Relevant technologies are:

e WiFi
¢ WiMAX
DTT (digital terrestrial television network)

6 Techno-economic assessments
The long-term broadband forecasts are based on
results from techno-economic calculations.

The techno-economic calculations evaluate the “eco-
nomic value”, i.e. expressed by net present value or
pay back period of rollout of different broadband
technologies. The assessments have been carried out
for rollout on a national level and on specific areas
like urban, suburban, rural and especially the rest
market to examine the potential of the different
broadband technologies.

The main results from the techno-economic calcula-
tions show that it is difficult for new broadband tech-
nologies to capture significant market share in areas
where cable modem and/or DSL are already
deployed. The reason is low subscription prices for
the established technologies, which is explained by
large mass production on a worldwide basis.

The potential for the upcoming technologies will be
in market segments which are sparsely populated and
not covered by cable modem or DSL. Even expensive
wireless broadband access systems may be offered to
the business market in these areas.

There is a close link between techno-economic cal-
culations and the broadband forecasts. To be able

to perform the techno-economic calculations, it is
important to use the forecasts as input. An evaluation
of the technologies is then carried out. The next step
is to adjust the forecasts for different technologies
and perform new techno-economic calculations. This
process is continued until the results are quite stable.

To be able to carry out these calculations, a very
advanced techno-economic tool is needed.

Within the European programs RACE, ACTS and
IST, the projects RACE 2087/TITAN, AC 226/OPTI-
MUM, AC364/TERA and IST-2000-25172 TONIC
have in the 1992 — 2003 period, developed a method-
ology and a tool for calculating the overall financial
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budget of any access architecture. The tool handles
the discount system costs, operations, maintenance
costs, life cycle costs, net present value (NPV) and
internal rate of return (IRR). The tool has the ability
to combine low level, detailed network parameters of
significant strategic relevance with high level, overall
strategic parameters for performing evaluation of var-
ious network architectures. In [43] are found more
detailed descriptions of techno-economic modelling
and the tool.

Telecommunication demand forecasts are input to
the tool and to the techno-economic calculations. The
Tonic tool is widely used to analyse economic conse-
quences of implementing new network platforms.
Important parts of the tool are:

e Service definitions

e Subscription and traffic forecasts

e Service tariff predictions

e Revenue model

e A topology model mapping geographic areas with
given penetrations into the tool

e Network component cost data base including
more than 300 network components

e Network component cost prediction model

e Investment model

e Operation and maintenance model

*  Model for economic calculations

e Risk analysis model

The following steps are needed in the techno-eco-
nomic evaluations of the network solutions:

The services to be provided must be specified. The
market penetration of these services over the study
period will be defined. The services have associated
tariffs. From the combination of yearly market
demand forecasts and ARPU predictions the tool
calculates the revenues for each year for the selected
service set.

Next, the architecture scenarios to provide the
selected service set must be defined. This requires
network planning expertise for design of the network
and the relevant network components. However, the
tool includes several geometric models facilitating
the network planning by automatically calculating
lengths of cables and ducting. These geometric mod-
els are optional parts of the methodology and the
techno-economic tool can be used without them. The
result of the architecture scenario is a so-called shop-
ping list. This list contains the volumes of all network
cost elements (equipment, cables, cabinets, ducting,
installation etc.) for each year of the study period and
the location of these network components in different
flexibility points and link levels.
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The costs of the network components are calculated
using an integrated cost database containing data
gathered from many European sources. Architecture
scenarios together with the cost database give the
Capital Expenditure (CAPEX) for each year.

The tool contains a forecasting module for cost pre-
dictions of network components. The module in-
cludes extended learning curve forecasts, which are
based on worldwide mass production as an important
explanatory variable. See the paper “Models for fore-
casting cost evolution of components and technolo-
gies” [1] in this issue.

In addition Operational Costs (OPEX) is calculated
based on operations and maintenance parameters for
the component and the maintenance system. The
OPEX costs are divided into different components,
such as cost of repair parts including civil work and
operations and administration costs. Typically the
OPEX are driven by services, say by number of cus-
tomers and number of critical network elements.

CAPEX costs together with the OPEX costs give the
life-cycle costs of the selected architecture scenario.
Finally, by combining service revenues, investments,
operating costs and general economic inputs (e.g. dis-
count rate, tax rate), cash flows and other economic
factors the NPV, IRR, Payback period etc are calcu-
lated. The methodology is described in more detail

in [43].

New mobile systems have been examined by techno-
economic analysis regarding market opportunities
and rollout strategies ([20], [31], [32], [39]).

7 Broadband penetration status

Data sources

Broadband information has been gathered from a lot
of different sources. Project partners in the CELTIC
project Ecosys have collected up-to-date data from
the broadband evolution. Other important sources
have been consultant reports from Point topic [9],
OVUM [11], Jupiter [14], Forrester [18] and a set of
reports from the European Commission ([12], [15],
[21]). It has been difficult to use the forecasts from
the consultant reports because the main part of the
reports underestimates the expected broadband evolu-
tion. One exception is however the last report from
OVUM.

An evaluation of the broadband reports from the con-
sultant companies from the 2000 — 2004 period is the
continuous underestimation of the expected broad-
band evolution in Western Europe. During the first
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part of the period the DSL technology was signifi-
cantly underestimated because the first forecasts
probably took to much account of the HFC broad-
band evolution in North America.

Parallel broadband forecasts have been developed
independently through the European programs
RACE, ACTS and IST, by the projects RACE
2087/TITAN, AC 226/OPTIMUM, AC364/TERA
and IST-2000-25172 TONIC financed by the Euro-
pean Commission. This paper documents broadband
modelling performed in the CELTIC project Ecosys.

In the TONIC project broadband forecasts were mod-
elled and presented in two deliverables (Western
Europe, 2001) [40] and (Country groups, Western
Europe, 2002) [30]. These forecasts have been devel-
oped based on principles shown in this paper. These
forecasts are significantly higher than all forecasts
developed by consultant companies in the period
2001 —2003. Next section shows that there is a very
high growth in the broadband penetration in 2004,
which clearly indicates significantly higher penetra-
tions than what was expected by the consultant com-
panies.

Broadband status

Updated broadband statistics from Point topic from
Q4 2003 (ultimo 2003) to Q1 2004 (first quarter
2004) and Q2 (second quarter 2004) are presented in
this section [9]. The broadband demand status of all

Total
UK

Switzeran cf I
Sweden |
Sip i

Portugal I

Western European countries is shown. The statistics
include the sum of the business market and the resi-
dential market. The next chapters present forecasts
for the residential market only. In addition the statis-
tics cover DSL and Cable modem, but not other
broadband technologies. The reason for using Point
topic statistics is that the statistics are updated with
Q2 2004 data.

The broadband penetration relative to the number of
households from end 2003 to the first half of 2004
for all countries in Europe is shown in Figure 7.1.

The figure shows that Denmark, Netherlands,
Switzerland and Belgium are in front, while runners
up are Iceland, Norway, Sweden and Portugal. How-
ever, during the last year Sweden has lost her position
as one of the top three broadband countries in West-
ern Europe. The large countries France, Germany,
Italy and UK have a penetration of about 15 % in the
first quarter of 2004. However, Germany is now los-
ing her position, in spite of an aggressive DSL rollout
the first years. France and Italy have a significant
growth and also a hard competition among the broad-
band operators.

The mean penetration, sum business and residential
market for the Western European countries was

14.5 % at the end of 2003 and 17.1 % after Q1 2004.
Second quarter 2004 the penetration is 18.9 % — an
increase of 4.4 % in six months. The mean penetra-
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Figure 7.1 Broadband penetration (DSL and cable modem) as sum of residential and business accesses

04 2003 — Q2 2004 for Western European countries
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Figure 7.2 Broadband penetration (DSL and Cable modem) growth as sum of residential and business
accesses from Q4 2003 to Q2 2004 for Western European countries

tion for the Western European residential market was
11.4 % at the end of 2003. Hence, 3.1 % of the pene-
tration is caused by the business market, which con-
stitutes a market share of about 22 %. The business
market has a faster growth than the residential mar-
ket. Q2 2004 penetration data for the pure residential
market, Western Europe, is not available at the
moment. Based on the given market share, the resi-
dential penetration (DSL + Cable modem) is esti-
mated at 15.0 % medio 2004. Penetrations by other
technologies have to be added. At the end of 2003,
the broadband penetration of other technologies in the
residential market was 0.2 %.

The half-year broadband penetration growth, Q4
2003 to Q2 2004 for sum residential and business
market for the West European countries is shown in
Figure 7.2. The figure shows that Portugal, Denmark,
Netherlands, Switzerland, France, and Norway had a
very significant broadband growth during the first six
months of 2004.

The mean growth in broadband penetration among
countries in Western Europe from Q4 2003 to Q2
2004 for the sum of residential and business access is
4.44 % measured per households. The adjusted quar-
terly growth for the residential market is 3.5 %. If the
broadband market evolve with the same speed the
rest of the year, the yearly growth of the residential
market is estimated to be 7.0 %.
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8 Broadband technology forecasts

Drivers for broadband evolution

Important drivers in the broadband market are of
course the applications. The evolution of applications
generates continuously higher broadband penetration.
The evolution of narrowband Internet is an important
part of the picture. Now, a significant part of these
subscribers are converting to broadband each year.
Another important factor is the PC penetration. The
PCs are broadband terminals and until now, the
broadband subscribers need a PC. In Norway the PC
penetration is about 80 %. However, in some Euro-
pean countries the PC penetration is low and may

be a barrier for the broadband evolution. Figure 8.1
shows the PC penetration in some OECD countries.

One important aspect is the distribution of broadband
content. Interesting applications are: Streaming,
Surfing, Peer-to-Peer, Music-on-demand, Video-on-
demand, Games, eLearning, Electronic newspapers,
Electronic books, Gambling, Broadcasting, etc. The
operators and service providers are also bundling the
services. The HFC and FTTx operators offer triple

play.

Other important drivers are national objectives for
offering schools, community centres, libraries, etc.
high speed broadband. In the national communication
plan for Norway, eNorge2005, all schools shall have
minimum 2 — 10 Mbit/s broadband access by 2005.
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ICTs, 2002) [21]

Larger schools shall have minimum 10 — 100 Mbit/s
connections. In addition the Government is monitor-
ing the broadband coverage very carefully. Some
Governments in Western Europe may follow Sweden
and Canada, who have supported the broadband roll-
out with significant investment means. If the broad-
band rollout in the rest market is too slow, public
means may be used to support broadband deployment
in these areas.

Another very interesting broadband driver is voice
over IP (VoIP). Since broadband access gives the
possibility for voice communication, different players
are establishing IP-based voice communication on the
broadband accesses. Several operators with large core
networks, like the incumbents, are developing VoIP
with high service quality. Other players in the broad-
band market establish VoIP services without invest-
ing in their own infrastructure. Telio was the com-
pany in Norway who offered VoIP without their own
infrastructure.

Broadband classification of technologies
for the residential market

The broadband technologies are described in chapter
3. For the residential market the technologies are
divided into four main groups:

e ADSL

e ADSL2+/VDSL

e (Cable modem (HFC)
e Other technologies

Other technologies are mainly: Fixed wireless broad-
band access systems (FWA), Fibre to the home, Fibre

to the building systems, Power line systems, Direct
to the home satellite with return channel, and Digital
terrestrial television systems.

Broadband technology modelling

The broadband forecasts for the different technolo-
gies are modelled by beginning with the broadband
penetration forecasts development for the total broad-
band demand in the Western European residential
market. Based on experience from the last few years,
diffusion type models have proved to have the best
abilities for long-term forecast modelling. A discus-
sion on the forecasts is found in the last chapter of
this paper. Also Technology Future Inc. uses diffu-
sion type models for long-term technology forecasts.
See [5] in this journal. In [5] and [12] it is shown that
the aggregated long-term demand for a set of infor-
mation and telecommunication services, ICT, in the
household segment has a diffusion pattern. [25] gives
an overview of different diffusion models used to
model telecommunication demand. In this analysis a
four parameter Logistic model has been applied for
the long-term forecasts.

In this paper the analysis is mainly based on mean
values from the Western European market. The mod-
els will be improved by modelling the demand in
homogeneous groups of European countries. Then
more dedicated information will be used regarding
rollout speed and coverage of various technologies
for the different countries.

Predictions of market share evolution between differ-

ent broadband technologies have been developed
based on a set of Logistic forecasting models. Migra-
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tions between technologies are handled when
ADSL2+/VDSL and other broadband technologies
are catching market shares from ADSL and cable
modem. Finally, the broadband penetration forecasts
for the technologies are found by multiplying the
total forecasts with the market share forecasts for the
technologies.

Broadband coverage

The number of cable TV subscribers in 2003 was
about 55,000,000 in Western Europe. Since the roll-
out of the cable TV has become saturated, new sub-
scribers will mainly be connecting to the existing net-
works. OVUM [11] predicts about 2 % additional
cable TV subscribers per year. At the same time the
number of households increases by 0.8 % per year.
OVUM estimates that the penetration of cable TV
subscribers will increase to 36 % in 2008.

Figure 8.2 shows the cable modem and DSL coverage
in Western Europe (Dec 2003). The difference
between cable TV coverage and cable modem cover-
age is due to the heavy expenses in upgrading cable
TV networks to a two-way broadband network (HFC).
Some of the networks are rather small and some other
networks may be of poor quality and not usable for
upgrading. Therefore, the cable modem coverage will
probably not be very much higher.

On the other hand, the DSL coverage will continue to
grow. Figure 8.2 shows that the DSL mean coverage
is about 80 %, but much less in rural areas. The DSL
is deployed very intensively in Western Europe and is
going to have a coverage of more 95 % in the long
run. The limitations for coverage are too long copper
lines and/or too small local exchange areas. The pre-
dictions are estimated by using a Logistic model with
97 % saturation level. However, new technology will
probably reduce the size of this rest market. Figure
8.2 gives predictions for the DSL and cable modem
coverage.

Residential broadband penetration
forecasts for Western Europe

Figure 8.3 shows the evolution of residential broad-
band penetration from 1999 to 2003.

The figure shows that the broadband penetration evo-
lution during the first years was close to an exponen-
tial growth. The demand is expressed in percentage
of total number of households. The observations indi-
cate that Logistic models are relevant alternatives for
forecasting the penetrations.

Figure 8.4 shows the long-term Western European

residential broadband subscription forecasts. The sat-
uration level in the model has been estimated based
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Figure 8.3 Residential broadband penetration, Western Europe,
1999 — 2003

on historical data, demographics and also expert
opinion. The other parameters in the model are esti-
mated.

The figure shows fast increase in the broadband pene-
tration in Western Europe during the next years and
the point of inflexion around 2005 — 2006. The situa-
tion among countries in Western Europe is of course
very different. Greece has a very limited penetration,
while the Nordic countries and Belgium, Netherlands
and Switzerland have a very high penetration.
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Figure 8.4 Broadband penetration forecasts for residential market,
Western Europe
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Market share evolution

The market share evolution of cable modem 1999 —
2003 is shown in Figure 8.5. The figure shows that
the market share for cable modems (HFC) starts with
nearly100 % in 1999, but cable operators lost more
than 60 % of the market in the first two years. As
mentioned earlier, the cable modem market share has
decreased significantly compared with the dominat-
ing position in 1999. At that time the number of
broadband subscribers was very limited.

The cable modem market share depends on the cover-
age. Figure 8.2 shows the predicted mean coverage
for DSL and cable modem in Europe. The cable
modem penetration in the residential market was

3.1 % in Western Europe at the end of 2003. The cov-
erage was 29.0 % and the take rate 10.7 %. The DSL
penetration was 7.9 % and the coverage 79 %, which
gives a 10.0 % take rate.

The total broadband take rate in cable modem areas
is higher than the take rate in other areas. One reason
is a more intensive competition in these areas. Cable
modem areas are also rather dense areas, where
households probably have a higher willingness to pay
for broadband subscriptions. In addition the broad-
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Figure 8.5 Cable modem market share evolution in Western Europe
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Figure 8.6 Predicted market share evolution between cable modems
(HFC) and DSL + other broadband technologies
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band rollout started earlier in cable modem areas. It is
estimated that the broadband take rate at the end of
2003 is 3 % higher in cable modem areas than in
other areas. The DSL take rate at the end of 2003 in
cable modem areas is estimated at 5.3 %, while the
DSL take rate in areas without cable modem is esti-
mated at 12.7 %. In addition other technologies start
to take minor market shares.

Figure 8.6 shows the market share forecasts for cable
modem in Western Europe.

It is assumed that cable modem operators manage to
maintain their broadband position in cable modem
areas. Based on the coverage predictions until 2010
for DSL, cable modem and other technologies, the
long-term market share for cable modem is estimated
to be about 22 %.

The predicted market share evolution for cable
modem is modelled indirectly by subtracting market
share forecasts for DSL and other broadband tech-
nologies from 100 %. The market share forecasts for
DSL and other broadband technologies are modelled
by a four parameter Logistic model where the long-
term market share is set to be 100 % — 22 % =78 %.
Forecasts for the two evolutions are shown in Figure
8.6.

However, there are some uncertainties regarding the
market share forecasts. The cable operators bundle
the broadband services and the cable television ser-
vices (TV channels). Therefore, it is difficult for
other operators to compete. When ADSL2+ and
VDSL are introduced, other operators have the possi-
bility to offer cable television services based on the
multicast functionality and traditional broadband
services. New operators have the possibility to offer
triple play by offering broadband, cable television
and telephony. Thus, it may be more difficult for the
cable operators to maintain their rather dominating
position in the cable areas.

The long-term forecasts show saturation for cable
modem on a 22 % level. Even that level may be a
little bit too high for Western Europe.

Now, the question is what role the new broadband
technologies are going to play in the coming years.
The most important technologies for the residential
market are FTTB, FTTH, FWA (WiFi, WiMax) and
possibly PLC (Power Line Connections). The market
share for the new technologies has been reasonably
low in the period 2000 — 2003. The market share is
shown in Figure 8.7.
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By end 2003 there were about 375,000 FTTB/FTTH
broadband accesses in Western Europe, while the
number of FWA was about 31,000 and the PLC
accesses were about 12,000. A significant part of

the FWA accesses are business customers. The total
number of broadband households was 18,400 million
at the end of 2003.

Techno-economic calculations have shown that new
broadband technologies have problems surviving in
the broadband market. The main reason is a lack of
significant mass production possibilities. If a technol-
ogy enters the market too late, then the mass produc-
tion potential is reduced and the network components
will not be cheap enough.

The broadband penetration in the West European
market was 11.4 % at the end of 2003. In the course
of the next two years the broadband penetration is
predicted to be more than 25 %. Therefore it is cru-
cial for the upcoming new technologies to enter the
market and to catch more significant market shares
before the established technologies will be even more
dominating.

Techno-economic calculations show that it will be
extremely difficult to produce broadband solutions
with lower CAPEX and OPEX than DSL and cable
modem. The best strategy for the new technologies
is to enter the rest market before the established
broadband technologies reach this part of the market.
Because of long line length and high rollout costs
for DSL, the FWA solutions may be an alternative in
parts of the rest market. In 2010 the DSL coverage

is estimated to be about 97 %. Hence, the FWA solu-
tions should have a chance of catching the additional
3 %.

However, there is also a question of service capacity
and quality, not only a question of price. In the long
term, new demands for very large capacity will be
generated. Therefore, FTTH and FTTB and even
FTTC (Fibre To The Curb) will be attractive broad-
band solutions. Especially Sweden and Denmark are
in front in the rollout of these access solutions. Strate-
gies for fibre rollout will be:

e To deploy fibre to large building complexes

* To deploy fibre to the homes when building out
green field areas

e To renew old infrastructure because of failures

Figure 8.8 shows that the development of market
share for new broadband technologies is rather slow.
It is difficult to make forecasts for the market share
evolution even if we have some observations. The
fibre accesses will continue to evolve because of new
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Figure 8.7 Market share other broadband technologies than DSL and
cable modem

capacity demanding applications. In addition, the
market will be covered by different broadband solu-
tions because of political decisions combined with a
market driven approach.

Based on the given arguments, the market share for
the new technologies is assumed to be about 7.5 %
in 2010. A four parameter Logistic model models the
market share evolution. The market share forecasts
are shown in Figure 8.8.

The next step is to separate the DSL services ADSL,
ADSL2+ and VDSL. The DSL services are described
in detail in chapter 3. So far ADSL2+ and VDSL are
rarely introduced in the Western European access net-
works. Telenor started already in 2001 a large VDSL
trial with 700 households. During the next years
ADSL2+ and VDSL will be deployed gradually.

Techno-economic calculations show that an
ADSL2+/VDSL rollout based on cherry picking
gives fairly good business cases for the network oper-
ators. The rollout strategies are described in more
detail in the paper “rollout Strategies and Forecasts
for VDSL/ADSL2+” [3] in this journal. One indicator
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Figure 8.8 Market share forecast for DSL and other broadband
technologies
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for the evolution is the new DSLAM exchanges,
which have interfaces for both ADSL line cards and
ADSL2+ line cards. It is important to note that the
production cost of ADSL and ADSL2+ cards are at
the same level. Therefore, there will be a significant
increase in the high capacity demand for DSL. Since
there are no historical demand data, it is of course dif-
ficult to predict the future market share evolution of
ADSL2+ and VDSL. However, because of low addi-
tional production costs, especially for ADSL2+, there
will be a very significant increase in the coming years.

ADSL2+ and VDSL offer higher broadband capacity
than ADSL. During the next few years new high
capacity broadband applications will be introduced.
Now, streaming applications are very popular in
some market segments, but the access capacity limits
the usage. The incumbents are working hard to create
new income possibilities on broadband to compensate
for the loss on ISDN/telephony. New concepts of
broadband contents are underway. ADSL2+ and
VDSL will offer TVoDSL and in addition VoD and
individual choice possibilities of events and old TV
programs. Specific content applications will be:
entertainment, online games, gambling, elearning,
music on demand, “voice books” on demand, elec-
tronic newspapers and journals etc. Other broadband
applications are: “teleshopping” and auctions, surf-
ing, downloading and exchanging software, back-up
services, remote broadband storage, home office,
video and multimedia conferences, file and informa-
tion exchange, data base upgrades and tele-surveil-
lance. The peer-to-peer applications in the residential
market are about to start to evolve. There will be a
significant increase in demand in the coming years
for exchange of personal content like digital pictures,
digital film sequences — either personal or streamed,
videograms, greetings cards, email with broadband
content, personal video and multimedia conferences
— for example birthday video conferences.
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Figure 8.9 Predicted market share evolution for ADSL and
ADSL2+/VDSL
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One of the first steps for the incumbents is to intro-
duce TVoDSL. The technology will be based on
multicasting. However, the market segment in this
area is limited because DTH satellites, the CATV
network and some FTTH/FTTB operators already
offer TV distribution. The next step will be to intro-
duce the more advanced broadband services and
applications. The evolution and speed in developing
new broadband products will influence the demand
for ADSL2+/VDSL.

The ADSL2+/VDSL market share forecasts are based
on the assumption of a diffusion type evolution start-
ing in 2004. The premises for the forecasts are that
the main part of the Western European operators start
to use the cherry picking strategy without additional
infrastructure investment. The coverage of ADSL2+/
VDSL is about 50 %. It is assumed that operators at
the end of the period (2010) will also be deploying
fibre deeper into the access network and expand the
coverage to about 65 %. Premises for the market seg-
mentation for Western Europe is 90 % HFC coverage
inside a radius of 2 kilometres from the exchange
(DSLAM). Hence, the potential for ADSL2+/VDSL
in 2010 will be 60 % minus 20 % multiplied with the
estimated HFC coverage of 22.4 %. The future tariffs
for ADSL and ADSL2+/VDSL and the content deliv-
ered are of course important factors for the market
share of the different services. So far, there is limited
information about what consumers will choose.
Multinomial logit models have been used to examine
ADSL and VDSL demand in the Norwegian market.
Significant demand for VDSL was identified [8]. It is
assumed that 35 % of the consumers in 2010 will
choose ADSL2+/VDSL instead of ADSL where pos-
sible. The latter assumption is uncertain, especially
because we do not know the future tariffs nor the
broadband content of the services. Then the market
share for ADSL2+/VDSL is estimated to be about

15 % in year 2010. Figure 8.9 shows the market share
forecasts for DSL, ADSL and ADSL2+/VDSL.

Market share and penetration forecasts
for different broadband technologies

An overview of the market share forecasts for the
different technologies is given in Figure 8.10. The
figure shows that the DSL technology in the future
will be the dominating broadband technology in
Western Europe and that the ADSL2+/VDSL ser-
vices will gradually substitute ADSL. However, the
evolution is reduced because of long subscriber line
lengths and the need for heavy investments in the
access network for parts of the subscribers. The fig-
ure shows that the cable modem market share
decreases significantly in the period 2000 — 2010,
while the market share for new technologies
increases.
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The penetration forecasts for the broadband technolo-
gies are found by multiplying the total penetration
forecasts with the market share forecasts for the tech-
nologies. The forecasts are found in Figure 8.11. The
figure shows that ADSL is the dominating broadband
technology in the period 2000 — 2010, but the pene-
tration decreases at the end of the period. The main
reason for this is substitution effects with ADSL2+
and VDSL, which have shown a very strong growth
from 2007 to 2010. In parallel the cable modem pene-
tration increases even when the market share is
reduced. Also the penetration of other broadband
technologies increase in the period.

9 Forecast uncertainties

There are a lot of uncertainties connected to the fore-
casts. Since the broadband forecasts are developed
through qualitative and quantitative information, sta-
tistical modelling and also subjective input to the
modelling, it is difficult to express the uncertainty by
a pure statistical model.

However, it is important to analyse the impact of the
broadband forecasting uncertainty. The long-term
forecasts are mainly used as input for rollout deci-
sions of different broadband technologies and for
establishing new network platforms. Techno-eco-
nomic assessments are used to calculate net present
value, internal rate of return and pay back period for
the various projects.

A relevant method for evaluating forecast uncertainty
is to apply a risk analysis [42]. The paper “Analysing
the impact of forecast uncertainties in broadband
access rollouts by use of risk analysis” [4] in this
issue shows how risk analysis can be used for this
type of evaluations. In [24 and [37] risk analysis on
broadband investment is combined with option theory
for evaluation of uncertainty to decide the right time
for broadband rollouts.

10 Broadband forecasts
comparisons

Comparison of forecasts is a subject on its own. In

this chapter some comparisons of long-term broad-

band will be shown and discussed. However, the

intention is not to give a complete picture of all long-

term broadband forecasts produced.

In 1994 the RACE 2087/TITAN project performed

a Delphi survey among 100 experts from 10 Western
European countries on the future broadband residen-
tial market [44]. Demand curves for broadband
accesses and applications together with forecasts for
long-term broadband demand for the Western Euro-
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pean market were estimated based on the Delphi
methodology. In 1997 a new Delphi survey was car-
ried out in the AC 226/OPTIMUM project [41]. At
that time no broadband demand data were available,
since the broadband services were not yet introduced
in the residential market. The forecasts from the two
surveys are shown in Figure 10.1.

The aggregated penetration forecasts per household
from the first Delphi survey (1994) based on the sum
of 2 Mb and 8 Mb accesses were estimated to be

14 % in 2005 and 20 % in 2010. Now we see that
these 10 year old forecasts have been a little bit pes-
simistic. However, at that time neither the DSL tech-
nology nor the HFC/cable technology were known.

The aggregated forecasts from the 1997 Delphi sur-
vey predict 18.2 % penetration in 2005 and 48.5 %

in 2010. These forecasts are rather good. The 2005
forecasts are probably a little bit lower than the
expected penetration for 2005, and the 2010 forecasts
are so far in the right range. The figure shows that
high broadband capacity (25 Mb) forecasts are too

2010

2010
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—2-4 Mbit/s (1997)

— 25 Mbit/s downstream and 384 kbit/s upstream (1997)
— 25 Mbit/s downstream and 6 Mbit/s upstream (1997)
— 2 Mbit/s wideband (1994)

— 8 Mbit/s broadband (1994)
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Figure 10.1 Broadband access penetration forecasts per household in
the residential market from Delphi surveys performed in 1994 and 1997

optimistic. ADSL2+ and VDSL, which were not
specified at that time, are evolving now, but not very
fast. The broadband forecast from AC364/Tera is
based on the results from the 1997 Delphi survey
with some adjustments [41].

Now many companies are making long-term fore-
casts for the broadband evolution. New broadband
forecasts were developed in IST 2000-25172 TONIC
in 2001 [40]. It is of course easier to make broadband
forecasts when historical demand data are available.
This paper presents some of the forecasts. Figure 10.2
gives a comparison of the following forecasts for the
Western European residential market:

60
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Figure 10.2 Comparison of long-term broadband penetration forecasts
per household
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e Tera (1998)

e Tonic (May 2001)

e Jupiter (2003)

e Forrester (June 2003)
e Jupiter (April 2004)

¢ OVUM (May 2004)

e Ecosys (August 2004)

The broadband penetration ultimo 2003 was 11.4 %.
The Tonic (2001) forecasts and the Tera (1998) fore-
casts underestimate the penetration in 2003 by 1.7 %
—3.2 %. However, the yearly growth in the period
2003 — 2008 is larger than the Jupiter (2003 and
2004) forecasts and the Forrester (2003) forecasts.

Chapter 7 in this paper gives an overview of the quar-
terly DSL and cable modem increase Q1 and Q2 for
the sum of the residential and business markets in
2004. The adjusted half year growth for the residen-
tial market is estimated to be 3.5 %, which gives a
yearly growth of 7 % for DSL and cable modem.
Taking into account the growth of other broadband
technologies, the broadband penetration in Western
Europe will increase from 11.4 % to 18.5 — 19 % at
the end of 2004.

Jupiter (2004), OVUM (2004) and Ecosys (2004)
forecasts for 2004 seem to have the right predictions
for 2004. However, Jupiter (2004) have more pes-
simistic long-term forecasts. The long-term forecasts
can be divided into two groups:

Group 1: Tonic (2001), Ecosys (2004), OVUM
(2004): High long-term forecasts

Group 2: Tera (1998), Jupiter (2004), Forrester
(2003), Jupiter (2003): Low long-term fore-
casts

In Group 2 Tera (1998) shows a much stronger
growth at the end of the studied period than the
others. The Jupiter (2004) forecasts, which probably
will be on the right level ultimo 2004, have a turning
point at the end of 2004. It explains the deviations
from Group 1 long-term forecasts. Netherlands,
Belgium, Denmark and Switzerland have the highest
broadband penetration in Western Europe, with a
level for the sum of residential and business of about
35 %. Still the broadband growth in these countries
is increasing, which indicates a much higher turning
point than 19 %.

Therefore, it is reasonable to believe that the Group 1
forecasts are the best forecasts.
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11 Conclusions

Long-term broadband technology forecasting is not
a very easy subject. Experience has shown that it is
nearly impossible to make long-term forecasts with-
out understanding the evolution of new broadband
technologies and new broadband network platforms.
Knowledge of broadband technologies regarding
possibilities and limitations is important for the
forecasting.

In order to make good long-term broadband forecasts,
techno-economic analysis of the relevant broadband
technologies has to be performed. Each technology
generates investments and operations and maintenance
costs for the rollout, which is dependent on the char-
acteristics of the various access areas in the countries.
Techno-economic analysis has the ability to show the
economic value of the various technologies. Therefore,
the techno-economic analysis is crucial for technology
rollout strategies and for broadband forecasts.

Long-term broadband forecasting models for the
Western European market take into account the pene-
tration status for the various technologies until 2003/
medio 2004. Then long-term forecasts are developed
for the period 2004 — 2010. The broadband forecasts
are segmented in separate forecasts for ADSL,
ADSL2+/VDLS, cable modem and other broadband
technologies.

The analysis shows that ADSL, cable modem/HFC
and FTTC/FTTB solutions for large building com-
plexes are the cheapest broadband technologies. In
many countries in Western Europe the cable modems/
HFC have limitations because of low CATV cover-
age. Other broadband technologies have to fight for
market share where the mentioned broadband tech-
nologies are not deployed. Especially the rest market,
with too long copper lines is a potential market for
these technologies.

The broadband subscription growth in Western
Europe is estimated to be 7 % in 2004 and the long-
term forecasts for 2008 probably close to 50 %.

So far the broadband forecasts are mainly based on
Western European mean values. The forecast mod-
elling can be improved by making separate broad-
band forecasts for each country by including explana-
tory variables such as broadband coverage, broad-
band roll plans, service offer, tariffs etc.

The experience from using Delphi surveys for mak-
ing long-term broadband forecasts, before broadband
demand data were available, has been very good.
However, it is difficult to make general conclusions
based on the results from two Delphi surveys.
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Comparisons of earlier forecasts from consultant
companies and forecasts from the EU Commission
funded techno-economic projects RACE 2087/
TITAN, AC 226/OPTIMUM, AC364/TERA and
IST-2000-25172 TONIC show that the forecasts from
techno-economic projects seem to be more offensive
and probably give better forecasts.
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Models for forecasting cost evolution of
components and technologies

BORGAR T. OLSEN AND KJELL STORDAHL

Learning curves are used in the industry to predict reduction in production time or production cost
as a function of produced volume. The causes of cost reductions are better control of the production
pracess, new praduction methods, new technology, redesign of the product, standardization and

automatisation.

Wright and Crawford first developed the learning
curve model for aircraft production [1, 2, 3]. This
model is a simple exponential function where the
decrease of production time is a function of number
of produced units.

This paper describes an extension of the learning
curve model [4, 5, 6]. The motivation for this exten-
sion was the need to model the cost evolution of new
telecommunication network elements in business case
studies. To be able to use the cost prediction model in
economic calculations, it is important to forecast the
cost evolution as a function of time, not as a function
of produced units. The model is a combination of the
learning curve model and a diffusion model which
models the life cycle of the component.

Within the European research programs, the projects
RACE 2087/TITAN, AC 226/OPTIMUM, AC364/
TERA and IST-2000-25172 TONIC have worked out
a methodology and a tool for calculating the overall
financial budget of any telecommunication service
and network project. The tool handles the discount
system costs, operations, maintenance costs, demand
forecasts, tariffs etc. The output of the tool is the life
cycle costs, expected net present value (NPV) and
internal rate of return (IRR). An important part of the
tool includes the extended learning curves and cost
prediction of network components.

The tool has been used to evaluate the life cycle costs
of the different telecommunications network tech-
nologies with different maturity, and the results are
fed back into more general forecast models (based on
existing infrastructure, competition level etc.) of the
market share of the technologies. In that sense the
elasticity of technology volumes and cost levels are
derived. In addition the tool is used for telecommuni-
cations network profitability studies, risk analysis and
business scenario evaluations within many telecom-
munication companies and in several international
research projects [7-15].

1 Background

In the European program RACE, project 2087/
TITAN identified the need for modeling cost of net-
work components and infrastructure deployment as

a function of time [4, 5, 6]. One of the project objec-
tives was to develop a methodology and tool for
doing strategic business case studies. In studying
future strategic telecom projects new and older cost
components with a different degree of maturity have
to be considered. It was decided that every cost com-
ponent should be characterized with its own cost evo-
lution. To be able to do this with a large number of
cost elements, a model was developed and imple-
mented in the tool. The model combines the learning
curve and the logistic function into a closed form
with a set of parameters, which have a clear meaning.
This model is called the extended learning curve
model and includes parameters representing:

- Cost of the product in the reference year;

- Relative accumulated production volume sold at
the reference year;

- Main part of the life cycle time to the product;

- Cost decrease when the production volume is
doubled (Learning curve coefficient).

In addition a fifth parameter can be used, which
describes the asymmetry of the diffusion growth of
the product.

2 Wright and Crawford learning
curve models
The Wright-Crawford model is a simple exponential
function where the decrease of production time is a
function of number of produced units. The initial
value of the function is the production time of the
first unit. The parameter in the model is the learning
curve coefficient K, which denotes the reduction in
production time when the production volume is dou-
bled. By assuming that the cost of production is pro-
portional to the production time, the learning curve
model describes the cost decrease per produced unit
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as a function of production volume. In the literature
the learning curve is also used for describing individ-
ual learning. In an industrial process such individual
learning is not the primary cause for cost reduction
but a combination of several factors such as:

- More effective labor force

- Better control of the production process
- More effective organization

- Introduction of new production methods
- New technology

- Redesign of the product

- Standardization

- Automatization

Many of these factors are dependent on each other
and are therefore not easily separable. For example,
the development of software to support production
of a product can be composed of better control of the
production process, introduction of new production
method and standardization of the production process.

T.P. Wright first proposed the concept of learning

curves in 1936 to describe the production time of air-

craft [1]:
T,=n"%-T, 2.1

where T, is the average production time for n units,
given by

_t1+t2+...+tn
N n

T, (2.2)
where 1, is the time to complete the nth unit, T, the
time to complete the first unit and # is the number of
completed units.

J.R. Crawford applied the same formula, but inter-
preted T, as the completion time for the nth unit [2].
Wright’s law describes the cumulative effect of learn-
ing, while Crawford’s formula only refers to scale
effects. A disadvantage of Wright’s law is the appear-
ance of strong autocorrelation, affecting the statistical
estimation of its parameters, a problem that always
arises when trying to correlate accumulated values.

In the literature many extensions and modifications of
the Wright-Crawford’s law has been proposed [3] but
for our purpose the simple expression is used as a basis
for deriving cost as a function of time. In principle we
interpret P, as the cost of the nth component sold in the
market of a specified component with a given func-
tionality (e.g. GSM mobile phones), or a component
from a specified product generation or series.
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Suppose that component cost (price) P, is somehow

proportional with production time 7, for the nth com-

ponent, then we have from (2.1):
P,=n%- P, (2.3)

Where

- P, is the cost of production of the nth component;

- Py is the cost of production of the very first com-
ponent;

- nis the total number of produced units (possibly in
a production series);

- o is a parameter in the model.

If the production volume is doubled, then:

Py, = (2n) % P, (2.4)
The relation between P,, and P,,, is given by:
Py,=K-P, 2.5)

K is the factor by which the price is reduced when the
production volume is doubled. K is called the learn-
ing curve coefficient and is related to o by

K =)« (2.6)

or

a=-log, K 2.7
The learning curve coefficient is a number less than
1. It is usually expressed in percentage and typical
values are between 70 % and 95 %. The value
depends highly on which product group we are taking
about, the lower the value the steeper the learning
curve. In Figure 2.1 the learning curve with K set to
80 % or a set to 0.32 is shown.

Learning curve predictions as a function of

number of produced units

Cost

08 —

04 —

02 —

T 3 5 7 9 1n 13 1 17 19 2

Figure 2.1 Wright-Crawford learning curve model

23 25 27 29



3 The Logistic model and com-
ponent cost as a function of time
We know that the production volume » and the pro-
duction cost per unit P,, is a function of time. Thus
the learning curve can be written as:
P(t) =n(ty*- P 3.1
where n(t) is the global volume (for the world pro-

duction of a component) and Py is the cost of the
very first component.

The description of the growth over time of the accu-
mulated volume of a cost component can be modeled
in many ways. In the situation where very little is
known, because the component is new or not even
introduced to the market, a standard demand Logistic
curve with four parameters is chosen. This curve has
the needed generality for most types of growth pro-
cesses and has a sound theoretical basis. The Logistic
model chosen is defined by:

n(t) = M[1 + elerdn]” (3.2)

where

- M is the total market potential
- ¢, d and y are parameters
- tistime

The model predicts the yearly-accumulated produc-
tion volume. If the production volume for several
years is known, it is possible to estimate the para-
meters M, ¢, d and y. An iterative estimation proce-
dure where OLS (ordinary least squares regression)
is one part of the method can be used for estimating
the parameters [17].

However, in new network architectures there are a
lot of rather new or completely new network compo-
nents. Then there is no time series of the yearly pro-
duction volume. In that case we need another proce-
dure for estimating the parameters. Such a procedure
is described in the next chapters.

4 Introduction of relative
production volume and growth
period as substitution for general
parameters in the Logistic curve

Formulas 3.1 and 3.2 contain both the total market

size M and the production cost of the first unit P.

Both of those inputs are sometimes difficult to obtain.

Dividing the learning curve cost in eq. 3.1 by the
value at the reference year, M and P disappear and
P(0) means the cost in reference year 0. The subscript

r indicates that we now have introduced normalized
logistic functions (Annex 1) where n,.(0) is defined as
the relative accumulated volumes sold at the refer-

ence year.
P [n@®]"
P(0) {nrm)] @D

This formula with the derived expression for a from
(2.7) inserted can now be written:

P(t) = P(0) - [n,(0) ! - n,(n)]loe2’K 4.2)
Now we have the three parameters P(0), n,(0) and K.
The normalized logistic formula with y set to 1 is
now:

-1
n.(t) = [1 + e(°+d't)} (4.3)

Instead of using the parameters ¢ and d in the Logis-
tic model only the growth period AT has to be intro-
duced in addition to the relative accumulated produc-
tion volume n,(0) sold at the reference year as already
defined. It is easier to understand and also easier to

have an opinion about the size of these parameters
than the parameters ¢ and d.

By setting the 7 equal to O in eq. 4.3 and rearranging
the expression, c is expressed by 7,(0).
¢ = In[n, )1 - 1] @.4)
The growth period, AT, is now defined as the time
from the component reaches 10 % of the total pro-

duction volume until it reaches 90 %. Then, the
following expression for d can be derived:

n(1;) = 0.1 5)
n,(t5) = 0.9 4.6)
By definition
AT=1,-1 4.7
which after some manipulation (Annex 2) gives:
AT = 2109 @8)
d
—2-1n9
d=—5r 4.9)

Inserting ¢ and d in the normalised diffusion curve we
get the following formula:

ne(t) = (1-+ b O -2 10
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It is clear from Figure 4.1 that the meaning of AT and 1.2
n,(0) are very intuitive and much easier to work with
than the abstract parameters ¢ and d. ]

08 _
5 Life cycle for different products

The growth period AT of equipment or products 0.6
depends of course on the technical development in
the different industrial areas. Especially for consumer 0.4

electronics like mobile phones the lifetime has

become shorter and shorter over the last years. If the 02

diffusion curve (S-curve) is used to describe the accu-

mulated growth of a specific series of equipment, say
the ZyXEL Prestige 600 series of ADSL modems or
the Nokia 7110 Model of mobile handsets, the
growth period AT of the models is short (1-5 years) Figure 4.1 The logistic model showing n,(0) and AT
due to new models introduced to the market with new

capacities and functionality. If the formula is used to

describe the accumulated growth of all units in all trate the evolution of the normalised cost versus time
series of the product, like fixed telephones, the life for different AT, as shown in Figure 6.1.

time would be much longer, as illustrated in Figures

5.1 and Figure 5.2. For example, the growth period of ~ Figure 6.2 shows the impact of 7,(0) on the nor-
Television in Canada was about 10 years. In general, malised cost, keeping AT =5 years as a constant.
due to the better production process, the life cycle of

the different electronic products has decreased signif-

100 Ty r - ————— -
icantly during the last two decades. ==’

so- 4
In Figure 5.2 we can observe AT of more than 20 U7 /I
years for growth of several goods in Finland (all 60 — 1 _
devices and all production series). R R

— — Television
40 - ,' —— Cable
,  — VCR
: — PC
6 The extended learning curve 20=,"  __ \obile
The expression for ,(¢) in (4.10) is now to be sub- ’ — |Internet
stituted into the learning curve formula (4.2) yielding 0195|3 Pern e
the final expression for cost versus time in closed 1985 1999
form (Annex 2). The expression is called The Figure 5.1 Historical diffusion of selected goods in Canada, source:
extended learning curve model. Sciadas 2002b [18]
P(t) = P(0)-
a0y -1)- [z ) ]
., -1.(1 n[n,(0)~'—1]-[2L2].¢ 6.1
{” O (1+e ) } @1 - - Color TV —_ Dishwasher
— — Freezer — — (D player

The parameters in the extended learning curve model 100 = — Microwave — Intemet .
are defined by: —— Mooile — PC ---""

80 - Video recorder
- P(0) the production cost in the reference year 0,
- n{0) the relative accumulated volume in year 0, 60 -

— AT  the time for the accumulated volume to grow
from 10 % to 90 % 40 B=
- K the learning curve coefficient

-0 is the reference year. 20 =

In order to illustrate this relation, and to get a nor- o nrrm e e e e
malised component cost, we put P(0) =1 and K = 0.90. 1976 1980 1990 2000

By keeping n,(0) = 0.001 constant and letting the Figure 5.2 Historical diffusion of selected goods in Finland, source:
parameter AT range from 2 to 20 years, we can illus- Statistics Finland 2003 [18]
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Cost for different AT

Cost

Years

Figure 6.1 The impact of AT on the normalised cost, keeping

n,(0) = 0.001 and K = 0.9

Cost for different n(0)

Figure 6.2 The impact of n,(0) on the normalised cost, keeping AT = 5

years and K = 0.9

LearningCurveClass K_Value
CivilWorks 100.0 %
CopperCable 100.0 %
Electronics 80.0 %
SitesAndEnclosures 100.0 %
FibreCable 90.0 %
Installation (constant) 100.0 %
AdvancedOpticalComponents 70.0 %
Installation (decreasing) 85.0 %
OpticalComponents 80.0 %

Table 7.1 The learning curve classes (Learning curve coefficient)
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From the previous expression it is clear that the
asymptotic price level when t approaches o does not
depend on AT, and is given by:

1 log2(K)
} (6.2)

P =P0) | —=
(o) = PO |
In addition, for small ¢ the slope of the price curve is
proportional to AT -1,

7 Volume and learning curve classes
In the practical implementation of the extended learn-
ing curve in the tool mentioned in the introduction,
the user chooses or estimates values of every cost
component among different classes of the learning
curve coefficients K and combinations of n,(0) and
AT (volume classes). In case the components are new
and no historical costs exist, a priori values have to
be chosen. Illustrations are shown in Table 7.1 and
Table 7.2. Typical values of the Learning curve coef-
ficient are from 100 % (meaning no cost reduction) to
70 %, giving 30 % reduction for doubling of produc-
tion volume.

Typical volume classes are shown in Table 7.2. The
grouping can be established by the user of the tool
and is not fixed.

The learning curve coefficient K classes and the
volume classes are chosen according to a pragmatic
choice of granularity and can be changed by the user
of the tool. Especially the volume classes are chosen
to cover the two aspects of cost components: the type
and maturity of cost components. For example the
twisted copper pair or civil work costs are Straight
Line class, POTS may be Old Very Slow class, Fibre
costs can be Mature Slow class and new devices for
optical switching can be like Emerging Fast class.

The grouping in classes brings the needed granularity
for modelling cost evolution of every cost compo-
nent. The effect of allocating cost evolution to every
component in the business case study make the
uncertainty of the overall cost picture smaller due to
the “large number law” in statistics. In general, over-
and under-estimation cancel out by the large number
of components.

8 Forecasts by the extended
learning curve — some examples
To illustrate how the extended learning curve
methodology can be applied, two examples from the
telecommunication area are presented in this chapter.
The first example shows how ADSL line costs are
forecasted based on collected data. A substantial part
of the ADSL line costs comes from the DSLAM and
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the line cards itself (modem is not included). The sec-
ond example makes cost forecasts for transmission
equipment used in the core network. The described
costs are not production costs, but costs the operators
have to pay for the equipment.

Figure 8.1 shows the development of ADSL line
costs in the period 2000-2003. The line costs are
shown in brown. Note the significant drop in the line
cost from 2001 to 2002. It is difficult to collect interna-
tional cost data. Some times the data may reflect
immediate results from negotiations between manufac-
tures and operators, while some other times there have
been no changes in the costs/prices over a long period.
The reason can be rather long contract periods. The
2001 cost observation on ADSL line cost is too high
compared to both 2000 and 2002 cost, to fit a “natural”
decrease during the observed period. The observation
has been treated as an outlier. The learning curve
model is complex and traditional linear estimation
methods cannot be used. The estimation of the para-
meters is performed by a non-linear estimation proce-
dure, which minimises the root mean square error.

The ADSL line cost forecast modelling gave the

estimates:
P(2000) =212 Euro
AT =8
n,(2000) =0.1%
K =0.74

Figure 8.1 shows the forecasting results based on the
estimation.

The figure shows that ADSL line costs have
decreased to about 30 % of the original 2000 costs
during a period of only three years. The forecasts also
show that there is still a potential for a significant
drop in the line costs. The forecasts indicate that the
line costs reach a rather stable level after a period of
9-10 years. One reason is the estimated AT = 8 years.

It is of interest to evaluate the estimated values.
P(2000) = 212.3 Euro is one Euro less than the
observed value in 2000. The initial production vol-
ume in year 2000 is estimated to be 0.1 %. At that
time, ADSL was in its initial phase and 0.1 % is a
reasonable value. The growth period AT = 8 years,
from a 10 % production level to a 90 % production
level, may be right for ADSL cards with low access
capacity. However, if high capacity ADSL cards (up
to 8 Mb/s) are included, there is reason to believe that
AT will be larger. The K factor estimated tells that the
cost is reduced by a factor of 0.736 when the produc-
tion volume on a worldwide basis is doubled. We do
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VolumeClass n/{0) AT
Emerging_Fast 0.001 50
Emerging_Medium 0.001 10.0
Emerging_Slow 0.001 20.0
Emerging_VerySlow 0.001 40.0
New_Fast 0.01 5.0
New_Medium 0.01 10.0
New_Slow 0.01 20.0
New_VerySlow 0.01 40.0
Mature_Fast 0.1 5.0
Mature_Medium 0.1 10.0
Mature_Slow 0.1 200
Mature_VerySlow 0.1 40.0
Old_Fast 0.5 5.0
Old_Medium 05 10.0
Old_Slow 05 20.0
Old_VerySlow 0.5 40.0
StraightlLine 0.1 1000.0
Table 7.2 The volume classes
not have information about the total international pro-
duction volume, but the K value seems reasonable.
Figure 8.2 shows the development of SDH equipment
costs from 2000 to 2003. The SDH equipment costs
are shown in brown in the figure.
The observed equipment costs have a nice reduction.
However, we see that the relatively yearly reductions
are not of the same size as for ADSL line costs. An
interpretation is that the maturity of the SDH equip-
ment in 2000 was much higher than the ADSL equip-
ment. This is true because SDH equipment was put
into production many years before the ADSL equip-
ment, meaning that the cost evolution of SDH is
closer to the tail of the cost curve.
Forecast model for ADSL line costs
g 250
e m Model
m Data
200
150
100
50 I I
Ulll.lII
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Figure 8.1 Cost observations and forecasts for ADSL line costs
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Forecast model for STM equipment costs

1400

m Model

1200 —

m Data

1000 —

800 —

600 —

400 —

I
0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Figure 8.2 Cost observations and forecasts for SDH equipment costs
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The same non-linear estimation procedure is per-
formed for the SDH equipment. The estimation gave
the following results:

P(2000) = 1188 Euro
AT =8
n(2000) =74%

K =0.76

Figure 8.2 shows the SDH equipment cost forecasts.
The figure indicates quite a small future decrease in
costs and that the component cost evolution stabilises
around 2007. The estimation shows that 7.4 % of the
total volume has been produced. The growth period
AT is estimated to be eight years. The K factor is esti-
mated to be about the same as for the ADSL line
costs. This seems to be reasonable, because both
types of equipment are produced today with very
similar production methods (10 years is very typical
for equipment in a series today). Also the estimated
initial cost in year 2000 Euro is reasonably good,
only 26 Euro from observed real cost value.

It is difficult to evaluate the forecasts, but the fact that
the value of the estimates both for the ADSL line cost
and the SDH equipment cost is reasonable based on
our additional knowledge is of course a positive ele-
ment in the evaluation.

9 Conclusions

Wright and Crawford have developed the learning
curve model for cost predictions. However, their
model is not able to predict the costs as a function of
time. In traditional business case modeling, cost pre-
dictions for a given period is a necessary input for
calculations of net present value, pay-back period and
internal rate of return.

The extended learning curve model presented in this
paper has the ability to predict cost evolution as a
function of time. The model extends Wright and
Crawford’s learning curve by inserting a Logistic
forecasting function for number of produced units.
The Logistic function includes three parameters for
flexible modelling of different production volume
evolutions. In addition the learning curve is described
with two parameters.

Hence, the number of parameters that go into the new
model is five. The saturation level of the Logistic
function, which is the expected total number of units
to be produced, is one parameter. This parameter is
eliminated through expression of the relative number
(percentage) of produced units. Then the resulting
number of parameters in the extended learning curve
model is only four.

The traditional objective from a statistical point of
view is to estimate the parameters. This is of course a
reasonable way to perform the modeling when many
observations are made. However, there are possibili-
ties to include even more knowledge into this process.
Therefore substantial work has been carried out to
transform two of the parameters (¢ and d) in the
model, to get interpretative parameters.

The following interpretative parameters were identi-
fied after the transformation:

- Price in the reference year;
- Relative accumulated volume sold todays;

- Main part of the life cycle time to the product — the
period between 10 % and 90 % penetration of the
product (growth period);

- Proportion of cost decrease when the production
volume is doubled (the learning curve coefficient).

In many situations, business case modeling for intro-
duction of new products is performed. Then, no data
are available of the production evolution of the new
product. Even if no data are available, it is possible to
use the extended learning curve model for prediction
of the costs. And the reason is the interpretative
parameters. Without observations, there are possibili-
ties to give a priori values of these parameters.

Information about a probable price in the reference
year of the product can be collected. The relative
volume sold today 7,(0) can be almost 0 or estimated
on the basis of some country data. There is no need
to know the worldwide penetration. The growth
period of the product AT has to be roughly estimated.

Telektronikk 4.2004



Remember that the life cycle of the product has
decreased significantly during the last two decades
(Chapter 5). Based on this type of knowledge it is
possible without observations to do some estimates.
There exists a priori knowledge about the K factor
for different types of components. This information is
available from the equipment provider industry if the
component is on the market. The advantage of having
interpretative parameters in the learning curve model
is obvious when cost predictions for new products are
developed.

Chapter 8 documented how the extended learning
curve model is applied when a set of observations are
available. Then, statistical methodology (non-linear
estimation) is used to estimate the parameters. Even
in this situation, a priori knowledge is important.
The evaluation of the estimated values turned out to
be reasonably good in the two examples presented.
However, if for example the main part of the life
cycle of those products was estimated to be 40 years,
we know that this is completely wrong and we have
the possibility to adjust the parameter.

The extended learning curve modeling gives the
possibility to include both observations and a priori
knowledge in the cost forecasts.

The extended learning curve is based on insertion of
a three parameter Logistic model which describes a
symmetric behavior of the production penetration
around a turning point for the function. In Annex 3 a
four parameter Logistic model with a non-symmetric
pattern is used as input to the learning curve. This
variant of the extended learning curve model can give
a better flexibility for the estimation of the cost evo-
lution.
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Annex 1 — Relative growth model
We know that the production volume » and the pro-
duction cost per unit P, are a function of time. Thus

P(t) = ()% P, (Al.1)

In principle n(?) is the global accumulated volume for
the world production of a component at time ¢ and P
is the cost of the very first component.

Both of these inputs are sometimes difficult to obtain.
These obstacles are easily removed from the learning
curve formulation by using relative values, in which
case P does not appear.

Pi) _[n®)]" Al2
P(0) [n(o)} (A2

Furthermore, the global accumulated volume n(7)
may be removed from the expression by observing
that

PO _ ()™
P(0) {nr(o)]

holds true since

Eoii ol

where n,(f) and n,(0) are relative values (i.e. normal-

ized to 1). Rearranging the expression gives:

_ oy, [®]° (A1.3)
po=r0)- 355
or
P(t) = P(0) - [n,(0)"! - n,(D]log2 K (A1.4)

n,(0) is the relative component volume at time ¢ = 0.
The relative accumulated component volume 7,(7) at
time ¢ of the component must be modeled in some way.

In the situation with limited number of observations,
it is necessary to make a model of the lifetime of
every cost component. To be very general we assume
that the best general model to describe the relative
accumulated volume produced (sold) of a component
n,(t) is the normalized standard demand logistic curve
with four parameters. Hence, the Logistic model is
defined by:

n(®) = [1 + elc+dn)” (A1.5)
where

- ¢, d and y are parameters;
- t1is time.

The model predicts the yearly production volume.

If the production volume for the last years is known,
it is possible to estimate the parameters c, d and ¥.
However, in new network architectures, there are a
lot of rather new or completely new network compo-
nents. In this case there is no time series of the yearly
production volume. Then we need to be able to inter-
pret the parameters and estimate them based on dif-
ferent a priori knowledge.

Annex 2 — Reformulation of the
Logistic curve in the symmetric case
In general the Logistic curve is described by abstract
parameters, which give no direct meaning. In a situa-
tion where hundreds of cost components have to be
characterized, it is important to be able to have a
more direct feeling about the reasonable sets of
parameters to be applied. In the following we first
make the reformulation in the symmetric case with
the yset to 1.

Instead of using the parameters ¢ and d in the Logis-
tic model, the growth period AT and the relative pro-
duction volume 7,(0) at a reference time O are intro-
duced. It is easier to understand and also easier to
have an opinion about the size of these parameters
than the parameters ¢ and d.
-1

n(f) =1+ elc+dn) (A2.1)

¢ expressed by 7n,(0):

Setting =0 in (A2.1), we get:

1n,0) = (1+¢) " (A22)
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Some rearrangements give:
¢ =In[n0)! 1] (A2.3)

which expresses c in terms of the relative accumu-
lated volume at year 0.

d expressed by AT:
We define the growth period as the time from the
component reaches 10 % of the total production
volume (saturation) until it reaches 90 %. Then the
following equations are defined:
n(t1)=0.1 (A2.4)
n(t;)=0.9 (A2.5)

Thus

—1
[1 4 e<c+d'f1>} —01&

[1 + e<c+d't2>} 09 (A2.6)
14 eletdt) — 10 & 14 eletdtz) = % (A2.7)
eletdt) — g g eletdta) — % (A2.8)
e et =9 & - et = é (A2.9)

By dividing the right hand side by the left hand side
of (A2.6) we get

1
ed-(tz*tl) — 9_2 (A210)
d-(ta—t1)=—2-1n9

By definition

AT =1, -1 (A2.11)
—2-1n9

ATzTn (A2.12)

AT (A2.13)

which express d in terms of AT.
Substitution of the expressions of ¢ and d into the
logistic curve gives

2-ln9

ne(t) = (14 0l @ =LY T (a2

where n,(0) and AT are the only parameters.
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Annex 3 — The extended learning
curve model based on asymmetric
production growth

The Logistic curve for various values of the para-
meter y is illustrated in Figure A3.1.

The parameters ¢ and d can be derived as in the sym-
metric case giving:

c=ln [m(oﬁ _ 1] (A3.1)
and by defining o:
10)5 _

5= [( ) 1] (A3.2)

[10% - 1]

where ¢ is a function of y only.

Finally, we get the expression for d as a function of
AT:

Y

dAT

(A3.3)

Hence, the final expression for price versus time in
general is:

The parameters in the formula are defined by:

P(0), the price in the reference year 0;

n,(0), the relative accumulated volume in year O;
AT, the time for the accumulated volume to grow
from 10 % to 90 %;

K, the learning curve coefficient;

v, the asymmetry of the logistic curve.

o
o
I

o
hS]
I

-10 -5 0 5 10 15

Figure A3.1 Diffusion curves for different values of y
(from 0.3 to 10)
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Forecasting — An Important Factor for

Network Planning

KJELL STORDAHL

The paper gives an overview of forecasts and forecast methodology used for network planning. Specific
attention is given to how forecasts are applied for development of strategies and planning. An extensive

list of references is annexed for more detailed studies.

1 Is Forecasting Necessary for
Network Planning?
Network planning is an important activity for the
operators. In order to utilise the resources and
investment means in the best possible ways, it is
of crucial importance to have insight in future
telecommunication demand. A professional fore-
casting process will show the expected evolution
of the telecommunication demand.

Questions to be solved in the network planning
process are:

* Choice of technology and network components

* Design of network structure

* Routing principles and redundancy in the net-
work

¢ Dimensioning of nodes and routes in the net-
work

¢ Timing of network expansion

¢ Implementation of additional functionality

e Introduction of new and enhanced services

* Integration of functionality on various OSI
levels

* Replacement strategies for old network com-
ponents/old technology

¢ Long-term strategy planning for network evo-
lution

Important forecasts to support the planning pro-
cess are:

¢ Forecasts for service demand

¢ Forecasts for enhanced services demand

¢ Identification of demand for new services

» Subscription/access forecasts for the services

¢ Traffic volume forecasts for services and
applications

* Busy hour traffic forecasts for services and
applications

* Forecasts based on market segmentation

» Forecasts taking into account competition and
market share

» Forecasts separated into national level,
regional level and local level

¢ Forecasts allocated to the various networks

» Forecasts allocated to transport network,
regional network and access network

Specific forecasts are defined by combining the
items on the list.

For example, Telenor SHDSL subscription fore-
casts for the business market for one specific
local access area are based on the following:

 Estimation of potential DSL accesses for dif-
ferent market segments, especially type of
industry (SIC code) and size in the specific
area

 Forecasts of the DSL business penetration in
the area

 Forecasts of the evolution of demand of sym-
metric business access demand in the specific
area

* Prediction of expected market share in the
specific area

There are different players in the telecommuni-
cation market. Because of open network provi-
sioning additional operators have been estab-
lished in the market. The access network is
available based on Local Loop UnBundling and
several operators hire the copper pair from the
incumbents. In addition wholesale has been
introduced to create a more open and competi-
tive telecommunication market with new service
providers. The telecommunication market is
more complex and there are even more need for
forecast modelling taking into account the new
environments.

There are always economic risks related to net-
work planning. The forecasting process should
generate reduced risks by identifying the new
and enhanced applications and make predictions
of access and traffic demand generated by the
new and traditional services in environments
where the competition and evolution of expected
market share are described.

Of course there are significant uncertainties
related to the forecasting process. Hence, an
important part of the process is to describe the
uncertainty and try to incorporate the uncertainty
evaluations into the network planning process.

2 Network Evolution and the
Forecasts

The circuit switched telephone network has

evolved through certain milestones from being

an analogue network to a network consisting of

only digital exchanges. The next step was the
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introduction of ISDN. Now, Telenor has the
highest ISDN penetration in the world. During
the last few years the IP based Internet has
evolved significantly. In Norway the Internet
penetration is more than 60 %. Before the resi-
dential broadband take off, the main capacity
in the transport network was made up by leased
lines and PSTN/ISDN traffic. A significant part
of PSTN/ISDN traffic has been narrowband
Internet traffic.

Now we see conversion of narrowband Internet
traffic to broadband ADSL traffic. New services
and applications are established and new demand
generated. The broadband platform will be en-
hanced either through ADSL2+ or VDSL, which
in turn include broadband entertainment services
in the fixed network. In parallel HFC networks
from the cable operators UPC and Telenor Avidi
have been deployed and Fixed broadband radio
systems like LMDS are established.

Today there is a significant conversion of voice
traffic from the PSTN/ISDN to mobile networks.
The mobile platform is evolving from GSM to
GPRS, possibly to EDGE and to UMTS. In addi-
tion WLAN hot spots are deployed.

The business market has evolved through data
line switched and data packet switched network
without considerable success, to leased lines,
Internet and DSL. Now, new services like sym-
metric DSL (SHDSL), fast- and GB Ethernet are
introduced.

The market, the established services, the en-
hanced and new services and applications create
telecommunication demand. Market forecasts
are important and necessary for taking the right
decisions for network evolution. The forecasts
help to get the right timing from introduction

of new network platforms and services. More
detailed description of the forecasts are shown
in[l,3,5,7-8, 11-13, 26-27, 30-31, 34-35, 37,
51, 55,57, 63, 65,74, 82-83, 85-87].

3 Techno-Economic Tool
for Strategic Evaluations
of New Technology and
Network Structures
To be able to make the right decision for rolling
out a new network platform, a comprehensive
techno-economic analysis has to be carried out.

Within the European programs RACE, ACTS
and IST, the projects RACE 2087/TITAN, AC
226/0PTIMUM, AC364/TERA and IST-2000-
25172 TONIC have developed a methodology
and a tool for calculation of the overall financial
budget of any access architecture. The tool han-
dles the discounted system costs, operations,
maintenance costs, life cycle costs, net present
value (NPV) and internal rate of return (IRR).
The tool has the ability to combine low level,
detailed network parameters of significant strate-
gic relevance with high level, overall strategic
parameters for performing evaluation of various
network architectures [40—-46, 58-59, 66, 71-72].

Demand for the Telecommunications

Services
Services Architectures
Topology
DB
Revenues Investments First Installed
Cost
OA&M Life Cycle
Costs Cost
Economic Cash flows,
Inputs Profit & loss accounts
Year O Year 1 Year n ... Yearm
|
Payback
IRR .
NPV Period
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Figure 1 TONIC techno-
economic tool for investment
projects analysis
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Figure 1 shows a techno-economic tool used in
different international EU projects.

The figure shows that telecommunication de-
mand is an input to the tool and to the techno-
economic calculations. The TONIC tool is
widely used to analyse economic consequences
by implementing new network platforms. Impor-
tant parts of the tool are:

* Service definitions

¢ Subscription and traffic forecasts

* Service tariff predictions

¢ Revenue model

* A topology model mapping geographic areas
with given penetrations into the tool

* Network component cost data base including
more than 300 network components

* Network component cost prediction model

¢ Investment model

¢ Operation and maintenance model

¢ Model for economic calculations

¢ Risk analysis model

The following steps are needed in the techno-
economic evaluations of the network solutions:

The services to be provided must be specified.
The market penetration of these services over the
study period will be defined. The services have
associated tariffs, i.e. the part of the tariff that is
attributed to the network under study. From the
combination of yearly market penetration and
yearly tariff information TONIC calculates the
revenues for each year for the selected service set.

Next, the architecture scenarios to provide the
selected service set must be defined. This needs
network design expertise and is mostly outside
of the framework of TONIC methodology. How-
ever, TONIC includes several geometric models,
which facilitate the network design by automati-
cally calculating lengths for cables and ducting.
These geometric models are optional parts of the
methodology and TONIC can be used without
them. The result of an architecture scenario defi-
nition is a so-called shopping list. This list indi-
cates the volumes of all network cost elements
(equipment, cables, cabinets, ducting, installa-
tion etc.) for each year of the study period and
the location of these network components in dif-
ferent flexibility points and link levels.

The costs of the network components are calcu-
lated using an integrated cost database devel-
oped within the TONIC project, containing data
gathered from many European sources. Archi-
tecture scenarios together with the cost database
give investments for each year.

The OA&M costs are divided into different
components like cost of repair parts including
civil work and operations and administration
costs. Typically the OA&M costs are being
driven by services, say by number of customers
and number of critical network elements.

Investment costs together with the OA&M costs
give the life-cycle cost for the selected architec-
ture scenario. Finally, by combining service rev-
enues, investments, operating costs and general
economic inputs (e.g. discount rate, tax rate)
OPTIMUM, cash flows and other economic fac-
tors (NPV, IRR, Payback period etc) are calcu-
lated.

4 Strategic Evaluations
of New Technology and
Network Structures
The possibility to introduce new services, en-
hanced services, new applications, additional
traffic growth and generation of additional rev-
enue is important for network operators. Strate-
gies for introduction of new technologies and
network platforms open the possibilities for gen-
eration of additional revenue. Some examples of
introduction of new technology during the last
20 years are:

¢ Establishment of NMT

* Deployment of optical fibre and fibre technol-
ogy in the network

* Digitalisation of the PSTN

e Introduction of ISDN

¢ Establishment of GSM

e Introduction of Internet

¢ Establishment of ATM network

¢ Establishment of IP networks

 Establishment of SDH transmission technology

e Introduction of ADSL

The next step is enhancement of the ADSL plat-
form to ADSL2+ or VDSL and for the mobile
network UMTS, WLAN and 4G. Important
input for making the right decisions of introduc-
ing new technology has been demand forecasts
for new and enhanced services. The forecasts
and tariff predictions give revenue forecasts,
which are used together with techno-economic
analysis to support decisions of introduction of
new technology.

The traffic forecasts are also fundamental for
dimensioning the networks and establishing
optimal network structures.

Techno-economic evaluations of new network
technology is analysed in [2, 4, 14-15, 18-25,
28-29, 33, 36, 38-39, 48, 50, 52-54, 60, 68, 70,
76, 81, 84, 88-89].
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5 Subscriber/Access
Forecasting
Network planning of the access network depends
heavily on subscriber forecasts. Until recently,
substantial investments in the local telephone
exchanges have been based on forecasts of the
subscriber growth in the local area. The sub-
scriber forecasts indicated time for expansion
of the telephone exchange. In addition the sub-
scriber forecasts were used together with queu-
ing models to estimate the busy hour traffic vol-
ume in the exchange. When the data traffic was
limited, Erlang’s dimensioning rule was used for
traffic dimensioning taking into account the dis-
tribution of residential and business customers.
30 years ago the business customer traffic was
dominating and the busy hour was around lunch.
Now, traffic from residential customers is domi-
nating on the main part of the Norwegian ex-
changes. During the last few years the busy hour
has been moved from after the main television
news programme to the 21.00-22.00 period,
mainly because of the Internet traffic.

ISDN was introduced in the Norwegian market
10 years ago. There have been significant substi-
tution effects between ISDN and PSTN in this
period. The ISDN forecasts consist of: 2B+D
residential, 2B+D business and 30B+D business.
Also multiple ISDN line forecasts will be imple-
mented.

The ISDN forecasts have been important for plan-
ning and providing new network components.

Because of competition and substitution effects
between services, the penetration of PSTN and
ISDN have saturated the Norwegian network.
Now, the new PSTN and ISDN forecasts reflect
a smaller number of subscribers. There are two
main reasons for the decrease:

* Some residential customers substitute their
main telephone subscriptions with mobile
subscriptions

¢ Some residential customers substitute their
PSTN/ISDN Internet connections with ADSL.

These forecasts are crucial for network planning.
The forecasts show as a function of time the
spare capacity in the network regarding traffic
capacity and number of connections.

The subscriber forecasts have been important
also for restructuring the access network. The
forecasts are used for planning and establishing
service connection points in the access network
and for dimensioning the access lines and fibre
rings between the service connection points.
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Subscription forecasts have been developed for
(narrowband) Internet, ATM, ADSL, SHDSL,
SHDSL point-to-point, Fast Ethernet and GB
Ethernet and leased lines. The subscription fore-
casts give valuable information for planning, di-
mensioning and expanding the network structure.

However, it is important to take into account sig-
nificant substitution effects between the services.
The ISDN and PSTN forecasts are mutually
dependent. The ADSL forecasts influence sig-
nificantly the narrowband Internet forecasts

and ISDN and PSTN forecasts. Lost PSTN and
ISDN market shares for the incumbent increase
the leased line demand forecasts. Subscription
forecasts for 2.5G and 3G increase the leased
lines forecasts. Increased ADSL subscriber fore-
casts and demand for LLUB increase the leased
line forecasts because of expansion of the traffic
capacity between DSLAM and broadband access
point, and because of additional traffic in the
transport network. Subscriber demand forecasts
for SHDSL and SHDSL point-to-point and
point-to-multipoint will lower the leased lines
forecasts, since the new services are leased lines
substitutes with cheaper tariffs and a degraded
service quality.

To be able to control the dependencies, forecast-
ing models for the different services are linked
together.

6 Traffic Forecasting

An important part of network planning is design
of network structures. The PSTN/ISDN consists
of the access network including local exchanges,
region networks including group exchanges and
the long distance network including long dis-
tance exchanges and national exchanges. To
maintain a high degree of reliability, indepen-
dent routes are established between local ex-
changes and group exchanges on the one hand
and between group exchanges and long distance
exchanges on the other hand. Between the long
distance exchanges there is a logical mesh net-
work. However, even when there is a mesh net-
work there is a simpler physical network taking
into account the logical mesh network abilities.
The physical network is based on deployed fibre
rings and SDH transmission equipment.

Network planning designs optimal structure of
the network with the nodes (exchanges) and the
routes by minimising the costs for a given redun-
dancy. Important factors are the exchange sites,
the route length and the capacity on the routes.
Specific network planning tools have also been
developed to minimise the investments. Differ-
ent tools have been developed for the access net-
work and for the transport network. The tools
can be applied for establishing new network
structures or for expanding the network.
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The traffic forecasts are important input for
designing the network and for dimensioning the
exchanges and capacity on the different routes
and as input to the network planning tools.

The busy hour traffic forecasts quantify increases/
decreases in the traffic. The dimensioning calcu-
lations based on queuing theory add some extra
capacity to control random variation in the traf-
fic load during the busy hours. When the traffic
on a route or in an exchange approaches the
capacity, an expansion will be carried out. The
expansion of the capacity will be based on the
forecasts for a given planning period.

The forecasting procedure described is used not
only for the PSTN/ISDN but for other networks
like PSDN, Frame relay/ATM, Digital Cross
Connect, various IP networks, networks for
mobile operators and leased lines. There are dif-
ferent possibilities for making traffic forecasts.
One possibility is to measure the traffic and use
the traffic measurements as a historic database
for the forecasts. One problem is rerouting of the
traffic based on new network structures or
because of change of interconnection sites in the
network. Such changes affect the traffic mea-
surements, which have to be adjusted before the
forecasts can be developed. Another possibility
is to analyse the total traffic growth in the given
network and make the forecasts on the aggre-
gated level.

A detailed description of the traffic forecasting
procedure for the transport network is described
in [1]. The traffic forecasting procedure for the
transport network is rather complex since the
network carries business and residential traffic
from all the other networks.

7 Capacity Forecasts

Models for making traffic forecasts during the
busy hour have been described. However, the
capacity needed to carry the traffic is higher.
Additional capacity has to be dimensioned tak-
ing into account stochastic variations around the
mean traffic in the busy hour. Usually Erlang’s
blocking formula is applied for voice traffic,
while Lindberger’s approximation is useful for
dimensioning the data traffic capacity [90]. The
traffic will probably be transported on SDH sys-
tems where packet overhead is added. In addi-
tion the systems’ average load factor is less than
the maximum capacity. Finally there will in gen-
eral be some extra dimensioning since the ex-
pansion of the network is planned and deployed
stepwise. A planning period is defined as the
time between two expansions. The duration of
the planning period is found by taking into
account the repeating costs by performing the
expansion and the unused investment means
during part of the period. The optimal planning

period is found by minimising the total costs.
The estimation of additional capacity depends on
the planning process and the technical systems
and will vary from one incumbent to another.

8 Forecasting Methodologies
A variety of forecasting models are used for pre-
dicting the evolution of the telecommunication
market. An important task is collection and anal-
ysis of statistics — historical data. A lot of re-
sources are used to maintain rather large cus-
tomer based systems. An extraction of data

from these systems is used to create subscription
statistics, which is a base for subscriber fore-
casts. In addition specific measurement systems
are established to extract traffic measurements
on specific points in the networks and also on
the aggregated level.

The forecasting models take into account histori-
cal data. The most common models for access

forecasts are:

¢ Diffusion models

* Regression models

e Econometric models
¢ ARIMA models

e Kalman filter models
* Smoothing models

The access forecasting models have to take into
account substitution effects between services as
pointed out in chapter 5. Even the competition
between the incumbent and the other operators
influences not only the access forecasts but also
the BOT and leased lines forecasts. Telenor is
using a rather comprehensive composite model
where the substitution effects between PSTN,
ISDN, Leased lines, ADSL, VDSL/ADSL2+,
HFC, FTTH, FWA are included. Important fac-
tors in the model are the predicted technology
coverage for the coming years, the predicted
market shares etc.

The most common models for traffic forecasts
are:

* Regression models

e Econometric models
¢ ARIMA models

e Kalman filter models
* Smoothing models

In addition specific forecasting procedures can
be used. The traffic is generated by sources and
moves in a network from source to a set of sinks.
To dimension the network, it is important to
know the traffic behaviour from the edge routers
or the local exchanges. The traffic streams are
mapped in a traffic matrix. Each element in the
matrix denotes the traffic between two ex-
changes. Suppose the number of exchanges is
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N. Then an NxN matrix describes the traffic be-
tween all exchanges. Specific forecasting proce-
dures can be used to forecast the traffic in the
network or the matrix. The procedures are used
when the network structure is stable during a
certain period.

The best known traffic matrix forecasting proce-
dure is Kruithof’s method [103]. The method
makes traffic matrix forecasts based on the ob-
served traffic matrix, let us say at time 0, and
forecasts of the outgoing traffic and forecasts of
the incoming traffic from an exchange, let us say
at time ¢. The outgoing traffic corresponds to the
row sums in the traffic matrix and the incoming
traffic corresponds to the column sums. There
will be inconsistency between the row sums at
time 0 and the forecast row sums at time 7 and in
the same manner for the column sums. To reach
consistency, Kruithof’s method tries to take into
account both the traffic structure at time 0 and
the row and column forecasts in the best possible
way. Hence Kruithof’s method uses an iteration
procedure to get a compromise between the traf-
fic matrix structure at time O and the forecasts.
The iteration procedure upgrades the rows in the
traffic matrix to correspond with the row sum
forecasts. Then the iteration procedure upgrades
the columns in the traffic matrix to correspond to
the column forecasts. After some iterations the
adjusted traffic matrix elements correspond to
the row and column forecasts, which gives a
traffic matrix forecast at time 7.

An extension of Kruithof’s method can be per-
formed by making point-to-point forecasts for
each element in the traffic matrix together with
forecasts of the outgoing traffic and incoming
traffic from each exchange and then adjust the
traffic elements in the matrix based on the
exchange forecasts using the same iteration
procedure.

A further extension of Kruithof’s traffic matrix
forecasting procedure has been developed. The
weighted least squares method is based on the
fact that the relative uncertainties in the traffic
element forecasts are larger than the row and
column sum forecasts. The method calculates
the adjusted traffic element forecasts by taking
into account the relative uncertainty in the traffic
element forecasts and the row and column sum
forecasts. The different forecasts are found by
weighting the forecasts according to their uncer-
tainty using weighting least square method.

Extended least square method takes also into
account the total traffic forecasts for the whole
traffic matrix. The total traffic is defined as the
sum of the row sums or the sum of the column
sums in the matrix, which of course are identi-
cal. The method is based on the statistical princi-
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ple to use as much information as possible.
Hence, forecasts of the traffic elements, the row
sums, the column sums and the total traffic are
used. The model is described as follows:

* Cj; is the traffic between i and j at the time 7
e C;,is the traffic from i at time ¢

¢ C s the traffic from j at time 7

e C ,is the total traffic at time ¢

The forecasts at time 7 is given by Cijr’ Cl-j,, Cijt
and C , respectively. The extended weighted
leased square forecasts are denoted by {£} and
found by solving the following minimisation
problem:

The square sum Q is defined by:

Q=2 oy (Eyi— Cyp) + 2 B (Ei = Cp)
+3y,(E;—C)+Z8(E,~C.)

where {aij}, {B;}, {)(]-} and 0 are given constants.
The square sum is minimised given that adjusted
forecasts {E} are consistent, i.e. satisfy the con-
dition that the row sum is equal to the row sum
forecasts of each element and the column sum is
equal to the column sum forecasts of each ele-
ment and the sum of the elements in the whole
matrix is equal to the total forecasts. A natural
choice of the weights is the inverse of the vari-
ance of forecast uncertainty of the forecasts. One
way to find estimates of the forecasts’ uncer-
tainty is to perform ex-post forecasts and then
calculate the mean square error. The solution

of the minimisation problem is found by using
Lagrange’s multiplicator method adding the con-
straints based on consistency in the adjusted
forecasts. By using the method we get N(N + 3)
+ 2 equations when N is the dimension of the
traffic matrix. The solution of the system of
equations gives the traffic matrix forecasts.

The forecasts methodologies are described in
more detail in [91-103].

9 Forecasts Uncertainty and
the Risk

There are always uncertainties connected to

forecasts. Network planning decisions have to be

made based on expectations of future evolution.

The uncertainty in the evolution can be classi-

fied in the following main groups:

e Uncertainty in market (penetration and market
share) forecasts

* Uncertainty in tariff forecasts (predictions)

e Uncertainty in network component cost pre-
dictions.
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The effect of uncertainty in the predictions should
be quantified to examine the consequences. The
first step is to find the most critical variables in
the project. The next step is to perform calcula-
tions based on variation in the critical variables
to identify the consequences.

One possibility is to apply sensitivity analysis.
Another and more advanced method is to use
the risk analysis. The output in an economic risk
analysis is net present value (NPV), internal rate
of return (IIR) and pay back period. One of the
outputs or all of them simultaneously can be
used in risk analysis.

Instead of using the expected forecast, say at
time ¢, a probability distribution of the forecast
at time ¢ has to be used. Similar probability dis-
tributions have to be constructed for all critical
variables. Usually truncated Normal distribu-
tions or Beta distributions are used.

A Monte Carlo simulation with 1000 — 5000 tri-
als is performed. In each trial, a random number
is picked from the predefined probability distri-
butions; one for each of the critical variables.
The simulation gives as output the cumulative
distribution of NPV, IIR and pay back period
and the ranking of the critical variables accord-

Statistical Variation of the input
parameters

Using Monte Carlo Simulation
Results: probability distribution,
risk profile of the business case
Extended basis for investment
decisions

Figure 2 Risk analysis

ing to their impact. This uncertainty ranking is
based on the percentage to the contribution to
the variance of the NPV or the rank correlation
with the NPV.

A commercial spreadsheet application Crystal
Ball has been integrated with the techno-eco-
nomic tool. A graphical interface in Crystal Ball
makes it possible to specify the distribution
functions directly from a palette type of menu
inside the techno-economic model.

The risk analysis has been applied on a set of
different cases studying strategies for rolling out
new network technology [6, 9-10, 16-17, 32,
37,47, 49, 56, 61-64, 67, 69, 73,75, 77, 78-80].

10 Conclusions

The paper documents that forecasts and forecast
methodology are important factors in the net-
work planning process and strategy process for
rolling out new technology platforms. Since the
forecasts are uncertain, it is recommended to use
risk analysis to evaluate the risk generated by
forecasts and predictions of other critical vari-
ables. For more detailed studies the papers in
the reference list should be studied.
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Topics: 1A
1 Introduction

The line switched voice traffic has traditionallgdn a significant part of the traffic in the trangmetwork.
However, during the recent years Leased lines eddby different operators and also the Leased bnésred
from the business market have expanded the transetwork capacity. A new capacity wave has alactes:
the data traffic moving from narrowband to broadbarhe data traffic is increasing exponentially sl
during some years be the dominating traffic intth@sport network. Important traffic drivers are&dband
applications carried by HFC, ADSL, VDSL, LMDS, UMT&d WLAN.

This paper analyses the traffic and capacity eiaiutf the transport network of an incumbent opmraaving
the possibility to integrate different type of fiafinto the network. A traffic volume indicator éeveloped for
traffic increase in the transport network. The asderecast modelling has been developed basedrtad the
results from the projects ACT 384 TERA IST-2000-28project TONIC [1 — 11].

2 Market segments

Services

Traffic from the services is transported on diffareetwork platforms or on leased lines. Importewvices for
the transport network are: POTS/ISDN, Internet,deehlines, PSDN (packet switched data network)nEra
relay, ATM, IP Virtual private network(VPN), ADSLIESL, VDSL/LMDS, Fast Ethernet, Gigabit Ethernet,
Lamda wavelength, Dynamic bandwidth allocation.

Market segments

An incumbent operator is leasing transport capdoityther operators. In addition the incumbentrsffeansport
capacity to the residential and the business mafiket incumbent operator offers transport capagther via
own service provider or as wholesale. A segmentaifche market will be:

Residential market: POTS, ISDN, Internet, ADSL, VDSL, LMDS, HFC

Business market: POTS, ISDN, IP VPN, Internet, PSDN, Frame RelayMARDSL, SDSL, VDSL, LMDS,
Leased lines, Fast Ethernet, Gigabit Ethernet, laamavelength, Dynamic bandwidth allocation.

Operators. ADSL, SDSL, VDSL, LMDS, Leased lines, Fast EtteriGigabit Ethernet IP-VPN, Lamda
wavelength, Dynamic bandwidth allocation. (mobifemtors, ISPs, other operators)

Network platforms

Relevant network platforms are: POTS/ISDN, PSDMNfe Relay/ATM, Digital Cross Connect, Various IP
Networks including IP networks for mobile operatdreased lines. POTS/ISDN is a line switched nekwor
Leased lines have no concentration effect at dilileithe other network platforms also have pachatched
concentration.

3 Traffic from the residential market

The residential market generates different typaffic: Voice traffic, Dialled Internet traffic, BSL traffic,
VDSL/LMDS traffic
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The voice traffic has nearly reached saturation. During the nexisydlae line switched voice traffic will be
rather stable before parts of the line switched&diaffic are substituted by IP voiche dialled Internet traffic
reaches maximum within a few years. Then the dldi¢ernet traffic will continuously be substitutbg
broadband traffic. A battle has already startedvbeh broadband operators to capture parts of tredband
market.

Broadband access forecasts have been developesl IST-2000-25172 project TONIC. Figure 1 shows the
market share evolution of ADSL, VDSL, FWBB (Fixedr@ess broadband) and HFC/cable modem for West
European countries.
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Figure 1 Market share distribution and prediction of ADSL, VDS, FWBB and HFC(cable modem) for West
European countries

Figure 2 shows total broadband penetration. Contibimaf the figures gives the broadband penetrdtoreach
technology.

70,0

60,0 A
50,0 /

w00 /

30,0 /

20,0 /

10,0 /

0,0 ‘//

T T

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Figure 2 Broadband penetration forecasts for the residential market

Now, the question is which traffic is carried iretimcumbent’s transport network. Usually the cabigHFC
traffic is carried outside the transport networkijlera part (market share) of the penetration chesf the other
technologies will be carried in the incumbent’sigport network.

A traffic volume forecast indicatort), for the residential busy hour traffic into ttransport network is given
by:

Vr(t) = N Zizq, 2,3 b U Aig Ge Mg pre 1)

i =1 denotes voice traffic
i =2 denotes Dialled Internet
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i =3 denotes ADSL

i =4 denotes VDSL

i =5 denotes FWBB

N, is number of households in year t

by is busy hour concentration factor for technologyyear t

U is packet switching concentration factor for temlogy i in year t
A is the access capacity utilisation for technolbigyyear t

G is mean downstream access capacity for technalimgyear t
M, is incumbent’s access market share for technalagyear t

pit is the access penetration forecasts (%) for tdolgga in year t

Market share and access penetration

The factor NM;, p; represents a forecast of number of householdseoted to the incumbent’s transport
network in year t using technology i. Suppose ttoeimbent operator have 40% of the ADSL market saade
expects to be in the same position the next y&aes, M, = 0.40 for t = 2001, 2002, - - -.

Mean downstream access capacity

The downstream access capacity, for voice traffic is 64kbs and will be the same tiext years. However the
downstream access capacity; @©r ADSL is changing. Figure 3 shows how the mdawnstream access
capacity is increasing. Now, the operators offeeisof different access capacities. There will bewolution
from low access capacities to higher access capaeispecially because of new and enhanced appfisatn
addition new functionality such as, bandwidth omdead, will be introduced by the operators. For VOB
access capacity will be about 24Mbs. However, palit of this capacity will be individual, while tlwapacity
for dedicated TV channels will be a common resotwecall households.

The market share evolution for different ADSL acceapacities is described in the IST-2000-2517pto
TONIC. Mean access capacity is calculated accorddirige distribution of different access capacif@seach
year. The results are shown in figure 3.
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Figure 3 Evolution of predicted average downstream capacity in Mbs for ADSL subscriptions

Access capacity utilisation

A broadband customer is not utilising the maximwapacity all the time. The access capacity utiksafactor
indicates average capacity use taking into accinenproportion of time during the conversation parfing
downloading and the proportion of time for upstredime factor also reflects the degree of usingstrexified
bandwidth.

Busy hour concentration

The busy hour concentration effect is well knowsublly about 10% (b= 0,1) of the customers make phone
calls in the busy hour. Traditionally Erlang’s btamy formula (assuming exponential interarrivaliand
holding time) is used for dimensioning. The busyhooncentration factor is increasing because tefrhet. For
broadband connections the busy hour concentratictoif is significantly higher because of heavy sislenger
holding times, flat rate and evolution of new apations.
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The busy hour for residential narrowband and braadbraffic is in the evening.

Packet switching concentration

The line switched services POTS and ISDN have w&gisswitching concentration (= 1). The other services
have significant concentrations. Internet use d¢tuies of sessions based downloading, thinkingupidad. The
traffic will be packet according to the use. Traaditl Internet use gives low packet switching conicion.
Applications like music on demand and video on daingenerate high packet switching concentratiore. Th
evolution of the packet switching concentratiortdadés complex.

Uncertainty in the concentration factors

Figure 4 shows possible evolutions of combinatiogisveen busy hour concentrations and packet swichi
concentrations. There are significant uncertainitig¢he evolution. The basis for the predictionsigure 4 is
0,15 (15%) busy hour concentration and 0,20 paskéthing concentration in 200Four alternatives are
defined having a linear yearly increase:

Busy hour concentration: 0,15 in 2001 to respectively 0,195 — 0,24 — 0,28533 in 2010
Packet switching concentration: 0,20 in 2001 to respectively 0,335 — 0,47 — 0,6@574 in 2010

0,300
0,250 4
0,200 ~ —e— Alternative 1
0150 _/' = Alternative 2

' —@— Alternative 3
0,100 —e— Alternative 4
0,050 +
0,000 T T T T T T T T T

2001 2003 2005 2007 2009

Figure 4 Description of possible evolutions of concentrations of ADSL traffic as a function of busy hour and
packet switching concentration

Figure 2 — 4 show a nearly exponential evolutiobroadband penetration, capacity increase anddraff
concentration the coming years. The most probataldigtion will be between alternative 2 and 3. Tiadfic
volume indicator described in equation (1) has ahrsironger exponential evolution because of midtfive
effect the same factors.

4 Traffic from the business market

The business market generates following type dfi¢feapacity: Voice traffic, Dialled Internet triaé, PSDN,
ATM, Frame Relay, DSL traffic, IP Virtual Privateelvorks (IP VPN) traffic, Leased lines, Fast andabit
Ethernet.

There are significantly substitution effects beta@SL, IP VPN, Leased lines, fast and Gigabit Btegrwhich
have to be taken into account in the forecastinggss. Leased lines are used to establish fixegections
between sites often based on head office and brafficks or between different enterprises. Theldistacd
network forms a local network with high serviceality. There are no busy hour concentration or pack
switching concentration. Leased lines constitusegaificantly part of the transport network capgcome part
of leased lines capacity will be transferred to/PN or DSL because of cheaper tariffs and in spiiteeduced
service quality/SLA.

A traffic volume forecast indicatorg¢t), for the business market busy hour trafficiieeg by:
Ve(®) = N Zi by g Ay Ge Myt pi (2)

where the different traffic/capacity types i ardinked in the first paragraph of the chapter.
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5 Traffic generated by other operators

Different operators like mobile operators, ISPEeoffixed network operators lease necessary cgpadihe
transport network. The capacity demand dependgpmmdf services offered and the market share to the
operators and of cause the probability for usirgtthnsport network to the incumbent.

The mobile operators are important transport ndtwostomers using leased lines in the transpoviordt
These operators generate during the next yearsifioly traffic:

- 2Gtraffic  (Digital mobile systems such as GSM

- 2.5G traffic (HSCSD, GPRS, EDGE)

- 3Gtraffic  (UMTS)

- 3.5G traffic  (Ubiquitous roaming among 3G and AL systems)

The access forecasts for the different systems heer developed in the IST-2000-25172 project T.onic

Subscriber penetration forecasts for different mobile systems
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Figure5 Subscriber penetration forecasts for different mobile systems

Subscription forecasts for the mobile systemsywatig the subscribers to have more than one sultiggripave
also been developed. The traffic capacity for dgtalications per user is increasing from 40 kbs,82 Mbs
from 2G to 3G, while WLAN offers up to 54Mbs. Thaffic forecast model for mobile traffic is similtr the
traffic in the fixed network. The busy hour conaatibn factor and the packet switching concentrefactor are
extremely important for the dimensioning. The seggiapplications are defined in different serviesses:
conversation, streaming, best effort and the caypacreserved according to service level agreement

The traffic forecasting model,\(t), for mobile operators is given by:

Vu® = N Zi bt Air Ge Mg it (3

Here N is number of persons, not number of householgsldviotes the market share to the operator and i = 1,
2, 3, 4 the system generations 2G, 2.5G, 3G ar@. 3 Be penetration forecastgsgre shown in figure 5. The
capacity G is a mean capacity. A 3.5G subscriber has theljlitysto use a data rate up to144kbs using UMTS
but a significantly higher capacity in WLAN hotspdhe number of hot spots available and the prapocf

time the subscriber uses WLAN compared with UMT&dhe mean capacity,CThe factor, A indicates the

real utilisation of the capacity.

Let Vo(t) be the busy hour traffic forecasts for the othyerators, then the total of busy hour trafficefmasts,
V(t), is given by:

V(1) = Vr(®) + Va(t) + V() + Vo(t) 4)
There are definitely possibilities to reduce V(t)cg the business traffic has busy hour before/aitech, while

the residential traffic has busy hour in the evgnBince the operators are using leased linegapacity is
equal during the day and night. Le$, \t) be the Leased line capacity anghl) be the packet switched traffic in
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the business market. Ther(¥) = Vg, (t) + Vgp(t). The residential broadband traffic is largearthihe packet
switched business traffic in the busy hour. Supgbat\ = 0,2 (20%) of the packet switched business buasy h
traffic is transferred during the residential bieyr. Then the adjusted busy hour traffic forec®4(s) is:

V() = Vg(t) + AVep(t) + VeL(t) + V() + Vo(1) (5)

6 Capacity forecasts

Models for making traffic forecast during the busyur have been described. However, the capaciyetk®
carry the traffic is higher. Additional capacitysh@ be dimensioned taking into account stochastiiations
around the mean traffic in the busy hour. Usuatiaiigs blocking formula is applied for voice traffivhile
Lindbergers approximation is useful for dimensignihe data traffic capacity [12]. The traffic wilfobably be
transported on SDH systems where packet overhesttisd. In addition the systems load factor in ayelis
less than the maximum capacity and finally therdkiwigeneral be some extra dimensioning sinceettgansion
of the network is planned and deployed stepwise. 8dtimation of additional capacity depends omtaaning
process and the technical systems and will vanyp fome incumbent to another.

7 Conclusions

A traffic volume indicator has been developed tingste busy hour traffic increase in the transpettvork.

The indicator estimates the traffic entering tlensport network. The traffic volume indicator does include
redundancy and protection capacity in the core odtwi elenor is using the traffic volume indicaforecasts as
input to transport network planning process — eatathg new network structures, expansion of the ogtvand
introduction of new core network technology.

The indicator depends of the application evolutiod also the tariff regime for broadband servi€esfar most
countries use flat rate for broadband traffic. Hegre specific applications will overload the traogmetwork
heavily if no actions are performed. There existnuitements to control the size of the traffidthe transport
network. A probable solution will be to introduagitf on high capacity traffic and on bandwidth @@mand and
specific applications. The traffic forecasts ussslane that a new tariff regime for broadband sesvgill be
implemented within the next two years.
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METHODS FOR TRAFFIC MATRIX FORECASTING
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Research Department
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1. INTRODUCTION

Efficient forecasting methods reduce the uncertainty in network planning. By
using forecasts with high precision as input to network planning programs,
important 1investments can be reduced in the planning procedure. In this paper a
set of new methods for making traffic matrix forecasts are introduced. The most
frequently used methods for traffic matrix forecasting are Kruithof's method and
the method based on direct point to point forecasts. In [S] a new method for
traffic matrix forecasting called the weighted least squares method was
introduced. In [1] an extension of Kruithof's method was proposed by the
Norwegian Telecommunications Administration. The revised (new) CCITT
Recommendation E.506 [2] gives an overview of the following traffic matrix
forecasting procedures:

- Direct point to point forecasts
Kruithof's method

Extension of Kruithof's method
Weighted least squares method

In this paper an additional traffic matrix forecasting method is also
introduced. This new method is an extension of the weighted 1least squares
method. All1 these methods are based on traditional forecasts as input. The
forecasts may be constructed by various forecasting models e.g. smoothing
models, regression models, state space models, ARIMA models, growth curves etc.
Another way to attack the problem is to formulate the relations between the
aggregated forecasts and the point to point forecasts inside the forecasting
procedure. This is only possible in state space modelling. A description of such
a procedure for making traffic matrix forecasts is given in [6].

2. DIRECT POINT TO POINT FORECASTING

This method is based on making separate forecasts of the elements in the traffic
matrix without taking into account the aggregated forecasts like originating
traffic (row sums) and terminating traffic {column sums) and the total traffic.

Usually it is possible to make better forecast for aggregated traffic than for
traffic on a lower level. In such situations other forecasting methods should be
preferred. Evaluation of the relative forecasting precision o(X}/X , where X is
the forecast and o(X) is the forecasting error, may be carried out before
choosing the method to be used.

3. KRUITHOF'S METHOD

Kruithof's method [3] is well known. This method uses the last known traffic
matrix and forecasts of row and column sums to make forecasts of the traffic



matrix. This is carried out by an efficient iteration procedure.

4. EXTENSION OF KRUITHOF'S METHOD

It 1is possible to extend Kruithof's method by taking into account not only the
forecasts of row and column sums but also forecasts of point to point traffic.
Kruithof's method 1is then used to adjust the point to point forecasts to get
consistency with the forecasts of row and column sums. The extended Kruithof's
method is superior to Kruithof's method.

5. WEIGHTED LEAST SQUARES METHOD

Weighted 1least squares method ([4],[5]) is again an extension of Kruithof's
method. The extended Kruithof's method assumes that the forecasts of row and
column sums are true and adjusts the point to point forecasts to get
consistency. The weighted least squares method is based on the assumption that
both point to point forecasts and row and column sum forecasts are uncertain and
makes traffic matrix forecasts by weighting the forecasts according to their
uncertainty.

6. EXTENSION OF WEIGHTED LEAST SQUARES METHOD

The extended weighted 1least squares method is a compietely new method. The
method is based on the statistical principle to use as much information as
possible both for analysis and forecasting. Hence, not only colomn and row sums
but also the total sum of the traffic in the matrix are included in the
forecasting model. The model is described as follows; let

t be the traffic between i and j at time t
t be the traffic from i at time t

t be the traffic to j at time t

t be the total traffic at time t

cij
- Cy-
- c_j
- C..

The forecast at time T is then given by C, .., C,.+, C..- and C... respectively.
The extended weighted 1least squares foigzastl Ire déxoted by E and defined in
the same way. The forecasts are found by solving the following minimization
problem:

The square sum Q is defined by:

2 2
2
+ 5 (E- -T- c- .T) (6-1)

2

where {°1j}' {pi}, {yj} and & are given constants or weights.

The square sum Q with given forecasts { C } and a set of constraints is
minimized as follows:

Mén OUE; 4r] C ) (6.2)
iJT
given
Ei‘T = § EiJT i= 1,2, ........ {6.3)
E.jT = f EijT j=1,2, ........ . (6.4)



E..T = ijijT (6.5)

A natural choice of weights is the inverse of the variance of the forecasts. One
way to find an estimate of the standard deviation and thus the variance of the
forecasts is to perform ex-post forecasting and then calculate the root mean
square error.

If there are reasons to believe that the total forecast is fairly certain, then
the last constraint may be substituted with:

C..T = ijiJT (6.6)

The solution of the minimization problem is found by Lagranges' multiplicator
method. By using this method we get a set of n{n+3) + 2 equations when n is the
dimension of the traffic matrix.

A computer program has been developed to find the extended weighted 1least
squares forecasts. The program has a relatively good input/ output module and is
simple to use.

7. EVALUATION OF THE EXTENDED WEIGHTED LEAST SQUARES METHOD
7.1. A simplified model

In order to examine the performance of the extended weighted least squares
method, an analysis has been carried out in a case where it is possible to
obtain an explicit solution of the minimization problem. No assumption 1is made
concerning the dimension of the traffic matrix. It is assumed that the
forecasted traffic elements are of the same size and that the forecasted row and
column sums are of the same size. In addition three different weights - one for
traffic elements, one for row/column sums, one for the total sum - are used.

The dimension of the traffic matrix is n. The forecasts of traffic elements,
row/column sums and total traffic are denoted by c,, and <y respectively,
while the (adjusted) extended weighted least square§ fogecasts are denoted by
e, e, and e,. The weights are defined in the same way as Wis W, and Wa.

Hence the extended weighted least squares forecasts are found by solving the
minimization problem:

Q= n(n-l)wl(el-cl)2 + 2nw2(e2-c2)2 + w3(e3-c3)2 (7.1)
min Q (7.2)
e;.e,,e,
given the constraints
e, = (n-1)e1 (7.3)
eq = n(n-1)e1 (7.4)

By using Lagranges' multiplicator method the minimization problem can be
transfered 1into solving five equations with five unknown. The explicit solution
of this problem is:

CyWy + 2c2w2 + Cqv,y

& = W, + E(n-l)w2 + n(n-I)w3 (7.5)

where e, and eq are given by equation {7.3) and (7.4).



7.2. Asymptotic behaviour

The asymptotic behaviour of the extended weighted least squares forecasts is
studied by looking on the 1imiting values of { w } in equation (7.5). It is easy
to show that:

e = ¢ when Wy, == (7.6)
e = c2/(n-1) when Wy - (7.7)
e, = c3/(n(n-1)) when Wy = o (7.8)

The values of the aggregated forecasts e, and e, are expressed in the equations
(7.3) and (7.4). In particular, if one aeight Soes to infinity all the extended
weighted Teast squares forecasts are only a function of the corresponding
c-forecast. If on the other hand, one of the weights is equal to zero, the
extended weighted least squares forecasts are a function of the two remaining
c-forecasts and their corresponding weights. By setting Wy = 0 we obtain as a
special case the weighted least squares forecasts.

7.3. The weights as a function of the variances

In order to apply the forecasting method in the right way, it is important to
investigate how the forecasts change as a function of the weights. In section 5
it was suggested to give the various forecasts weights according to their
uncertainty. A fairly good solution is to use the weights in equation (6.1)
respectively (7.1) equal to the inverse of their forecasting variance.

In the simplified model the inverse of the variance of the forecasts of the
elements, of the row/column sums and of the total sum are édentical to the
corresponding weights w,, and w,. Let the variance of c, be o“. Now, suppose
that the forecasts of g rioas elemgnts in theztraffic mat}ix are independent.
Then Var(cz) = (n-1)o” and Var(cs) = n{n-1)o”. Usually this is not true. There
are reasons to believe that there“are covariances between the forecasting errors
in the traffic matrix. To describe this effect two additional parameters k1

and k2 are introduced so that

W, = (vav‘(cl))'1 a [ o]t (7.9)
w, = Warle, )™t = [k (n-106? 172 (7.10)
Wy = (var'(c:,))"1 = [ kzn(n-l)o2 17! (7.11)

Inserting equations (7.9), (7.10) and (7.11) into equation (7.5) gives

€y = Pylyy *+ Pphyy *+ Pahyy (7.12)
where { p } is a probability distribution as a function of { k } given by :
°1=r—'|:'l:2—’zr’ °z=r'+—:—kz|<—+zk—' °3=r+—k-k11:—+7r (7.13)
1t K%o* €K 1t K%et K2 1" ket <k

and { A } is a function of { ¢ } given by:

A, =0 , .

3
11 207 T -~ % * At AT T G (7.14)
The { A } function can be interpreted as increments in the traffic element
forecasts caused by the aggregated forecasts. For instance, A 1 shows the
increment 1in the element forecasts if only the total forecast ig taken into
account. The { p } distribution determins the weights given to the various
forecasts. For instance, if p3 = 1 then all weight should be put on the total



forecast (k,= 0) which corresponds to the situation described by equation (7.8).
If p1 =1 tﬁen all weight should be put on the row and column sum forecasts
(k 0) which is analogous to using Kruithof's extended method.

Now. suppose that k 1 and k 5 1. Then the probability distribution { p } is
equal to {0.25, O. 50 0.25} and“the extended weighted least squares forecast are
given by:

) 1 2 1
e = C, + (3-) A, 4 (T) Ay, + (T) A,

In this case 25X of the weight is put on the element forecasts, 50% of the
weight is put on the row and column sum forecasts and 25% of the weight is put
on the total forecast.

By varying the parameters {k} different values of the probability distribution
occur. The table 7.1 shows the variation of the probability distribution as a
function of {k}.

Table 7.1 The probability distribution {p} as a function of {k}

Ky 0.5 1.0 2.5

ky p Py Py Py Py Py Py Py Py Py

(] 0 1 0 0 1 0 0 1 0

0.5 0.14 0.57 0.29 | 0.17 0.67 0.17 0.19 0.74 0.07
0.8 0.18 0.45 0.36 | 0.22 0.56 0.22 | 0.26 0.64 0.10
1.0 0.20 0.40 0.40 | 0.25 0.50 0.25 0.29 0.59 0.12
1.2 0.21 0.36 0.43 | 0.27 0.45 0.27 0.33 0.54 0.13
1.5 0.23 0.31 0.46 0.30 0.40 0.30 | 0.37 0.49 0.15
2.0 0.25 0.25 0.50 | 0.33 0.33 0.33 | 0.42 0.42 0.17
2.5 0.26 0.21 0.53 | 0.36 0.29 0.36 0.45 0.36 0.18
- 0.33 0 0.67 |0.50 0 0.5 |0.71 0 0.29

8. EXAMPLES

In order to illustrate how the extended weighted least squares method works, a
simple example is introduced. Suppose that the original forecasts for a 4
dimensional traffic matririx are given by:

0 50 S0 50| 153
50 0 50 50| (153
50 50 0 50| {153
C: 50 50 S0 SO| {153

[153 153 153 153] [6ed]

Then
¢y = 50 , c2 = 153 and c3= 684
and
A21 = 153/3 -50=1
A3i = 684/12 - 50 = 7

Suppose, in this example, that a 1ot of efforts have been used in developing an
advanced long term forecasting model for the total sum. There are reasons to
believe that the 1long term forecasts of the row sums, column sums and of the



elements are not sufficiently precise. In this situation the weights are
subjectively put like:

py =0.10 , p, =0.20 , Py = 0.70

By using the equation (7.12) the adjusted element forecast is estimated to:
e1 = 55.1

Usually the various element forecasts, row sums forecasts etc are not identical.
Suppose instead that the forecasts are given by:

o

0 61 44 49] |157
58 0 29 57| |144
42 30 0 62} 1139
C: 52 55 65 O] |[174

150 148 143 170] [688]

Even if these forecasts are not identical, they are of the same size as the

former forecasts. The mean of the elements is 50.3 and the mean of the row and

column sums is 153.1. Since the various forecasts differ, it is not possible to

apply equation (7.12) for calculation of the adjusted element forecasts.

Instead, the extended weighted least squares forecasts are found by solving the
minimization problem given by equations (6.1) to (6.5).

It is easy to prove that there is a one to one correspondence between the
probability distribution {pl, Pp: P } and the weights {w,, w,., w,}. Using this
relationship we find that “the prabability distributi&n fo 16. 0.20, 0.70}
corresponds to the weights {1.000, 0.333, 0.587}. These weights are put into the
equations (6.1) to (6.3). Then the solution of the minimization problem gives:

0 66.1 49.7 53.8 169.6
62.1 0 34.3 61.3 157.8
47.03.6 0 67.3 150.0
E: 56.3 60.0 70.6 O 186.9

[164.4 161.6 154.7 162.5] [664.3]

The extended weighted least squares forecasts are consistent and it should be
noticed that the mean of the element forecasts is 55.3 which is not far from the
element forecasts (55.1) in the former case. Hence the original element
forecasts with mean about 50 are, especially because of Py= 0.70, forced upwards
to about 55.

In most cases, however, it is reasonable to base the weights on quantitative
information of the forecast precision. The output from the forecasting building
procedure will usually contain forecasts and their corresponding estimated
standard deviations. If the standard deviations are not given, they may be
estimated by performing ex-post forecasting and then calculate the root mean
square error. A natural choice of the weights will then be the inverse of the
squared estimated standard deviation. In this case a set of different weights
for the element forecasts, the row sum forecasts, the column sum forecasts and
the total sum forecast are used together with the original forecasts.



9. CONCLUSIONS

Kruithof's method is well known and even more used for traffic matrix
forecasting. If it is difficult or may be impossible to make forecasts of the
traffic elements, then Kruithof's method is a reasonable choice. However, if it
is possible to forecast the traffic elements, then other traffic matrix
forecasting methods should be used. This is due to the fact that Kruithof's
method only uses the information of the last known traffic matrix and forecasts
of row and column sums. The method reflects different growths in various traffic
elements only through the row and column sum forecasts.

Both the extended Kruithof's method and weighted least squares method possess
abilities to model different growths in the traffic elements. When applying the
extended Kruithof's method the element forecasts are so transformed that they
are consistent to the row and column sum forecasts. The weighted least squares
method does not postulate that the row and column sum forecasts are "true", but
gives the various forecasts (also the element forecasts) weights according to
their uncertainty.

The extended weighted least squares method also takes into account the forecast
of the total traffic in the matrix. Examples of the total traffic are:
international traffic to a group of countries, the sum of all long distant
traffic, parts of this traffic etc. It is of great importance to implement such
type of information into the forecast modelling. On this level a lot of efforts
are carried out in order to make good forecasting models. Hence it is possible,
as shown in Chapter 8, to reflect the precision of the work into the model
either in a subjective way or in a quantitative way by using the estimated
standard deviations.

REFERENCES

[1] CCITT COM-II E.50 (1986) Norwegian Telecommunications Administation.
“Procedures for traffic matrix forecasting".

[2] CCITT Recommendation E 506 (1988).

[3] Kruithof J (1937) "Telefoonverkeersrekening" De Ingenieur 52 no 8.

[4] Stordahl K, Damsleth E (1986) “Traffic forecasting methods for network
planning” 6 International Conference on Forecasting and Analysis for
business Planning in the Information Age". Tokyo.

[5] Stordahl K, Holden L (1985) “Traffic forecasting models based on top down
and bottom up procedures” ITC 11. Kyoto.

[6] Tu M, Pack C D (1986) "Improved forecasts for local telecommunications
network” 6th International Forecasting Symposium, Paris.



Risk assessment and techno-economic analysis
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The paper presents risk analyses and techno-edeoramalyses of broadband access network
upgrade strategies for Public Network Operators &able Operators in a competitive environment
in the residential and small business market. Tfexeof uncertainties in predictions of critical
parameters such as demand forecasts and marke¢slaae analysed. The assessed technology
options include broadband twisted pair modems, ioyfilber coax networks and ATM based passive
optical networks.

1. INTRODUCTION market and market shares between PNO and Cable
perators for the services: POTS, N-ISDN, CATV,
Mbit/s Asymmetric Switched Broadband and 2Mbit/s

Symmetric Switched Broadband. Other important

gconomic variables like all network component costs

The access network is expected to be one of therma
battlegrounds of the telecommunication networ
providers as a full deregulation of the serviceswdr
near in Europe. The Public Network Operators " _ X
(PNO's) are facing competition from Cable Operator§1Vil Work costs, OAM costs, tariffs etc are preid

in an almost saturated high revenue telephony mark&!r €ach year, but are not varied according to a
Most PNO's are in turn eager to provide distribetiv probability distribution as f_or the total marketdan
broadband services. Currently this Cable Operatofi@rket shares for each service. The analyses shews
dominated market is characterised by a potentialfyarket evolutlon_ and how the related uncertainties
high revenue, although the residential demand mnailnfluence on the risks for PNO and CATV operator.
uncertain. The difference in existing access neétsor 2. THE CASE STUDY

of the competitors call for quite different upgrad
strategies. This advocates for an in-depth studphef
existing competing infrastructures, and technolog
alternatives, which might be the starting point fo
upgrades to broadband [1-7].

A network evolution during a 10 year period from
1997 to 2007 has been examined. An urban,
Yesidential and small business area with the clestem
Eiving in apartment blocks with an average of 32
dwellings per block has been analysed. The average
This paper addresses some of the different chakengoutdoor loop length from the network concentrator
faced by the PNO and Cable Operators in adaptingcation to the buildings is 400 metres. Network
their present fixed network to competition. Thearchitectures for PNO and Cable Operators have
analysis of broadband upgrade alternatives focases already been established in the area, and the
one of the most competitive market segments: availability of ducts for new cables is low (20% fo
urban, apartment block area with short outdodibre and 10% for coaxial cable). In the initialayehe
average loop lengths, in which both the PNO and theéable Operator is assumed to have an existing 450
Cable Operator have an established infrastructure fMHz distribution coax network, whilst the PNO has a
their own subscribers. The methodology and toddxisting twisted pair infrastructure for delivering
developed within the project RAGE2087/TITAN? POTS (Plain Old Telephony Service) and N-ISDN
has been used to evaluate the selected set of metwgNarrowband Integrated Services Digital Network).
upgrade alternatives and strategies [10]. The technFor both operators the existing network includes
economic  analysis approach, which includesptical access network nodes serving approximately
assessment of the risk, has enabled specific000 subscribers. All of the existing PNO and @abl
conclusions and general guidelines to be drawr].[8,90perator infrastructures have been fully amortised.

In this paper extensive risk assessments are patbr

based on forecasts of the residential and smaithéss

1 RACE: Research in Advanced Communications in
Europe.

2 TITAN: Tool for Introduction scenario and Techno-
economic evaluation of Access Networks.
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Table 1. General assumptions

General assumptions Forecasted service penetrations
Number of households in area 1.024 oW
Number of buildings in an area 32 g
Number of households per building 32 0% T~
Duct availability, feeder 100% 80% | ~.
Duct availability, fibre 20% N
Duct availability, coaxial cable 10% L =<7 oo
Civil works cost per metre 25 ECU %’ oo —— T . — — A
Global cable length, distribution network 7,46 km O l .
Distance, SAP - building 400 m 5 .
Global cable length, indoor drop netwg@0,5 km § 40% 1 ," TomAse
Average cable length, drop network 20 m § 80% - —m e 2M Ss8
Discount rate 7,5% 7
Tax rate 30% W PR

0% .77 ’

DR
0% ¥ + + + + + + + |

3. THE MARKET FORECAST

The scope of this paper is the study of the broadba

upgrade of the above two networks. New services, i
forecasting and demand projections have recenén peigure 1_‘ Forecasts 1997 - 2006 of the Service
reported, derived from current spending patterns &er}etrat_lon (percentage of smqll business and
households or from market surveys [11]. In thislgtu residential market) for the. services POTS, N-ISDN,

a common set of services is assumed to be protiged CAT,V' 2Mbit's A§ymmetr|c Switched Broadband and
both operators: POTS, N-ISDN, CATV (CabIeZMb'Us Symmetric Switched Broadband

Television), 2 Mbit/s Asymmetric  Switched . i ,
Broadband (ASB) and 2 Mbit/s Symmetric Switched®"lY the annual subscription tariffs for bearears
Broadband (SSB). The CATV service penetrationdVe been considered in the analysis. Traffic iredsn
used here are European averages. The forecaste of 10t accounted for, since this is assumed to bektrun
total market of the broadband bearer services aPgtWwork specific revenue. The tariffs used are thase
extracted from a Delphi survey on broadband deman@? European averages from the TITAN Delphi Survey

carried out by TITAN in ten European countriesahd other sources. The tariff structure incorpatante
the economic analysis includes an evolution of the
[12,13].

tariffs during the study period. The evolution afiffs
Competition is assumed from 1997 on all serviced, a is strongly related to competition and penetratibime
hence the market will be shared between the PNO aggtiff elasticities for the broadband switched $eas
Cable Operator. The competition has been simulategle derived from the Delphi Survey, as described in
by appropriate adjustments of the service penetrati [14]. The CATV tariff elasticity is modelled by a
The PNO starts with the majority of the market sharsimilar approach. The POTS and N-ISDN tariffs
of the high-revenue narrowband switched servicegecrease annually by respectively 2% and 4%. The

The Cable Operator initially has the majority o€ th evolution of the annual tariffs are shown in fig@re
market share of the low-revenue CATV service.

1997
1998
1999
2000
2001
2002
2003
2004
2005
2006

Figure 1 shows forecasts for the service penetratio
percentage of the small business and residentiddana
for each service studied. The forecasts indicage th
evolution from 1997 to 2006. In the same periots it
assumed that the PNO operator will maintain 75% of
the POTS market and the N-ISDN market, the CATV
operator will maintain 75% of the CATV market,
while the two operators equally share the broadband
market: 50% each. In chapter 6 the penetratiods an
market shares are simulated around their expected
valued according to a Normal distribution to exasnin
how changes in penetrations and market shares
influence the risks and the economic outcome of the
projects.

To be presented at Networks ‘96, Sydney, Novemb2021996. 2



network with broadband fibre technology. The former
represents a limited degree of service integration,
whilst the aggressive upgrade enables an introolucti
of a full service fibre network. Detailed sketchufs
the architectures for the PNO alternatives are shiow
figures 3 and 4.

Annual tariffs

2.500

2.000 + Public Network Operator

Fiber To The Node, enhanced copper architecture

5 Local Service Access Customer
Q 1500 __ Point (Node) Premises
b | [ |
— | |
S ‘ | Twisted :
8 7: pairs : POTS”
T = il !
2 1,000 - INTL 5!
[— I
< = | DSk Asts)
|
500 1 ;

T
- Twistej- '
ORDXG pairs \ 2M SS
|

Figure 2. Tariff evolution.

4. B ROADBAN DU PG RADE OPT|ONS LEX iFeed(—‘i‘r Service Access Poi;n Distr.} Building

The network operators face great strategic chmlenglzigure 3: The PNO FTTN upgrade option: FTTN

" work. both with t tctiole grchitecture with enhanced copper and a parallel
sensitive access network, both with respect tacte distribution network for CATV.

of transmission medium and system technology.

Optical fibre cable, coaxial cable and twisted aapp PNO, FTTN: The PDH ring between the local
pairs are the relevant wireline transmission medi@xchange and the Service Access Foi8AP) is
Alternative system technologies encompass enhancegplaced by an SDH ring in 1997. In the distribatio
copper options like ADSL (Asymmetric Digital network ADSL and HDSL equipment is installed to
Subscriber Line), VDSL (Very high-speed Digitalprovide new services like 2 Mbit/s ASB, i.e. Seevic
Subscriber Line) and HDSL (High bit-rate Digitalon Demand (SoD), and 2 Mbit/s SSB. In addition, a
Subscriber Line), the fibre option of ATM-PON CATYV distribution network is installed.

(ATM based broadband Passive Optical Network) and

HFC (Hybrid Fibre Coax) for coaxial cable networks

[15].

Two different access network upgrade alternatives
have been examined for each of the two operators:

1. PNO, alternative 1: FTTN (Fiber To The Node,
1.000 home passed per node) architecture with
enhanced copper.

2. PNO, alternative 2: FTTB (Fiber To The Building)
architecture based on ATM-PON

3. Cable operator, alternative 1: FTTN architecture
based on HFC with Cable modems.

4. Cable operator, alternative 2: FTTB architecture
based on HFC.

4.1 PNO upgrade alternatives

The alternative considered highlight the economit a

technological implications for moderate operators The Service A Poi ‘ h K
which aim to utilise the existing twisted pair cepp e Service Access Point refers to the networ

cables as the basic transmission medium, andocahsatlon of the concentrator, as used in selvera

aggressive operators which extensively upgrade thguropean countries with modem access network
infrastructures.

To be presented at Networks ‘96, Sydney, Novemb2021996. 3



Public Network Operator Cable Operator

Fiber To The Building, ATM-PON Fiber To The Node, Hybrid Fiber Coax
Local Service Access Customer
Exchange Point (Node) Premises Node Customer Premise
T T T T T ! CT T T T T T T T | [ 1
| ADM[™ | Twisted | : |
I :SDI—H | pairs | I I
! Rin Il vy | ! | |
: E DXCOR : g : [NT1] : : :
I I ! ( ) | I |
I |PSTN | | | : :
IL{Exch] | | ! ! 1
T ! | ) I I
! serSer : ! E| ‘ o/ED> ! ‘
g ‘ ! [ ‘ : :
XL | ) o
CATM | | |AONG : L
| : H2m As ! | |
| |[ATM OL ! [am ss ! | |
! ! | | | |
0 0 1 0 ‘ i | o
| / A— O/
: From O/E'D ! Q \ D : : :
I HE | | | ! !
[ | Lo ______ I [ Lo !
LEX Feeder Service Access PoinDistr. Building HUB Feeder Node Distr. Building ‘

Figure 4: The PNO FTTB upgrade option: FTTBFigure 5: The Cable Operator FTTN upgrade option:
architecture with an ATM broadband passive opticaFTTN architecture with a HFC network for all
network for broadband services and a parallekervices.

distribution network for CATV. (The ATM exchange '%able Operator, FTTB:Fibre is deployed to the

not included in the calculations.) buildings in 1997. This yields a fibre rich network
PNO, FTTB:New technology is introduced during thewith separate fibres between the HUB (serving
period from 1997 to 2002. The PDH point to poinapproximately 4.000 homes) and the buildings. Cable
connection to the HUB is replaced by an SDH basedodems are installed, with 2 Mbit/s dedicated
ringstructure. The deployment of an ATM-PON in archannels access data modems are provided for 2
FTTB configuration is started in 1997 in order toMbit/s ASB subscribers.

provide new services like SoD and 2 Mbit/s SSB. In
addition, a combined fibre-coax network for CATV
distribution is installed in 1997.

Cable Operator
Fiber To The Building, Hybrid Fiber Coax

HUB Node Customer Premises

4.2 Cable Operator upgrade alternatives |

The Cable Operator upgrade alternatives represeht
moderate operators which only partially integraeirt
network by sharing duct layout, and aggressive
operators which fully integrate the network by!
providing the service set over the same duct lgyoutro HE 3> i
transmission medium and network termination ursts a ‘ |
well. Detailed sketches of the architectures foe th, |
Cable Operator alternatives are shown in figurasd
6.

POTS, ISD
2Mbit/s SSB,

O/E|

2Mbit/s ASB,

: To servers

Cable Operator, FTTN:The existing coaxial cable | i
infrastructure between the access node servingd1.00 ;

subscribers and the homes are kept during the degra-------- LT e
period. In 1997 the CATV network is upgraded to bi- HUB Feeder Node Distr. Building
directional network with return path. All servicase Figure 6: The Cable Operator Fiber To The Building
then offered on the integrated coaxial cable nééworupgrade option: FTTB architecture with a HFC
Cable modems are installed at the customer premisegtwork for all services.

10 Mbit/s shared access data modems are for used fo

2 Mbit/s ASB. 5. THE TITAN METHODOLOGY

The methodology developed by the RACE
2087/TITAN project has been applied to evaluate the
broadband upgrade case [10]. The ability to combine

To be presented at Networks ‘96, Sydney, Novemb2021996. 4



low level, detailed network parameters of significa expected value and one estimated standard deviation
strategic relevance with high level, overall stgite are given.

parameters is a key feature of this methodology anld

e ble 2. Expected values and estimated standard
tool as compared to other similar assessment method” ™.~ .
eviations of market shares to PNO operator and
and tools recently reported [16].

Cable operator for each service studied

In TITAN the network costs are calculated taking th
evolution of component costs into account. The cog
trends of the various network elements are derivef

Expected values and standard deviations
Value Standard

from initial cost, appropriate learning curve deviation
coefficients and network penetration assessment ovf’NO market share, POTS| 75 % 7,5 %
the study period considered. A database includinf2nd ISDN

costs at a given reference year for component§2NO market share, CATV 25 % 2,59
installation, civii works and operations and|PNO market share, 50 % 5%

maintenance (OAM) has been developed within th§2 Mbit/s ASB/SSB
TITAN project. The database contains data gathergCable op. market share, 25 % 25%
from many European sources. The cable infrastractujfPOTS/ISDN

costs of the network are calculated using a gedmetr|Cable op. market share, 75 % 7,5 %
model which involves parameters such as subscrib§CATV
density, duct availability and type of civil workss |Cable op. market share, 2| 50 % 5%

inputs. At first the discounted system cost isdi  |Mbit/s ASB/SSB
then OAM costs are calculated using inputs from the

cost database, yielding life-cycle costs. Finale t ) ) ]
overall financial budget is calculated for the vas FOr €ach variable the values uniquely defines a

projects by incorporating revenue estimates frofyormal distribut_ion. The set of _Normal distribuﬂn
demand and tariff inputs. are used to simulate all service penetrations and

market shares. Since all service penetrations and

6. RISK ASSESSMENT METHODOLOGY market shares are simulated simultaneously, it is
. necessary to perform a great number of repeatesl run

The TITAN tool also contains a methodology forfto, getting a representative output of the economic

calculating economic risks. The main point in riskegits of the different upgrade alternatives stddi
analysis is to introduce a probability distribution

instead of the expected value for each critice
parameter in the model. A simulation program calle Standard deviation trend
Crystal Ball based on Latin Hyper Cube simulatigns

used in combination with the TITAN tool to calceat 20% 7 .
economic outputs based on various set of the afitic | .
parameters. These includes a procedure is made ,
linking the parameter values in time based o 16% 1
prediction function for the expected value and tfor
standard deviation.

14% -
12%

In this paper, the competition between PNO and €ahb
operators is modelled by adjustments of the servic
penetrations. The methodology for risk assessngent
used to analyse the effect of uncertainties i
predictions of critical parameters. These include:

10% -

8% +

6% T

Standard deviation trend (%)

y
4% T

« The respective market shares (in percentage) of t
PNO and the Cable operators

e Total market demand forecasts for POTS, N 0%
ISDN, 2Mbit/s ASB, 2 Mbit/s SSB and CATV.

* Tariffs

* Costs of key network elements Figure 7. Estimated standard deviations of foreedst
service penetration (percentage of small businests a
. ] residential market) 1997 - 2006 for the services
6.1 Risk assessment assumptions POTS, N-ISDN, CATV, 2Mbit/s Asymmetric Switched
The assumptions used in the risk assessments &®adband and 2Mbit/'s Symmetric Switched
shown in figure 1, figure 7 and table 2. For eacBroadband
service penetration and each market share one

2% A

1997
1998 +
1999
2000
2001
2002
2003
2004 +
2005
2006
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In the risk analysis the simulated value is obtaibg Analysis show that the uncertainty in the total kear
adding to the mean forecasted value the produitteof forecasts for the different services has the s&shg
standard deviation values shown in figure 7 and thefluence on the variation of net present valuee Th
normal distribution, as shown in figure 8. most significant effects are contributed by I1SDiNla
POTS. Our study shows that the expected net present
value divided by installed first cost is about 1.19
There is a 10% probability that the factor is ldsmn
0.95.

Total market forecast, ISDN

Table 3 illustrates how much the different market
variables influence on the variation of net present
value divided by installed first cost (NPV/IFC).

Sensitivity Chart

3 ) N ) 43 Target Forecast: npv/ifc
) ) Total market forecast, POTS 38,5%
Total market forecast, ISDN 28,8%
Figure 8. The normal distribution applied to theato POTS market share PO 29
Total market 2M SSB 6,8%
market forecaSt for ISDN N-ISDN market share, PNO 1,0%
2M ASB market share, PNO 0,8%
The forecasted values used here are the Net Pres |cavmmesmerno
Valuet, the Net Present Value divided by Installeg e o
First Costs and Payback period. Toral maret 24 A

0% 25% 50% 75% 100%

Measured by Contribution to Variance

Table 3 Ranking of market variables according to
7. RESULTS AND DISCUSSION their influence on the variation of net presentuel
The risk assessment has been applied to all fodivided by installed first cost(NPV/IFC)

technical upgrade alternatives and the followin
results illustrate the uncertainty in the differésthno-
economic outputs and the ranking of paramete
having the most important effects on the uncemaint

q‘able 3 shows that the uncertainty in the totalkear
I‘Igrecasts for the different services also has the
strongest influence on the variation of NPV/IFCeTh
most significant effects are contributed by thealtot
market for POTS and ISDN. In addition also the
7.1 PNO, Fibre to the node (FTTN) uncertainty in the mar_ke_t share for POTS contribute
substantially to the variation.
Figure 9 shows the frequency distribution of nigﬂe expected payback period in this case is 4.12.
ere is a 10% probability that the payback pergod
greater than 4.69 years. The uncertainty in thal tot
market forecasts for the different services alseeha
the strongest influence on the variation of neseng
998 Trials shown|  VAIUE. In addition the market shares of ISDN and 2M

present value based on the variation of the mar
inputs.

Forecast: npv

Cell K11 Frequency Chart
038 = SSB contributes significantly.
g 029 285 :H
E o " ||| h % 7.2 PNO, Fibre to the building (FTTB)
£ oo m"""" """"""m [ g The expected net present value for the FTTB
oo Lo IRl 0 alternative for the PNO is about 400.000 ECU. There
200.000 375,000 550.000 725,000 900.000 is a 10% probability that the net present valué el

less than 285.000 ECU. Analysis show that the
Figure 9. Frequency distribution of the net presentincertainty in the total market forecasts for the
value different services significantly influence on the

The expected net present value is about 532.000. Ecgrelilg?e (;t)th?ithtreejTar;/t t%/glgoetélmsrkrgtogrfg%can
There is a 10% probability that the net presenteval POTS and also POTS market share
will be less than 402.000 ECU. '
Figure 10 shows the frequency distribution of the
tféa&tor NPV/IFC based on the variation of the market

4 The NPV as used here is the discounted accumula
revenues minus the discounted accumulated coé?gms'
(IFC and running costs). The residual network value
is also included in the NPV.
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Forecast: npvlifc Table 4 Ranking of market variables according to
Cell M11 Frequency Chart 993 Trials Shown their influence on the variation of net presentueal

032 - 32

,024 Sensitivity Chart

Target Forecast: npv

,016

Total market 2M SSB. 32,2%

Total market 2M ASB. 28,6%

Probability
Aauanbaiy

Total market forecast, ISDN 14,3%

Total market forecast, POTS 8,9%

POTS market share Cable operator 7.1%

2M ASB market share, Cable operator 3.2%

2M SSB market share, Cable operator 3,1%

CATV market share, Cable operator 2,0%
ISDN market share, Cable operator 0,5%

Figure 10 Frequency distribution of net presental | | o e carv oo%
divided by installed first cost (NPV/IFC) e e wm e

The expected NPV/IFC is about 0.63. There is a 10%
probability that the factor is less than 0.44.

Table 4 shows that the uncertainty in the totalkefar

The uncertainty in the total market forecasts for t . .
Eorecasts for the different services has the seeng

different services is the most important facto f th it f net t val Th
contributing to the variation of net present vallibe influence on the vanation of net present vajuee

most significant effect are contributed by totalrkez most S|gn|f|can_t effects are contributed t.)y the
for ISDN. 2M ASB. POTS and also the market shar roadband services. The expected NPV/IFC is about
for POTé ' .70. There is a 10% probability that the factoleiss

than 0.55. The uncertainty in the total market dasts
Figure 11 shows the cumulative frequency distridnuti for the different services has the strongest effedhe
of payback period based on the variation of theketar variation of net present value. The most significan

inputs. effects are contributed by the total market for 2M
= : ASB, POTS and ISDN.
orecast: payback

Cell 11 Cumulative Chart 900 Trials Shown|  Figyre 12 shows the cumulative frequency distriuti

- 990

of payback period based on the variation of theketar
742 inputs.

743

495 | 495

Forecast: payback

Probability

Cell J11 Cumulative Chart 993 Trials Shown
993 4 - 993

248 - | 247

Aauanbaig

,000

745 | 744

1497 | 496

248 4

Probability
Aauanbayy

Figure 11 Cumulative frequency distribution of the
payback period

| 248

,000

The expected payback period is 6.80. There is a 10
probability that the payback period is greater t&da _ o
years. The uncertainty in the total market forecést Fi9ure 12 Frequency distribution of the payback
the different services again significantly influenthe ~ P€riod
variation of net present value. The most significanThe expected payback period is 5.75. There is a 10%
effect are contributed by the total market for POT%robabmty that the payback period is greater (5794
CATV, ISDN and also the market share for CATVyears. The uncertainty in the market shares for the
and 2M SSB. different services is in this case the most impurta
influence on the variation of the payback period.

7.3 CATV, Fibre to the node (FTTN)

The expected net present value is about 215.000. ECU

There is a 10% probability that the net presentieval 7.4 CATV, Fibre to the building (FTTB)

will be less than 149.000 ECU. )
The expected net present value is about 96.000 ECU.

Table 4 illustrates how much the different mal’keﬂ'here is a 10% probabi”ty that the net presenﬂ@a]
variables influence on the variation of net presenill be less than 30.000 ECU.

value.
The uncertainty in the total market forecasts fug t

different services significantly influence on the
variation of net present value. The expected NPW/IF
is about 0.13 which is very low. There is a 10%

To be presented at Networks ‘96, Sydney, Novemb2021996. 7



probability that the factor is less than 0.04. Ased 7.6 Evaluation of upgrade alternatives.

show that the uncertainty in the total market fasts The risk analysis show that the net present valben

for the different services is the most importardtda FTTN solution for the PNP may be reduced by 25%

conrbuing o e variaton of el present vl gom 532000 ECU 10 402000 ECU wih o 10%
P pay P " obability depending on the market evolution. The

- U r
probability that the payback period is greater thaf} .
13.62 years. The uncertainty in the market shases frespecnve percentages for PNO FTTB, CATV FTTN

. 0, 0, 0,
POTS and ISDN and the total market for POT§‘nd C.ATV FTTB are: 29%, 31% gnd 69%. The
significantly influence on the variation of the K analysis show abqut the same bghawour of the rfacto
period NPV/IFC for the different alternatives. The NPV/IFC

factor is reduced by 20-30% except for CATV FTTB
where the decrease is about 70%. The most extreme
unprofitable upgrade project is the FTTB for CATV
operator which is also underlined by an extremehgl

The results in 7.1 to 7.4 describe how variation ipayback period. The expected values calculatethér
market variables influence on the economic outcome.alternative upgrade projects show that FTTN
alternatives for both operators have the highest ne

For the PNO, the main uncertainty is caused b
forecasts of the total market for POTS and ISDN. | resent values. The NP.V/IFC factor range from .2 t
.7 with a payback period from 4.12 to 5.75 years.

the model the uncertainties connected to the tw ' . . :
. : NO has the most profitable projects. Since this
variables are generated independently. Howevere the . .
grade projects include all new and old revenoes f

is correlation between the markets. When the PO all services even the FTTN alternatives are quite

market decreases, the ISDN market increases ard v|C - . .
versa. This effect reduces to a certain extentdted heavy projects. The FTTB alternative for the PNO is

. ; . comparable to the FTTN alternative for the CATV
uncertainty. The reason for relatively strong iafice

. . ; . : I operator although slightly less profitable. The BT T

IS gxplalngd by h'gh p.e-netratlon- and in additioa thalternative for CATV operator based on the given

tariffs which are significantly higher than for the . . - :
assumptions, is an extremely unpromising project

CATV service. Also market share for POTS influences
net present value and net present value divided by

installed first cost significantly, while PNO’s niat

share for ISDN is the most important factor8, CONCLUDING REMARKS

influencing the payback period. The risk assessment and additional analysis shatv th
For the CATV operator the forecasts of the totalhe FTTN alternative for the PNO is the best ecanom
market for broadband services are dominating triternative with the lowest risk. The FTTB projéat
uncertainty in the variation of net present valibe the CATV operator is the least economic alternative
variables are also the most important ones fa@nd also a high risk project.

explaining the variation of net present value d¥dd ¢ geryice forecasts of the total market conteibut
by installed first cost. The penetration for 2M ssm ore to the variation of the results compared ® th
2M ASB are Iov(\; compaLed \;\Vlth the dpege(;rat_lor? og:arvice market shares to the operators. The ogdinar
CATV, POTS and ISDN, but their standard deviationggices POTS and ISDN generates more uncertainty
are _rglatlvely h|gh compared .Wlth the p.enetra'udns. than the other services, mainly because of the high
adhdmon the tanffs; arehcon3|d|erablyk h|gfher tham ff penetration. Depending on the technical altereativ
other services. Also the total market forecasts fqU,q of gperator and economic output different set

ISDN and POTS are of importance both for nefya et variables explain the main part of the \tamia
present value and net present value divided on

installed first cost. In this paper only market variables , forecastsotdl
market penetration and market shares for a set of

7.5 Evaluation of uncertainty factors.

For the CATV operator, the most importanisenices are simulated according to given protigbil

contributors to the variation in payback period 8 jiqyiftions to evaluate their effect on the ecuim
market shares to the services POTS, ISDN, CATV andg ts for various upgrade alternatives. It iséntant

2M SSB(only for FTTN). For the FTTB upgrade, o,qy the effect of these variations which aaeetl
alternative, forecasts of the total market for BCahd on a set of assumptions mainly from an European

ISDN. are (_)f significant importan_ce. The fact 'SDeIphi survey. In supplementary analysis also thet c
explained with a long payback period, more than 10j0yent fike civil work costs, OAM costs, cost of

years. For the FTTN upgrade alternative, the paybagoyyork components and also the tariffs should be
period is less than 6 years. Therefore variableistwh simulated in order to identify critical risks.

contribute much to the uncertainty the first pdrthe
10 years period have the highest weight.
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1ABSTRACT

The first part of the paper gives an overview @f tisks connected to a roll out of a broadbandasifucture.

Specific attention is put on market risk, competitrisk, regulatory risk, technology risk and opieraal risk.

The risk methodology developed in the ACTS proj&®sTIMUM and TERA is described. The paper shows

how risk methodology can be applied for evaluatbmarious network architectures. The second plahe

paper presents risk and techno-economic analyse®atiband access network upgrade strategies fdicPu

Network Operators in a competitive environmenti@ tesidential and small business market. Thetedfec

uncertainties in predictions of critical parametush as demand forecasts and market shares dyseha
systems compared with the other network operators.

2MARKET RISKS Another important competitive factor is the tariffisd
Substantial risks are linked to the predicted et the tariff strategy. Significant risks for loosingarket
of the broadband market. A fundament for the shares are linked to the tariff evolution for the
evolution is new and enhanced broadband different competitors.

applications. Uncertain demand forecasts generate

significant risks influencing the investments atgba 4 REGULATORY RISKS

other costs. One realisation is an unexpected dielay Since the public network operators (PNOs) own large
the demand. Overestimation of the demand implies parts of the access network, the European regalator
overestimation of investment costs, where partb@f have taken some actions to induce competitionen th
costs are bundled and not utilised for a period. access network. In some countries the PNO have been
Underestimation of the demand will generate waiting forced to implement Local Loop UnBundling, LLUB.
lines and bad reputation and lost market share® Al In other countries specific transmission equipnfient

the problems in the roll out, in component andiserv permanent access can be hired from the PNO.

supply and in service quality will induce bad However there are a lot of uncertainty connectetthéo

reputation. actions of the regulator. The regulator may geeerat
changes in some important parts of the

If some customers are lost to a competitor, it is telecommunication law. The regulator controls the

difficult to win these customers back. This risk number of licenses for the operators. The regulator

problem is denoted as the churn problem. The may prevent the incumbent operator for offeringegiv

customer can be lost from specific market segments, services. The body influences the interconnedfsari
specific user groups or in specific geographicsrea and may also regulate the ordinary tariffs. The
The risks for lost market shares may also be caoked regulator controls also the Universal Service
substituting applications and services. Obligation, USO regime.

3COMPETITION RISKS 5 TECHNOLOGY RISKS

The main objective for the regulator is to estdibls A wide range of technologies is available for tgzors
competition regime where the newcomers should havef broadband communication. In the access network a
a fair competition, while the incumbent operator fibre node structure or a coax structure have to be
should have significant handicap. The effectwéll b deployed. The last part of the access network ean b
reduced market share and power for the incumbent covered by ADSL or VDSL modems on copper, or by
operator and a more balanced market between all  the radio solution LMDS or in the future the unisar
operators. The risks and the uncertainty are infled  mobile telephone system, UMTS. Other alternatives
of unpredicted regulations, number of new compegito are satellite communication combined with a wirelin
and alliances between the operators and also servic return channel or a hybride fibre coax system, HFC.

providers. The risks are lost market shares. The technologies may substitute each other or reay b
The geographic deployment strategy for roll out deployed as supplements in different parts of the
influences the market shares as well as service mix network. In the transport network deployment
service quality, customer support and type ofrmlli strategies for substitution between PDH and SDH

transmission equipment are carried out. In partikel
fibre capacity is expended by introduction of
wavelength division multiplexing, WDM. Another

K. Stordahl et al. OVERVIEW OF RISKS IN MULTIMEDIA BROBBAND UPGRADES 1



technical problem not solved is the switching. One
possibility is to use ATM, another is to use IP and
third one is to implement ATM over IP.

There are substantial risks for implementing thengr

technology at the wrong time. Important questia®s a

- - time for optimal roll-out

production. However, there is significant unceiain
in the predicted component cost evolution.

In addition specific technology problems may occur.
The quality of some components does not satisfy the
norms and have to be replaced by other type of
components. The selected manufactory has significan
problems and does not satisfy the production

- which geographic areas should be covered at thepecifications. The effect is bad quality for the

start

customers, delivery problems, waiting list and d ba

- which market segments should be covered at theeputation. The same risks can be generated if the

start

demand forecasts, planning, dimensioning, projgctin

- the size of the broadband nodes and the structuoe deployment of the network is pure.

is of crucial importance
- dimensioning of the network and estimated
demand controlled expansion

7 ECONOMY RISKS
To be able to evaluate a broadband network

- selection of optimal technology in different gart upgrading, the discounted sum of revenues,

of the network
- strategies for roll out based on competition in
specific areas

investments, operations and maintenance costsstc h
to be calculated over 5 — 10 years period. Thetresu
can be expressed in net present value, paybaatdperi

- strategies for robust upgrading of the upper partinternal rate of return, installation first codife cycle

of the access network giving possibilities for
utilising different technologies

- strategies for minimising the upfront costs the
first period

To get insight in these problems for understantiieg
risk, economic evaluations of the different
technologies have to be performed by rather
comprehensive calculations. One possibility isde u

the TERA/OPTIMUM tool. Some examples are showﬁ

in this paper.

6 OPERATIONAL AND INVESTMENTSRISKS

Investment and operational costs can be divided in:

- investment costs

- operational and management costs
- maintenance cost

- administrative costs

- cost for support systems

- customer support costs

- marketing costs

costs, payback each year etc.The economic rigke is
sum of all the above mentioned risks. Some of idle r
problems mentioned, can be quantified and analysed
by using the TERA/OPTIMUM tool which contains an
option for risk simulations and assessments.

Important economic risks are caused by:

- higher investment costs than expected

higher operational and maintenance costs than

expected

- higher administrative costs

- higher customer support and marketing costs than
expected

- investments restrictions due to lower profit or new
priorities

- reduction of service mix

- loose of market shares

- higher revenue reductions due to substitution
effect between other services

- lower subscription and traffic demand

slower broadband application evolution

Implementation of a new broadband network including

restricted regulations.

new services and applications will generate ungerta
cost estimates. The main input is demand foredaists
the total market and estimates for lost marketeshar
because of competition. If the forecasts turn oute
completely wrong, then also the investments will be
out of scale. Since forecasts for new services are
uncertain there are generated substantial cost risk

8 TERA TOOL FOR TECHNO-ECONOMIC
EVALUATIONS

The network components and the technology standar¥§thin the European programs RACE and ACTS the
induce risks when an operator starts a roll ouoteef ~ Projects RACE 2087/TITAN and AC 226/OPTIMUM

the standards have been adapted. Additional and TERA have developed a methodology and a tool
investments and replacement of rather new for calculation of the overall financial budgetanfy
components may be necessary. There are substantiafCCess architecture. The tool handles the disamstit

uncertainty related to the prediction of component ~ System, operations, maintenance, life cycle casls a
costs. The learning curve forecasts show that the the cash balance. This enables a comparison ausgri

component costs decrease as a function of larde sca OPtical or hybrid architectures through a globaiteyn

K. Stordahl et al. OVERVIEW OF RISKS IN MULTIMEDIA BROBBAND UPGRADES 2



assessment. The tool has the ability to combine low
level, detailed network parameters of significant
strategic relevance with high level, overall stgate
parameters for performing evaluation of various
network architectures [1-2].

Demend for the Telecommunications
Services
Risk Assessment ”

DB

e, ) k_.,/'
OASM
e O
Economic Cash flowns,
Inputs Profit &loss accounts
Year O Ye}]/ \(Qn ... Yearm
r 3 a
| NV ‘ | "R ‘ Period

Figure 1 Model for techno-economic assessments

A methodology has been developed based on an
expansion of the Wright and Crawford’s learning
curve models to predict future cost of the network

components. Geometric (geographic) models are useg.

to map network structures into the tool. A specific

model for operations and maintenance costs has bee

developed. The tool has also a specific module used
for risk assessments [3-4]. In addition forecasthe
demand for the services offered and the relatirifjga
is necessary for the calculations. Figure 1 gives a
overview of the techno-economic model.

9METHODOLOGY FOR QUANTIFYING THE
RISKS

Choice of probability functions

The uncertainty in the assumptions made has to be
guantified with respect to probability functionsgdan
limits of the uncertain variables when risk analysi
performed. Since, it is meaningless to operate with
negative costs, tariffs or forecasts, the Beta
distribution is introduced to solve the problem.
Traditionally the Normal distribution can be usbdt
in cases where there are significant probabilfoes
generating negative values, the Beta function is
recommended.

Simulation performance

When performing sensitivity and risk analysis, the
uncertain parameters are described by suitable
probability density functions. The techno-economic
scenario is then calculated based on a certain @umb
of times using Monte Carlo or Latin Hypercube
simulation; each time a random number is pickethfro
each distribution. In general, it is difficult tivg an

K. Stordahl et al. OVERVIEW OF RISKS IN MULTIMEDIA BROBBAND UPGRADES

advice of number of simulations since there is a
dependency of the complexity in each case study
analysed. The best way to control the problerny is
do some test-simulations series and calculate the
uncertainty in the output distributions. Based on
experience so far, the sufficient number of simaiet
could be 500 — 1000@®igure 2 illustrates how the risk
assessment is performed

Probability A m
J L Value of critical

* *** * variable
'

CALCULATION BY THE TOOL

|

Probability distribution

i [ T—

‘ of cash flow
Risk

Probability

nll

igure 2 Risk simulations

N/Iethodologyfor cost predictions and uncertainties

The extended learning curve for prediction of
component costs has been developed in the
OPTIMUM project. The cost prediction curve is
dependent of a set of parameters: Starting cdbeat
starting time, type of component, penetration at th
starting time and penetration growth. The TERA cost
data base contains estimates on these parameters fo
all components and generates cost predictions based
on the extended learning curve.

The methodology takes into account the variation in
uncertainty for different technology. For example
uncertainty in the cost of civil works is smallaah

the uncertainty in the cost of electronics. In &ddia
time component increasing the relative uncertamty
implemented in the model.

Methodology for demand forecasts and uncertainties

It was decided to develop analytical forecasting
models instead of the usual tables as input to the
TERA tool. The analytical functions will be part thie
new framework for TERA [5]. It is more convenieat t
use functions instead of tables as input to the tno
addition the functions give more flexibility for
variations when risk analysis is carried out. The
models are based on the results from the last Delph
survey performed at the last OPTIMUM workshop in
Aveiro in October 1997. Different analytical
forecasting models for fitting the Delphi data are



tested. The extended Logistic model with three
parameters gave rather good fitting for 2 Mb/s, &b
and 26 Mb/s. In addition specific forecasting medel

The operator aims to utilise the existing twistedt p
copper cables as the basic transmission medium.
ADSL and VDSL modems are deployed at the local

for symmetric and asymmetric demand penetration arexchange and at the customer premises to offer

constructed.

Penetration (%)
50,00
45,00
40,00
35,00
30,00
25,00
20,00
15,00
10,00

5,00
0,00

BROADBAND FORECASTS

——2 Mb/s
—=— 8 Mb/s
—a— 26 Mb/s

broadband access; fibres are used as transmission
medium in the upper part of the network — FTTLex
architecture. The architecture is stepwise expabged
deployment of fibre and fibre nodes (FTTN128 and
FTTN512) combined with VDSL modems further
down in the access network.

Competition and lost market shares

The incumbent operator starts by having 100% of the
market in year 2000, but is loosing market shares
continuously during the study period. In additibe t
uncertainty in lost market shares is simulated thase
different degree of uncertainty.

2010 |
2012 |
2014 |
2016 |
2018 |
2020 |

Figure 3 Broadband penetration forecasts

Tariff predictions and uncertainties

The tariffs used are based on European averages
given as functions of the penetration accordinthéo
demand curves extracted from the OPTIMUM Delph
survey carried out in 1997. The tariffs are service
penetration dependant, which is needed in a
reasonable risk modéThe tariff includes subscription
and traffic costsThe costs for the terminal and for the

Market share

—e—FTTLex

| .

| | —=—FTTN

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Year

content are not included. Uncertainty distributions
have been defined, including trends. Limits are
imposed in the model on low and high penetration
tariffs. For low penetrations, the tariff is kepinstant
below 2 % service penetration. Because of the
uncertainty in penetration, the tariff for eachvees
will vary in each run of the simulation.

10 RISK EVALUATION WHEN THE
COMPETITION INCREASES

In this paper extensive risk assessments are pagtbr
based on penetration forecasts and lost marke¢shar
for the 2Mbit/s, 8Mbit/s and 26Mbit/s services. The
Mbit/s service is offered as an asymmetric and
symmetric switched broadband service.

The broadband case study
A network evolution during a 10 year period from

2000 to 2009 has been examined. Upgrade boundary

conditions for the PNO, like the demographic atha,
existing networks, overall service take rate andketa
shares are included in the case study. One of d& m
competitive market segments is analysed: a highly
density residential and small business area with
customers living in apartment blocks. The network

architectures for PNO have already been established

the area.
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Figure 4 The market share evolution for the public
network operator

For each year until year 2005 the market share is
reduce relatively with 5%. If the operator deploys
FTTN architectures, the market share reach a
stationary situation, else the operator continaes t
7.5% relative market share each year until yea®200
The market share evolution is illustrated in figgre

There are significant uncertainty connected to the
competition and the estimated market share.
Therefore, the uncertainty in the market share
evolution is simulated based on:

- 10% relative standard deviation

- 20% relative standard deviation

- 30% relative standard deviation
In addition uncertainty distributions are implermesht
in the analysis for:
- Penetration (2, 8, 26 Mbit/s)
- Symmetric/asymmetric (2Mbit/s)
- Tariffs (2, 8, 26 Mbit/s)

Results



The results show that there is a significant prdtgb
(on a 10% level) for 50% reduction of the life eycl
costs mainly based reduced

Mean
value 10% 20%  standard
fractle 5% 30%  standard  gey
fractie standard  dev
dev

10%

Figure 5 Expected life cycle costs and life cyclce cost
on 10% and 5% level based on different degree of
uncertainty

penetration and lost market share. The life cyols
is defined as the total discounted accumulatedscost
for the projects including both investment costd an

OAM costs. When the operator looses market shares

both the costs and the revenue are reduced

At the same time there is a 10% probability fol0&H
reduction of the net present value. The net present
value is defined as the total discounted sum ofasts
and all revenue each year. With a fairly high
uncertainty in the evolution of lost market shdhere
is a substantial risk for a negative net presehteva
Figure 6 shows that there is a 5% risk to get a
significant negative net present value if the stadd
deviation is 30%. If the standard deviation is 208e,

net present value on a 5% level is rather low. Hawre

if the standard deviation is 10%, then there are

reasonable high estimates for the net present value

Mean value

10% fractile

10% standard
20% standard dev
30% standard dev

dev

5% fractile

Figure 6 Expected net present value and net present
value on 10% and 5% level based on different degree
of uncertainty

The results show that large uncertainty in comioetit
and lost market causes significant risks on 5 — 10%
probability level. The same results can be showanwh
there are rather high uncertainty in the tarifflation
and in the estimated penetrations.
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Abstract

This paper analyses a set of different broadband
access rollout scenarios for an incumbent operator
in the most competitive market segments: a dense
urban area. The residential market and the SOHO
market are examined. The analysis focuses on
different evolutionary paths starting with the
twisted pair copper network. The strategy of the
incumbent operator is to roll out ADSL and VDSL
at the right time. The timing for rollout depends o
a set of critical factors like the infrastructureda
area characteristics, component costs, mass
production of network components, applications
offered, expected tariff evolution, willingness to
pay, demand forecasts and evolution of expected
market share. The operator aims to utilise the
existing twisted pair copper cables as the basic
transmission medium. The architecture is stepwise
expanded by deployment of fibre and fibre nodes
combined with VDSL modems further down in the
access network.

Net present value (NPV) and internal rate of return
(IRR) have been calculated in order to estimate
each rollout alternative. A cost break down of
various rollout alternatives is shown, giving atbet
understanding of the viability of each rollout. A
techno-economic tool developed in the projects AC
226/OPTIMUM and AC 364/TERA have been used
for the calculations. To establish a robust optimal
rollout strategy, risk analysis has been performed.
Risk analysis takes into account the uncertaimties
the critical factors demand, tariffs, market share,
and cost evolution of specific equipment. Instefd o
using single values as input to the calculations,
probability distributions of each critical factarea
used as input. The probability distributions
characterise the uncertainties of the predictions t
each factor. A risk simulation tool, Crystal Bdilhs
been used together with the techno-economic tool.
For each rollout alternative, a Monte Carlo
simulation of 500 runs has been performed for the
risk analysis. The optimal ADSL/VDSL rollout
strategy is developed, taking into account both the
mean values of the NPV and IRR, and the risk
involved.
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I ntroduction

Mainly all West-European incumbent operators
introduced ADSL commercially during 1999-2000.
In North America the number of DSL modem
reached 2,0 million accesses third quarter 2000,
while the number cable modems reached 3,0
million the second quarter 2000. The battle between
the DSL operators and the cable operators has
started and the question is how the market share
between these technologies is evolving? The
incumbent operators face further competition from
wholesale and Local Loop Unbundling and also
because of LMDS and UMTS operators. The
incumbent operator will meet the competition by
starting to roll out ADSL and after some years
VDSL with the potential of a much broader
spectrum of services including video on demand
and multimedia applications.

This paper examines various rollout and market
share scenarios for the incumbent operator. The
timing for rollout of ADSL and VSDL is crucial.

Therollout case study

The rollout case study analyses an exchange area
consisting of 34.560 potential customers. A cable
operator is deploying a HFC network with cable
modems, while the incumbent operator is
expanding the network to a DSL network.

The cable operator already offers ordinary TV
distribution to their customers in the exchangaare
while the incumbent operator offers POTS/ISDN
and Internet. The introduction of ADSL gives
possibilities to offer a large set of new applioat

like high speed Internet, various home office
applications, multimedia applications, but not high
quality interactive entertainment applications.
VDSL and HFC are assumed to be competitive
solutions, which in addition offers high quality
broadband like interactive entertainment
applications etc. The churn rate for ADSL is rather
high, while the churn rate for HFC and VDSL
customers are low. The cost for transition of
customers from the cable operator to the incumbent
operator and vice versa is high. The reasons ate th



the customers for a long time have been owned by
the operators, either as cable TV customers and/or
POTS/ISDN/Internet customers. In addition the
customers are strongly linked to the operators by
service bundling.

The following services (capacity classes) is offere
by the incumbent operator:

Table1 Capacity classes

Downstream Upstream XDSL
Capacity Capacity Technology
[Mbps] [Mbps]
0.512 0.128 ADSL
1.024 0.256 ADSL
2.028 0.512 ADSL
6.144 0.640 ADSL
24.576 4.096 VDSL

Technical description

The 4 ADSL services are provided from DSLAMs
at the local exchange — each DSLAM is supporting
up to 768 customers. VDSL services are provided
from optical network units (ONUSs) places at
outside cabinets as well as at the local exchange.

Different vendors use different names for the ONU
— sometimes ‘DSLAM'’ is used. Up to 128 users per
ONU is assumed. No passive splitters are used in
the architecture. An optical fibre cable carryir 2
fibres feed each ONU. Twisted pair copper is used
for the remaining path to the customer. In this
study, there has been no analysis on crosstalk
(NEXT and FEXT) between xDSL sources.

Total broadband penetration (demand)

The broadband forecasts are based on a Delphi
survey and additional forecast demand data from
the TERA project [1, 2, 4, 5, 8]. The forecasts
show the demand evolution in a highly competitive
residential market where two broadband operators
are rolling out a broadband structure. The total
broadband demand forecasts are fitted by an
extended Logistic model with four parameters:

Y= M/ (1+exp¢+Bt)Y

where Y is the demand forecast at time t, M is the
saturation level and, 3, y are the additional
parameters. The accumulated forecasts shown in
figure 1, are calculated based on the assumption of
40% penetration in 2005.

Broadband access penetration f or ecasts -
residential market

50,0%
45,0% /
40,0%

35,0% /

30,0%

25,0%

20,0% /

15,0% | /

10,0%

5,0% /

0,0%

2001 2002 2003 2004 2005 2006

Figure 1l Total broadband penetration forecasts

The total broadband forecasts are split based on
technology (operators) and access capacity. The
market share evolutions are described in scedario
— 7, depending of different roll out strategies.

Tariff evolution/prediction

The broadband tariff structure is rather complex.
Important tariffs are: connection tariff, accessta
service provider tariff, traffic tariff, transactio
tariff, and tariff for content (pay per view etc).

Only some few operators have introduced a traffic
tariff when the monthly traffic volume exceeds a
given limit. In the case study we suppose free
traffic charge and are mainly interested in the
demand for accesses. The yearly charge for having
a 0.5 Mbps is set to 800 Euro.

The tariff model is constructed in the following
way: The basic tariff for a 0.5 Mbps is given (800
Euro). The model predicts a relatively 10%
decrease of the tariff per year. In addition thedaeio
predicts an increase of 40% for each doubling of
the downstream capacity for year 2001, while this
factor is linearly reduced to 20% in year 2005. The
connection tariff is set 150 Euro for 0.5 Mbps dnd
Mbps, while the tariff is 200 Euro for higher
capacities

Tariff evolution for access capacities
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Figure 2 Tariff evolution for access capacities



Figure 2 shows the erosion of the monthly
subscriber tariff, which includes access tariff,
service provider tariff and the traffic tariff. Uslly
the operators have a flat rate tariff for theficaf
Charges for specific applications are not included.

Rollout scenariosMarket share scenarios
Seven different scenarios are studied. In three
scenarios 5 — 7, the cable operator is rolling out
broadband network in 2001. In four scenarios 1 — 4,
the cable operator is deploying the broadband
network to offer the services in 2002. The various
scenarios for 2001 and 2002 reflect the incumbent
operators timing for ADSL and VDSL rollout.

Figure 3 shows the prediction of access demand
distributed on the access capacities 0,5 — 6 Mbps i
the period 2001 — 2006. The figure shows that there
will be continuously demand for higher capacity.
The demand is generated of new and enhanced
broadband applications and the operators have to
meet the capacity demand.

80 %

70 % é\
60 %

market share evolution. The ADSL market share is
reduced from 100% to 50% when the cable operator
introduces broadband. The figure shows that the
market share for ADSL gradually is decreasing
during the study period. At the same time it is
difficult for the incumbent operator to take a larg
part of the broadband market.

Scenario 2

The incumbent operator offers ADSL in year 2002.
The cable operator meets the challenge by
deploying HFC offering cable modems the same
year. One year later the incumbent operator offers
VDSL in the same area.

Figure 5 show the market share evolution. The
cable operator gets 60% of the broadband market
the first year since the operator has a more
advanced product. The operator takes more market
share during the comming years because of late
introduction of VDSL.
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Figure 3 Prediction of demand for ADSL access
capacities

Scenario 1

The incumbent operator offers ADSL in year 2001.
The cable operator meets the challenge by
deploying HFC offering cable modems in year
2002. One year later the incumbent operator offers
VDSL in the same area. Figure 4 show the
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Figur 4 Scenario 1: Market share ADSL, VDSL and
cable modems
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Figur 5 Scenario 2: Market share ADSL, VDSL and
cable modems

Scenario 3

The incumbent operator offers ADSL in year 2001.
The cable operator meets the challenge by
deploying HFC offering cable modems in year
2002. The same year the incumbent operator offers
VDSL. Figure 6show the market share evolution.
The ADSL market share is reduced from 100% to
45% from 2001 to 2002.The figure shows that the
market share for ADSL gradually is decreasing.
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Figur 6 Scenario 3: Market share ADSL, VDSL and
cable modems

In spite of introducing VDSL at the same time as
the cable operator, the incumbent operator has to
fight very hard to get high VDSL market sharesilt i
difficult for the incumbent operator to win larger
parts of the market since most of the subscribers
have a TV channel subscription by the cable
operator.

Scenario 4

The incumbent operator introduces an offensive
strategy by offering both ADSL and VDSL in year
2001. The cable operator deploys HFC, but is
offering cable modems only from year 2002. Figure
7 show the market share evolution. The ADSL
starts with 70% market share in 2001, which is
gradually reduced. The cable operator introduces
broadband later than the incumbent operator and
have to fight rather hard to get broadband market
share at the same level as the incumbent operator.
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Figur 7 Scenario 4: Market share ADSL, VDSL and
cable modems

Scenario 5

Scenario 5 - 7 describes the situation where the
cable operator deploys HFC early and is offering
the cable modems already in year 2001. The first
scenario shows that the cable operator introduces
broadband in year 2001, while the incumbent

operator is offering ADSL. The cable operator gets
70% of the market and is able to hold the market
share during the study period in spite of
introduction of VDSL in year 2002. Figure 8 show
the market share evolution.
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Figur 8 Scenario 5: Market share ADSL, VDSL and
cable modems

Scenario 6

The cable operator introduces broadband in year
2001, while the incumbent operator is offering
ADSL in year 2002 and VDSL in 2003. The cable
operator gets 100% of the market the first year.
Since incumbent operator introduces VDSL two
year after the cable operator, in a market whege th
cable operator during a lot of years has delivered
TV distribution, it is very hard take market share.
The incumbent operator ends with 15% market
share at the end of the study period. Figure 9 show
the market share evolution
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Figur 9 Scenario 6: Market share ADSL, VDSL and
cable modems

Scenario 7

Scenario iii describes a highly competitive sitoati
where the cable operator in 2001 is offering
broadband based on their HFC solution, while the
incumbent operator has deployed a VDSL structure
in 2001 beeing able to offer the customers both
ADSL and VDSL. Since the cable operator has



delivered TV distribution for a long period, it is
assumed that the cable operator will get 60% of the
market in year 2001 and is increasing the market
share slightly. The incumbent operator starts with
30% ADSL market share and a 10% VDSL market
share. The evolution of market share is shown in
figure 10.

70 %

60 % +—
» 50% 1 —e— ADSL
(0]
S 409
5 0% —=—VDSL
g 0 A
g Cable modem -

competitor

30 %
10 % A

0%

2001 2002 2003 2004 2005 2006

Figur 10 Scenario 7: Market share ADSL, VDSL and
cable modems

Results

Within the European programs RACE and ACTS
the projects RACE 2087/TITAN and AC
226/0OPTIMUM and AC364/TERA have developed
a methodology and a tool for calculation of the
overall financial budget of any access architecture
The tool handles discounted costs of capital
investments, operations, maintenance costs, life
cycle costs, and revenues as well as net present
value (NPV) and internal rate of return (IRR).The
tool has the ability to combine low level, detailed
network parameters of significant strategic
relevance with high level, overall strategic
parameters for performing evaluation of various
network architectures [6-7, 9-16].

The TERA tool has been used to evaluate techno-
economic results of the described scenarios. Figure
11 shows the calculated net present values and the
installed first costs for each scenario.
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Figure 11 Installed first cost and net present value for
scenario 1-7

The figure shows that the incumbent operator has to
fight rather hard to get a positive net presenti@al
when the cable operator starts to roll out broadban
in 2001 (Scenario 5-7). The only possible way to
get a significant part of the broadband market is t
introduce ADSL and VDSL at the same time as the
cable operator. In addition the incumbent operator
to a certain degree, has to meet the access tariffs
the cable operator. Scenario 6 shows that the
incumbent operator gets a significant negative net
present value. The reason is too late roll out of
broadband and too low market share.

The cable operators have not financial strength
enough to roll out a broadband structure in all
relevant areas during a short time. Hence, scenario
1-4 is important to analyse. The figure shows that
the incumbent operators have a possibility to get
rather good economical results by rolling out a
broadband DSL network in “cable-land”. Scenario
4 indicates a very good net present value for the
incumbent operator.

The investments depend of the total broadband
penetration in the area, the proportion between
ADSL and VDSL subscriptions, broadband market
share for the incumbent operator and of course the
network component costs and the evolution 2001—
2006. Figure 11 shows that the installed first €ost
increases when the incumbent operator gets a larger
market share. The proportion between first instialle
costs and net present value is acceptable for
scenario 4, 3 and 7.

Uncertainties and risk modelling

A series of risk analyses has been carried out- one
for each of the seven scenarios. One uncertainty
variable is introduced for:
o Price evolution of xXDSL equipment
o Growth of the total broadband demand (all
services, including competitor’s)
o Erosion of monthly access fee

A Monte Carlo simulation with 500 runs is
performed for each scenario. In each run of a
simulation, a random number is picked from
suitable probability distributions; one for each of
the 3 uncertainty variables. The simulation gives a
output the cumulative distribution of the NPV and
the ranking of the 3 uncertainty variables. This
uncertainty ranking is based on the percentage to
the contribution to the variation of the NPV. From
the cumulative distribution, the probability thhet
project will produce a negative NPV is calculated.

In the following, the uncertainty model is
described:



Price evolution of XDSL equipment:

Even though a significant part of the overall
investment cost is civil works, this cost is notywe
uncertain. Therefore the uncertainty is put in new
equipment.

The price of each xDSL network componsht *
(DSLAM, modems etc) follows a learning curve [3,
6, 7, 16]:

fi (t) =f (no,i K P AT, 't)
The uncertainty is modelled as a relative
uncertaintys(t):

s(t) =1+ 03(b+at)Y
Y is calculated as linear transformation of a Beta-
distributed variableX:

Y = (Ymax _Ymin )X +Ymin
The price curve including uncertainty is therefore
calculated as;

fit)= 1 (t)slt)

The reason for choosing a Beta-distribution is the
fact that this distribution is confined between a
minimum and a maximum value avoiding negative
prices, which would be meaningless. In addition,
the Beta-distribution may have many different
shapes. The rectangular distribution is a special
case of the Beta-distribution.

In our calculationa =b = 1/5 andX is Beta-
distributed with parameteggs=v=4.Y = Xas we
have degrees of freedom choosing the paramaters
andb. The maximum deviation in the last year is
between 0.7 and 1.3. With a 95% confidence, the
relative uncertainty in the last year is betweeat®0.
and 1.21.

The same relative uncertainty curve is used for all
components so that the learning curves move in the
same direction for each run which is plausible as
the component prices will be strongly related
(same technology, vendor etc.)

Tariff erosion

The tariff erosion is modelled by a simple
percentage reduction. The uncertain tariff eroson
modelled by a linear transformed Beta-distributed
random variable as in the price evolution.

The default value is 10%. The minimum and
maximum values are 0% and 20% respectively.
Thee confidentiality interval of is [5%, 15%]. By
using the simple linear transformation and the
Solver function in Excel, the parameterandv are
easily found. In factsis found using:

uli-x,, )+2x,, -1
XM

whereXy, is the mode oK found as (10%-
0%)/(20%-0%) = 0.5.

V=

Growth in total broadband demand

A general S-curve with asymmetry parameds
used to model the total broadband demand.

When yand the saturation parameter are given, the
two remaining parameters are found when for
instance the penetration in the first and finalryea
are given. We have chosen 5% penetration in 2001
and 40% in 2006. The penetration in 2001 is kept
fixed and the penetration in 2006 is changed
randomly. Again, a linear transformed Beta-
distribution is chosen. The minimum and maximum
values for the penetration are 30% and 50%
respectively. = v= 3 are chosen.

Risk analysis
For each Monte Carlo simulation specific values
are generated for:

o Price evolution of xXDSL equipment

o Growth of the total broadband demand (all

services, including competitor’s)

o Erosion of monthly access fee
based on the described risk models. For each
simulation run a complete set of techno-economic
calculations are performed including first instdlle
costs, OAM costs, revenues, cash flow, IRR, NPV,
payback period etc. The set of 500 simulations
generates an accumulated distribution for each
variable. The accumulated distributions are used to
evaluate the risk; i.e. to calculate the probabftir
the variable to exceed given limits. Figure 12 show
for each scenario the probability to have a net
present value less than 0.
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Figure 12 Probability for having a negative net present
value

The figure shows that the probability to have a
negative net present value for scenario 6 is diose
100%, while the probability for scenario 4 is close
to 0%. For the incumbent operator scenario 1, 2, 5,
6 have significant risks for negative net present
values. Again, the conclusion is to speed up the



introduction of broadband before the cable operator
takes the main part of the broadband market.

The question is which of the above mention
variables gives the dominated contribution to the
net present value uncertainty. Figure 13 answers
the question for each scenario. The figure shows
that the uncertainty in tariff evolution is the
dominated variable — which explains 55% —70% of
the variation of net present value. The demand
forecasts explains 15% - 35%, while the price
evolution of the DSL equipment only contributes
with 7% - 17%. The price evolution of DSL
equipment seems to be more certain than the tariff
evolution. One important argument is that
predictions of a sum of component costs are based
probably of overestimation of some costs and
underestimation of some other costs. The
uncertainty in the demand forecasts introduces
uncertainty both in the investments and in the
revenues, while uncertainty in the tariff predioso
only introduces uncertainties in the revenue.

P11 1

[ Tariff erosion
B Demand
[ Price evolution

Scenario 7 \__Ug=
Scenario 5 \ 1)
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Figure 13 Ranking the sensitivities. Contribution (%) to
the net present value uncertainty

Figure 13 also illustrates how the uncertainty in
market share and market share evolution has an
impact on incumbent operator’s net present value.
Since the incumbent operator is not controlling the
cable operator, there are significant uncertainties
and risks related to the timing for broadband roll
out.
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Analysing the impact of forecast uncertainties in
broadband access rollouts by the use of risk analysis

NILS KRISTIAN ELNEGAARD AND KJELL STORDAHL

In this paper thorough risk analysis is performed on the rollout investment case described in this
journal [1]. The concepts of uncertainty and risk are introduced, followed by an extensive overview of
various types of uncertainties and risks in telecommunication investment projects. The next part of
the paper describes the risk methodology. The risk and sensitivity analysis performed on the scenarios
described in [1]is discussed. The focus is on financial risk in this paper.

1 Introduction

There are many complex and interacting factors with
an impact on the economics of telecommunication
investment projects. The main factors are the evolu-
tion of: applications, technologies, network plat-
forms, service quality requirements, cost evolution,
demand for new services, price levels, regulatory
environment and competition. Telecom projects are
influenced by future forecasts and predictions of all
these factors.

The network operator’s strategy is governed by esti-
mated revenue, expected return on investments and
assessed economic risks caused by uncertainties

in the forecasts and predictions. Introduction of new
technologies, new applications, new network plat-
forms, new architectures etc. depend on the long-term
revenue prospects and also on related uncertainties
and risks. Strategic decisions play an important role
in the near term positioning when the competition is
increasing. The environment of the telecommunica-
tions market is now changing dramatically and will
continue to do so in the coming years.

New applications and services can be implemented
by using the existing network platform, or by expand-
ing the network platform, or by introducing new tech-
nology and new network platforms. The preferred
alternatives depend on the cost of network compo-
nents and the cost evolution. The price of the given
applications depends on investment costs, operation
and maintenance costs, and revenue considerations.
Demand depends on the expected competition, the
market potential for the applications, expected market
shares, substitution effects between applications, pen-
etration as a function of time, price and service qual-
ity. In addition there are interactions between the
main factors.

In this paper, thorough risk analysis is performed on
the rollout investment case described in this journal
[1]. We begin with an introduction to the concepts of
uncertainty and risk, followed by a description of the
risk methodology. The risk and sensitivity analysis

performed on the scenarios described in [1] is dis-
cussed. Focus is on financial risk in this paper.

2 Uncertainty and risk

Uncertainty and risk are unavoidable companions

in every business case evaluation. Many high level
assumption variables in a business case, e.g. service
penetration, ARPU, market share etc. of which the
default values are chosen from consensus/brainstorm-
ing/expert information etc., are inherently uncertain.
The variation of these variables may have a vital
impact on the whole value of the project, which
means the difference between success and failure.
The first questions that arise are how do we describe
the uncertainty in assumptions, and what is actually
the difference between uncertainty and risk?

To illustrate the concepts of uncertainty and risk, let
us start with a simple example. We assume that we
have two projects, A and B, with their respective dis-
tributions as shown in Figure 1 (for example obtained
from simulations).

The question is now: Which project is more uncertain
than the other, and which project carries most risk? It
is immediately seen from Figure 1 that Project B has
the highest level of uncertainty due to its higher stan-
dard deviation. However, Project A is the riskier of
the two projects as the 5 % percentile is negative, and
therefore there is a probability of a negative NPV
higher than 5 %. For Project B, however, the proba-
bility of a negative NPV is 0 as the minimum value is
positive. The 5 % percentile (Value at Risk) is there-
fore also positive.

A “plain” traditional sensitivity analysis is often used,
in which each input variable is changed on a one-by-
one basis, in order to identify the most significant
variables. However, this is not sufficient if a more
complete picture of the overall uncertainty is needed.
The multivariable sensitivity and risk analysis app-
roach applied in this paper is based on the well-
known Monte Carlo simulation methodology. In
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1 - Project A
u=E(X)=11.58
08 - 0=9.06
5%perc.=-2.47
06 - 95%perc.=75.17

Figure 1 The difference between uncertainty and risk

short, the difference between traditional “plain”
sensitivity analysis and risk analysis based on Monte
Carlo simulation is that the former only tells you
what is possible; not what is probable!

3 Overview of uncertainties
and risks in broadband tele-
communication projects

Market uncertainties and risks

Substantial risks are linked to the predicted evolution
of the broadband market. A fundament for the evolu-
tion is new and enhanced broadband applications.
Uncertain demand forecasts generate significant risks
influencing the investments and also other costs. One
realisation is unexpected delay in the demand. Over-
estimation of the demand implies overestimation of
investment costs, where parts of the costs are bundled
and not utilised for a period.

Underestimation of the demand will generate waiting
lines and bad reputation and lost market share. Also
the problems in the rollout, in component and service
supply and in service quality will induce bad reputa-
tion.

If some customers are lost to a competitor, it is diffi-
cult to win these customers back. This risk problem
is denoted as the churn problem. The customer can
be lost from specific market segments, specific user
groups or in specific geographic areas. The risk of
lost market shares may also be caused by substituting
applications and services.

Uncertainties are usually expressed by measures like
standard deviations and confidence limits. Traditional
statistical methods are used to estimate standard devi-
ations and confidence limits for given probability
densities. However, the situation is often more com-
plicated when forecast uncertainties are estimated.

[ Project B
5 u=E(X)=45.36
0e 0=15.98
0,6- 5%perc.=21.69
95%perc.=74.03

0.4-
0.2-

0

Then there are two sets of uncertainties: Uncertainties
based on estimation of parameters in the forecasting
model and uncertainties caused by the forecasting
period. The forecasting uncertainties are either
expressed directly from the model when Box Jenkins
time series models [3] are used, or in regression mod-
els with time, ¢, as explanatory variable. However,
when there are additional explanatory variables the
situation is more complex. Then, the uncertainty of
the forecasts of each explanatory variable also has an
impact on the total forecast uncertainty. In such situa-
tions it is difficult to model and estimate the uncer-
tainty as a function of time.

Competition, regulatory risks and
uncertainties

The main objective for the regulator is to establish

a competition regime where newcomers have a fair
competition, while the incumbent operator has signif-
icant handicap. The European Commission has rec-
ommended that the regulators perform market analy-
sis to identify whether the incumbent is dominating
the market or not (Significant Market Position).

The effect could be a reduced market share and
power for the incumbent operator and a more bal-
anced market between all operators. The risks and the
uncertainty are influenced by unpredicted regulations,
the number of new competitors, and alliances
between the operators and also service providers.

The geographic deployment strategy for rollout in-
fluences the market shares as well as the service mix,
service quality, customer support and type of billing
systems compared with the other network operators.
Another important competitive factor is the tariffs
and the tariff strategy. Significant risks of losing mar-
ket shares are linked to the tariff evolution generated
by different competitors.

Since the incumbents own large parts of the access
network, the European Commission through Euro-
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pean regulators have taken actions to generate com-
petition in the access network by introducing Local
Loop Unbundling, LLU. However there is a lot of
uncertainty connected to the actions of the regulator.
The regulator may generate changes in some impor-
tant parts of the telecommunication law. The regula-
tor controls the number of licenses for the operators.
The regulator may prevent the incumbent operator
from offering given services. The body influences the
interconnect tariffs and may also regulate the ordi-
nary tariffs.

Technology risks

A wide range of technologies are available for trans-
port of broadband communication. In the access net-
work a fibre node structure or a coax structure has to
be deployed. The last part of the access network can
be covered by ADSL, ADSL2+ or VDSL on twisted
pair copper lines, or by the radio solutios such as
LMDS, WiFi, WiMax. Other alternatives are satellite
systems combined with a wireline return channel or
a hybrid fibre coax system, HFC. The technologies
may substitute each other or may be deployed as sup-
plements in different parts of the network. In parallel
the fibre capacity is extended by introduction of
wavelength division multiplexing, WDM and mainly
IP in the core network.

There are substantial risks of implementing the wrong
technology at the wrong time. Important questions are:

¢ Selection of optimal technology in different parts
of the network;

« Strategies for rollout based on competition in spe-
cific areas;

 Strategies for robust upgrading of the upper part of
the access;

* Network design giving possibilities for utilising
different technologies;

e Strategies for minimising the upfront costs the first
period.

In addition specific technology problems may occur.
The quality of some components does not satisfy the
norms and have to be replaced by other types of com-
ponents. The selected manufacturer has significant
problems and does not satisfy the production specifi-
cations. The effect is bad quality for the customers,
delivery problems, waiting lists and bad reputation.
The same risks can be generated if the demand fore-
casts, planning, dimensioning, projecting or deploy-
ment of the network are pure.
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Operational and investments risks
Investment and operational costs can be divided into:

¢ Investment costs

e Operational and management costs
* Maintenance cost

e Administrative costs

e Costs of support systems

e Customer support costs

e Marketing/sales costs.

Implementation of a new broadband network includ-
ing new services and applications will generate
uncertain cost estimates. The main input is demand
forecasts for the total market and estimates for lost
market shares because of competition. If the forecasts
turn out to be completely wrong, then the investments
will also be out of scale. Since forecasts for new ser-
vices are uncertain substantial cost risks are gener-
ated. Important questions are:

e Introduction time for optimal rollout;

e Which geographic areas should be covered at the
start;

e Which market segments should be covered at the
start;

¢ The size of the broadband nodes and the structure
are of crucial importance;

¢ Dimensioning of the network and estimated
demand controlled expansion.

The network components and the technology stan-
dards induce risks when an operator starts a rollout
before the standards have been adapted. Additional
investments and replacement of rather new compo-
nents may be necessary. There are substantial uncer-
tainties related to the prediction of component costs.
The learning curve forecasts show that the component
costs decrease as a function of large-scale production.
However, there is significant uncertainty in the pre-
dicted component cost evolution.

Revenue and cost risks

To be able to evaluate a broadband network upgrad-
ing, the discounted sum of revenues, investments,
operations and maintenance costs etc. has to be cal-
culated over a 5-10 year period. The result can be
expressed in net present value, payback period, inter-
nal rate of return, installation first costs, lifecycle
costs, pay-back each year, etc. Important revenue and
cost risks are caused by:
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e Lower tariffs than expected;

e Reduction of service mix;

¢ [oss of market shares;

 Higher revenue reductions due to substitution
effect between other services;

* Higher investment costs than expected,;

* Higher operational and maintenance costs than
expected;

¢ Higher administrative costs;

e Higher customer support and marketing costs than
expected;

 Investments restrictions due to lower profit or new
priorities.

4 Risk methodology

The uncertainty in each assumption has to be quanti-
fied with respect to a suitable probability density
function including “practical limits for variation for
performing risk analysis”.

Data collection

All relevant information, specific assumptions, natu-
ral limits, and types of distribution as well as confi-
dence intervals have to be collected.

Probability distributions

Suitable probability distributions should be identified
for each assumption variable. The choice of probabil-
ity distribution depends on the restrictions on the
variable, whether we need some extra degree of
freedom such as asymmetry in the distribution etc.

In various fields, e.g. physics, economics and social
sciences, empirical data or the law of large numbers
determine the choice of distribution, e.g. noise in
electrical systems, the evolution of stock prices and
people’s 1Q. 1Q values are for example modelled by
a normal distribution with mean value 100 for a pop-
ulation (age group) and standard deviation 15. How-
ever, one should generally be careful using the Nor-
mal distribution in simulations if negative numbers
are not allowed.

For instance a market share will always be between

0 % and 100 %, the value of a stock is non-negative
but can (theoretically) be of infinite value, and pene-
tration and costs cannot be negative, etc.

Usually Beta distribution and Log Normal are used
to model important variables in the business cases.
Appendix A gives a more detailed description of how
the Beta distribution and Log Normal distribution are
fitted.

Risk simulation performance
Output variables have to be identified. Usually net
present value, internal rate of return and pay-back

period are used to evaluate the economic value of
investment projects. Also the number of simulation
trials has to be decided. Then the number of trials
performed in a simulation shows the impact on the
output variable.

Thanks to modern easy-to-use software, Monte Carlo
simulations can be performed on standard spread-
sheet models on a PC. Such software also has splen-
did report features, in which the user can specify
result tables with the complete statistics of the output
variables such as mean value, standard deviation, per-
centiles, etc.

Random numbers are generated in each trial of the
simulation according to the selected distributions
generated for each of the selected variables for the
risk analysis. The simulation therefore calculates a
large number (maybe thousands; the number of simu-
lation trials specified by the user) of what-if scenar-
ios. Equally important: the simulation keeps track of
the calculations by measuring the impact on the result
from the changes in each of the variables.

In the simulation package called Crystal Ball® [2],
“normal” Monte Carlo or Latin Hypercube Sampling
can be used. In Latin Hypercube Sampling, an
assumption’s probability distribution is divided into
intervals of equal probability, whereas in the former
approach the random numbers are picked over the
entire range for that distribution.

In general, it is difficult to give advice on the number
of simulations since there is a dependency of the
complexity in each case study analysed. The best way
to control the accuracy is to do some test-simulation
series and calculate the uncertainty in the output dis-
tributions. Based on experience so far, the sufficient
number of simulations could be 500 — 10,000.

Figure 2 illustrates the concept of Monte Carlo simu-
lation. The figure shows how random values are
drawn from probability distributions representing
input variables 1, 2, 3, .... For each trial a value of the
output variable, here NPV, is calculated. By repeating
this process 10,000 times a frequency chart (histo-
gram) is generated. Figure 2 shows that the histogram
forms a probability distribution for the output variable.
The final part of the risk analysis is to interpret the
information from the input and output distribution.

Risk analysis

When the simulation is finalised, the complete statis-
tics on the output variable distributions, the correla-
tion between output variables is available and can be
extracted in a report, which is an Excel workbook
with tables. The samples generated for the input vari-
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Variable 1

v
0,68 0.74 0.80 0.86 092

Variable 2

Probability

LASIN

y
1,09 1,54 2,00 2,46 91

Variable 3

v
0,55 0,78 1,00 1.23 1,45

al

ables can also be saved for further analysis. In addi-
tion, the impact of each input variable on the given
output variable is measured as well — either in terms
of the so-called Rank Correlation or the contribution
to the variance. Both of these metrics will be
described in more detail in Appendix B.

An overview of the uncertainties and risks in
telecommunication projects is discussed next before
moving on to the actual case study in Chapter 5.

5 Risk analysis of ADSL2+/VDSL
rollout case study

The six different rollout scenarios described in [1]

with different timing and ambition levels of

ADSL2+/VDSL rollout are summarised as follows:

Scenario 1: “Market equality, no overlap”
Scenario 2: “Market equality, 50 % overlap”
Scenario 3: “Market equality, 75 % overlap”
Scenario 4: “Incumbent two years delayed”
Scenario 5: “Incumbent one year delayed”
Scenario 6: “Incumbent aggressive rollout *

The base case results [1] are summarised in Figure 3.
To be able to analyse the impact of the uncertainties,
the most critical variables have to be identified. In

this case study the most important variables are con-
sidered to be:
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Figure 2 Risk simulation using Monte Carlo analysis

¢ Adoption rate forecasts

* ARPU

* Broadband content costs

* Sales costs

* Provisioning costs

e Customer operations and maintenance

¢ Customer installation costs

e Smart card costs

e Line card costs

e Price reduction rate for DSL equipment, i.e.
DSLAM rack and linecards.

Table 1 summarises the uncertainty assumptions
for each variable. Each selected input variable is de-
scribed by its default value, upper and lower limit,
confidence interval and probability distribution
parameters.

oo S¢l Sz Sc3 Sc4 Sch ScB

Figure 3 Base case results for the six scenarios



The broadband demand, the costs and revenues are
predicted from 2005 to 2011. The main variables
can be grouped by demand, ARPU, which gives the
expected revenue, and costs like Capex, Opex and
content and sales costs.

Most of the values in the table are specified in
EURO. The sales costs and the content costs are
expressed as a proportion of the total (ISP + whole-
sale part) and ISP part of the revenues respectively.
The sales costs are 30 % of the total revenue each
year. The content costs are 60 % (default) of the ISP
part of the revenues in the first two years of opera-
tion, 5 % less in year 3 and 4 and then decreasing by
5 % in the following years. Figure 4 shows the
default ARPU breakdown.

The demand evolution is based on the adoption rate
in year 2011. The adoption rate values in the period
2006 — 2010 are adjusted proportionally according to
the simulated 2011 value.

The other variables in the table have reference values
for 2005. Based on the reference values, predictions
are calculated for the 2006 — 2011 period. In a simu-
lation trial, the reference value has a deviation. Then
the predicted values (2006 — 2011) will have a devia-
tion proportional to the predicted size (2006 —2011)
multiplied by the reference value deviation. Since the
values of the variables are simulated a large number

of times, there will be great variation in the devia-
tions, based on the probability distribution used.

10,000 trials of Hypercube simulation were perform-
ed for each of the six scenarios, in order to analyse
the impact on the net present value (NPV). The Beta
distribution has been used for all input variables. A
more detailed description of the Beta distribution is
found in Appendix B.

First, three sets of simulations (for each scenario)
were carried out:

¢ All ten variables were simulated;

e Only Adoption Rate and ARPU were simulated
(the rest were frozen at default values);

* Only Adoption Rate was simulated (the rest were
frozen at default values).

Table 2 summarizes the results for all the three simu-
lation types for the six different scenarios in terms of
mean value, standard deviation and 5 % percentile.
All values are in mill. EURO.

As can be seen, all six scenarios have negative 5 %
percentile values when all ten variables were simu-
lated. The reason is the generally high customer-inde-
pendent investment combined with high uncertainty

Variable name Minimum 5% Default 95 % Maximum a B
value percentile value percentile value

Manthly ARPU 90 95 100 108 124.7 5.1 11.16

Line card price 1,200 1,400 1,600 1,800 2,000 4.94 4.94

Sales costs 25 % 275 % 30 % 325% 35% 494 494

Pravisioning costs 50 60 65 70 80 .77 .77

Equipment price

reduction rate 5% 8% 10 % 12% 15 % 8.02 8.02

Adoption rate,

final year 26 % 29 % 32% 37% 42 % 4.02 6.04

Customer

installations cost 100 10 120 130 140 4.95 495

Content costs 50 % 55% 60 % 65 % 70 % 4.95 4.95

Smart card costs 20 25 30 35 40 4.94 4.94

Customer operations

& maintenance 15 20 25 30 35 4.95 4.95

Table 1 Assumptions for probability distributions used in uncertainty and risk calculations
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in ARPU and adoption rate. The input variables are
independent in the simulations, which means that tri-
als with a combination of a low adoption rate and a
low ARPU will give a significantly negative contri-
bution to the NPV.

For all the scenarios it was found that the adoption
rate and ARPU in that order were by far the most
dominant contributors to the uncertainty in NPV. The
contributions to the NPV variance were in the 48 % —
56 % range for the adoption rate and the 33 % —

38 % range for the ARPU for the six scenarios. The
contributions from the remaining assumptions were
therefore small in comparison. Especially the network
component costs have a very small impact. This is
due to fairly good cost prediction models combined
with experiences of cost reduction trends of network
components for the last years.

Scenario 6 has the largest NPV and also the highest
mean value to standard deviation ratio and is there-
fore the least risky scenario. Scenario 4 has the small-
est NPV (default as well as simulated mean value)
and in addition the most negative 5 % percentile (and
therefore the highest value at risk; VaR). All the sce-
narios look quite risky with negative 5 % percentiles
in most cases.

As expected, the standard deviation decreases with
fewer simulated input variables. As the ARPU and
Adoption Rate are the two dominant variables, the
most dramatic decrease is seen when going from two
variables simulated to only one simulated variable.
When only the two dominant variables are simulated,
the 5 % percentile turns positive in Scenario 6. When
only the adoption rate is simulated, the 5 % percentile
also turns positive for the first three scenarios. When
only simulating the Adoption Rate, we avoid the neg-
ative contribution from trials with low values of both
Adoption Rate and ARPU. Therefore the 5 % per-

o 120
£ B Wholesale part of ARPU
% 100 ISP share of ARPU
z
80
60

40

20

0
2005 2006 2007 2008 2009

Figure 4 ARPU breakdown

centile is improved and the risk therefore reduced
even further.

This first batch of simulations was done in order to
illustrate that too pessimistic values are generated if
we do not take the inherent coupling between ARPU
and Adoption Rate into account. This coupling can
be modelled by the use of price elasticity models so
that the adoption rate will generally increase with a
decrease in the monthly tariff. However, such models
can be quite complex as other parameters than just
price generally influence the adoption rate of services
such as brand value, etc. As this kind of price mod-
elling is outside the scope of this paper, we chose to
study the impact of introducing a generic negative
correlation between the Adoption Rate and the
ARPU. The next step was to study the impact of
“weak”, “moderate” and “strong” correlation using
—0.25, -0.50 and —0.75 respectively for the correla-
tion value. The results are shown in Figure 5 where
all variables are simulated.

We see that the risk is reduced remarkably as the
5 percentile is increased significantly due to the
reduced standard deviation in each simulation.

Scenario 10 variables simulated Adoption rate and ARPU Only Adoption Rate simulated
5% perc. = 95% perc. o 5% perc.  95% perc. o 5% perc. 95%perc. o
Sc. 1 -48.5 1155.7 364.1 -5 1.114.5 3395 58.6 9284 263.4
Sc.2 -70.6 1,138.4 365.7 -274 1,097.3 341.2 37.6 909.7 265.6
Sc. 3 -102.3 1,108.3 366.4 -58.9 1,066.1 341.9 4.3 882.5 266.6
Sc. 4 -376.4 438.5 264.8 -341.4 408.4 227.6 -2874 261.6 166.7
Sc.5 -212.0 830.8 3159 | -174.2 795.8 293.8 -112.9 6249 | 224.]
Sc.6 -50.6 1,561.9 487.7 6.0 1,507.2 455.9 90.6 | 1,256.9 356.1

Table 2 Summary of three types of Monte Carlo simulations — by scenario
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Figure 5 5 % percentiles for various degrees of correlation between
ARPU and Adoption Rate. Ten variables simulated
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The ranking of the different scenarios with respect

to the ranking of NPV and riskiness is however un-
changed. Scenario 6 is still the most profitable project
and is also the project with the smallest level of risk
in terms of mean to standard deviation ratio. Scenario
6 has the highest mean to standard deviation ratio fol-
lowed by Project 2. We also see that Scenario 4 and
Scenario 5 have negative percentiles for all levels of
correlation. These two scenarios also have the lowest
values of the mean to standard deviation ratio.

For moderate and high correlation, Scenarios 1, 2, 3
and 6 get positive values of the 5 % percentile.

M no corr.

W -0.25corr.

M -0.50 corr.
-0.75 corr.

Sc.1

Sc.2 ISc. 3

Sc.6

Figure 6 5 % percentiles for various degrees of correlation between
ARPU and Adoption Rate. Two dominant variables simulated
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The simulation batch with correlation was also car-
ried out where only Adoption Rate and ARPU were
simulated. The results are summarized in Figure 6.
The same trend and ranking as in Figure 5 are seen
but now the standard deviation is even smaller due
to the fewer variables simulated.

Scenario 4 and Scenario 5 remain quite risky due to the
delay of entry by two years and one year respectively.

It should of course be pointed out that broadband roll-
outs would be stopped or scaled down if the cash
flow is significantly lower than what is expected.
Then, the project has to wait until the expected costs
decrease or the revenue increases.

For the given assumptions, the strategy of entering
the market too late at high coverage as in Scenario 4,
is very risky due to lost market shares. The risk
picture for Scenarios 1-3 and Scenarios 5-6 is strictly
on the pessimistic side, as flexibility in timing is not
taken fully into account by considering the given roll-
out scenarios separately.

An optimal strategy will be to go for a rollout level
as in Scenarios 1-3 and scale up the ambition level in
coverage as in Scenario 6 only if market conditions
are favourable.

6 Conclusions

The objective of the presentation was to show how
risk analysis and the related risk framework are used
to evaluate business cases on broadband rollout
taking the risks into account.

By using Monte Carlo simulations it has been possi-
ble to give a more complete picture of the risks in
large-scale broadband rollouts. The additional multi-
variable sensitivity analysis gives the contribution to
the NPV variance from all the uncertain assumption
variables in the case study. Using the traditional sen-
sitivity analysis concept where all assumption vari-
ables are changed one at a time is only useful as a
first step in order to pick the dominant ones for fur-
ther analysis. The reason is that the former concept
only shows what is possible — not what is probable.

When not using correlation between variables, all the
six scenarios that were investigated had a negative

5 % percentile, i.e. a positive value at risk, and there-
fore carried significant risk even though four of the
scenarios showed a high NPV as well as internal
return. By not taking into account the inherent cou-
pling of ARPU and adoption rate what will result is a
too high standard deviation and thereby overestima-
tion of the risk. The impact of negative correlation
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between Adoption Rate and ARPU was therefore
studied thoroughly. Correlation showed significant
impact on the result due to the reduction in standard
deviation. For moderate correlation of —0.5, all but
the two most risky scenarios (Scenario 4 and Sce-
nario 5) showed positive values of the 5 % percentile.
However the ranking of the scenarios in terms of
NPV and riskiness remained unchanged. The mean
value/standard deviation is a good measure in order
to rank projects according to risk.

The risk analysis showed that the adoption rate had
the highest impact on risk followed by the ARPU.
The prediction of network component costs generated
limited risk compared with the adoption rate and the
ARPU. The reason is the existence of fairly good cost
prediction models combined with experiences of cost
reduction trends of network components for the last
years.

The methodology described showed its usefulness in
identifying the overall uncertainty as well as giving
good indications of the ranking of investment projects
with respect to risk. We also believe that an extension
of the framework taking into account strategic flexi-
bility (if any) would be very useful.

7 Appendix A

In the following, the uncertainty model is described.
We give a short description of the Beta and Log Nor-
mal distributions and how to calculate relevant para-
meters from specified values and ranges of the
selected uncertainty variables.

Beta distribution:
The Beta distribution has a number of characteristics
that makes it useful for most studies:

e It is confined to a specified interval;

e It has sufficient degrees of freedom — it can be
symmetric and bell-shaped or asymmetric and
peaked.

A Normal distribution is not useful in the modelling
of variables that can only have positive values. A
Normal distribution with given mean and standard
deviation will have a certain probability > 0 that a
negative number will be produced. As a result, either
meaningless outputs will be generated or the calcula-
tion will end with an error message.

The generalised Beta distribution of a variable in the
closed interval [a, b] is given by:
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o) = G - W =)

(A.1)

where B(a, p) is the Beta function defined by

L'(a)T(B)

B =V A2

(e, 8) Ta+ 8) (A-2)
where I'(z) is the gamma function of z, z#0, -1, -2,

=3, ...

In many simulation tools, only the normalised Beta
distribution, i.e. ¢ =0 and =1 is available. How-
ever, this problem is easily transformed by the linear
transformation:

% (A3)
—Q

Y:f(X):(b—a)X—i—ac»X:};

The most expected value (mode) of the Beta distribu-
tion is defined as the value of y for which w =0.
By standard calculus, we get the mode dy

a—1

and the mode of the normalised Beta distribution

xo_o-1 (A5)
a+—-1

It is often easier to relate to a most expected value
and a confidence interval of a random variable than
the mean value and standard deviation. If ¢ is the
confidence interval, Y; the lower percentile of the
confidence interval and Y the higher percentile of
the confidence interval (by definition ¢ = H — L), we

must have
Yy Yy Y.
/ p(y)dy = / p(y)dy — / p(y)dy =
Y. 0 0
B(Yn, o, 8) = B(YL,,8) = ¢ (A.6)

where B(K a, 3) is the accumulated Beta distribution
of Y with parameters o and . This function is
defined as a built-in function in Excel. When the
mode is known, we only get one unknown parameter,
namely a. We then have:

ﬁ:a(l—)_()_—i—ZX—l:

X
aY —a) +2Y — (b+a) (A7)
Y —a

a can found by using Solver in Excel.

As an example, we use as default value 15 % for the
Beta-distributed variable. The 5 % and 95 % per-
centiles are chosen as 10 % and 20 % respectively.
The minimum and maximum values are set to 5 %
and 25 % respectively. Figure 7 shows an implemen-
tation in an Excel spreadsheet.
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Figure 7 Parameter calculation using Solver and Excel

The Beta distribution can have many shapes depend-
ing on the size of the parameters a and f. Figure 8
shows the shapes of the Beta distribution for different
combinations of a and f3.

The Log Normal distribution:

The Log Normal distribution is often used in mod-
elling random variables that can have non-negative
values up to infinity (in principle) as for stock values
etc. For a Log Normal distribution, the natural loga-
rithm of the variable is Normal distributed. If the log-
arithm of the variable of interest, X has a mean and

a=3, p=3, X=0.5

0 0.2 04 0.6 08 1.0
a=6, p=3, X=0.71

standard deviation of uy o, and o 4 respectively, the
probability distribution is defined as:

_ 1 — [ln(:z) 7 ;uLog]2
p(z) = mULogw exp { QU%og } (A.8)

The mode X, Mean E(X) and variance o? are found
by standard calculus as:

X = exp(lu’LOg - UI%og)

2
JLog
E(X) = €xp (NLog + T)

(A.9)

(A.10)

0% = exp (2110 + U%Og) (exp (U%Og) —1) (A.11)

The parameters can be found by using the Solver
function, when mode and percentiles, e.g. 5 % and
95 % percentiles are known.

8 Appendix B

In the Monte Carlo simulations approach the input
variables are ranked by so-called rank correlation or
contribution to variance.

Rank correlation:

A correlation coefficient measures the strength of the
linear relationship between two variables. However,
if the two variables do not have the same probability
distributions (or at least are very different due to the
general non-linear relationships in a model e.g.
demand models), Pearson’s correlation [4] may give
misleading results. Therefore the so-called rank cor-

1.2

1
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06 —
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027 0 0 0
00 02 04 06 08 10
a=1, p=1, X=undefined

Figure 8 The Beta distribution for various combinations of o and f3
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relation or Spearman rank correlation coefficient [5]
is used. This is the general measure used in most
Excel-based commercial software tools. To calculate
the rank correlation between two data sample vectors
A and B, the data is ranked in order of size using
the numbers 1, ..., n. Rank-correlation is in any case
useful when data is not presented in precise samples,
which is the case when the number of simulation tri-
als is moderate or small and hypercube sampling
(which is more time consuming than standard Monte
Carlo sampling!) is not applied.

The rank correlation coefficient is calculated from the
following formula:

63 dF B.1)

"= _n(n2—1)

where d; is the difference between ranks of i sample
of A and B and n is the dimension of the arrays. The
data can for example be the ranks in two different
competitions among five competitors.

Example
A=[52413land B=[31524].

We immediately find
d=[21111]andd?=[41111].

n=>5
d dP=4+1+1+1+1=8 n>=25
i=1
We therefore have

6 x8

o=l
"Rank 5x (25— 1)

=1 2 _ 0.6

= =06
Contribution to total variance:

Crystal Ball® calculates the contribution to variance
for variable i as

CVar,i = W (B2)
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Abstract

Different ADSL2+/VDSL roll out scenarios are
examined. Take rate for the competing operators is
modelled depending on theirs entrance in various
exchange areas. Net present value and internal rate
of return have been calculated by use of an
advanced techno-economic tool. Based on analysis
of the different scenarios, guidelines for roll out
ADSL2+/VDSL strategies is developed.

1 Introduction

During the last years a significant broadband
demand has been generated in Western Europe.
Forecasts show that the expected broadband
penetration in the residential market will be about
20% in year 2005 [2,5,6]. The most relevant
broadband technologies are: DSL, HFC, FTTH,
FWA, WLAN, multiple ISDN lines, DTT and also
satellite solutions to cover the rest market. The
European Commission has recommended a market
driven and technology neutral broadband evolution.
Only Sweden, Canada and South Korea have used
another strategy by supporting part of the
broadband  deployment with  Governmental
investments.

The incumbent operators face competition from the
LLU operators, the cable operators and to some
extent operators using fixed wireless access and
fibre to the home solutions [9,13] In the rest market
with sparsely dense population the satellite
operators challenge the incumbent operator
[1,4,10]. The question is what type of broadband
strategy should the incumbent apply for not loosing
too large market share.

The incumbent operators have started to roll out
ADSL. The second step is to use enhanced
technologies like ADSL2+ and VDSL with the
potential of a much broader spectrum of services.

2 Broadband technology forecasts

Broadband access forecasts for the residential
European market have been developed by the
European projects AC364/TERA and IST
25172/TONIC. The forecasts are made by using
diffusion models for the total broadband penetration

and separate the penetration for each technology
prediction based on market share predictions
[2,5,6,8,14,15]. New updated forecasts have now
been developed. The forecasts are shown in figure
2.1. The forecasts are separated in ADSL,
VDSL/ADSL2+, HFC and other broadband
technologies.

The CaTV coverage is very different in Western
Europe. Some countries, like Netherlands and
Belgium, have a nearly 100% coverage, while other
countries have a more limited coverage. Because of
Direct To the Home (DTH) satellites, the CaTV
networks are not expanded. However, the CaTV
operators are upgrading their networks to HFC. The
study presented in this paper analyses areas where
there is no competition from HFC.

%00 ——Sum

450 | —=—ADSL
40,0 { —&— VDSL/ADSL2+
350 —=e@— Cablemodem

—¥— Other BBtech.

30,0
25,0

20,0
15,0 1
10,0
5,0

0,0 -

Figure 2.1 Broadband penetration forecasts (%) for
the West European market

The penetration is a function of the deployment and
the adoption rate. The adoption rate is the genuine
demand for broadband. However, the demand
cannot be effectuated if the broadband
infrastructure is not deployed. Hence, the adoption
rate will always be higher than the penetration if
coverage is less than 100%. The penetration for a
country is estimated by multiplying the mean
adoption rate with the coverage.

3 High capacity broadband: ADSL2+
and VDSL

So far the incumbents have offered ADSL in the
residential market and ADSL/SHDSL in the
business market. The next step is to extend their

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
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broadband offer by ADSL2+/VDSL. Telenor have
studied VDSL extensively the last 3 years by a
large VDSL pilot with 700 subscribers. The
technology offers two parallel interactive TV
channels and traditional Internet surfing (ADSL) at
the same time with 15 Mbit/s capacity up to 1,5 km
from the DSLAM. ADSL2+ is predicted to cover
distances up to 2 km from the DSLAM with 10
Mbit/s capacity.

A set of different elements is important for ADSL,
ADSL2+ or VDSL roll out in various access areas.
Important elements are: Size of the access area
(number of customers), broadband penetration
forecasts, distribution of the copper lines,
standardisation of broadband network elements,
especially access cards and multi DSLAM, network
component prices and functionality, broadband
capacity and length capability for ADSL2+ and
VDSL and broadband applications offered.

4 Strategic positioning

The challenge for the incumbent operator is to roll
out ADSL2+ and VDSL at the right time. The
timing for rollout depends on what the LLU
operators and other operators using other broadband
technology are doing in the same access area.

The broadband operators wait for standardisation of
the DSL technology and mass production of new
network components to get cheaper prices and
lower investments and lower operational costs. On
the other hand, the operators are afraid for loosing
significant market share. In Sweden
Bredbandbolaget and Bostrem have announced that
they plan to offer VDSL based on hiring the copper
lines (LLU) from TeliaSonera. The operators will
introduce VDSL in the largest exchanges in the
three largest cities in Sweden. The operators plan to
use a cherry picking strategy by offering the service
to customers, which are situated close to the
exchange according to the maximum VDSL
coverage without doing any infrastructure
investments. It is of cause a good strategic move to
start with largest exchanges where the investment
per customer is small. In addition the operator
reduces the other operators market possibilities
significantly in the area.

5 Adoption rate forecasts

In this paper a generic model is used to quantify the
market loss for the incumbent by entering the area
later than a competitor. The adoption rate is the
genuine demand for broadband in an area. The
adoption rate will be effectuated if a broadband
infrastructure is deployed in the area. The adoption

rate for ADSL2+/VDSL has been estimated based
on the penetration forecasts given in figure 2.1
adjusting for deployment coverage and assumption
of no HFC penetration in the areas considered.

Figure 5.1 shows the adoption rate for the
incumbent as a function of delayed introduction of

ADSL2+/VDSL in an area.

Adoption rate as a function of delayed

introduction
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Figure 5.1 ADSL2+/VDSL adoption rate forecasts
as a function of delayed introduction

The upper curve shows the adoption rate evolution
if only one operator is offering the broadband
services in the area. The next curve shows the
adoption rate evolution if both the incumbent and
another operator enter the area together at the same
time. The other curves show the adoption rate
evolution based on delayed introductions.

The generic model for reduced adoption rate as a
function of delayed introduction assumes that the
first operator takes the initial market, while the new
operator the first year takes 20% of the market
growth, the second year 35% of the market growth
and from the third year 50% of the market growth.

6 Market segmentation

The market is segmented in 5 main groups
according to the exchange size where the size is
defined as number of households with a twisted pair
connection to the exchange. Table 6.1 defines the
market segments called area 1, area 2, ---, area 5.

Table 6.1 Market segments according to exchange
size and volume of households in the segments

Market Exchange size N Per cent
segment households
Area 1 15.000 <N 10%

Area 2 10.000 <N =<15.000 | 15%

Area 3 5.000 <N =<10.000 | 20%

Area 4 2.000 <N =< 5.000 | 20%

Area s N =< 2.000 |35%
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It is assumed that households in dens areas have a
higher broadband penetration and also generate
higher Average Revenue Per User (ARPU). The
relative weights regarding both penetration and
ARPU are 1,2 for area 1, 1,1 for area 2, 1,0 for area
3, 0,95 for area 4 and 0,90 for area 5. The most
attractive market segment for ADSL2+/VDSL roll
out is area 1, followed by area 2 --- etc, because of
higher penetration, higher ARPU and lower
investment cost per customer.

7 Deployment scenarios

Six different deployment evolutions called scenario
1, --- , scenario 6, are analysed. It is assumed for all
scenarios that the ADSL2+/VDSL roll out ends
with 60% coverage in year 2010. In addition the
investments are based on a cherry picking strategy
only offering ADSL2+/VDSL to customers with
maximum 2 km copper lines. In this study VDSL is
offered to customers with copper lines up to 1,5
km, while ADSL2+ is offered to customers with
copper line in the range 1,5 —2 km. The cherry
picking strategy is based on no additional
infrastructure investments.

The tables show for each year the deployment
volume proportion (in percent) of the total number
of households both for the incumbent and for other
operators. The tables indicate with bold
percentages that the operator is the first one in the
given exchange area, and with non bold
percentages if the operator is the second one. The
deployment strategy for the operators for each
scenario is to be the first operator in an exchange
area starting with the largest exchanges possible.
The operators are not allowed to cover Area X+1-
las a second operator before all the Area X is
covered by operator number one.

Scenarios 1-3 show competition situations where
the incumbent and the other operators take 50% of
the market. Scenario 1 represents a strategy where
there is no overlap, i.e. there is non-second operator
in the areas. In scenarios 2 and 3 there are
respectively 50% and 75% overlap in the exchange
areas. Scenario 4 and 5 show situations when the
incumbent is respectively two and one year delayed
in ADSL2+/VDSL roll out compared with the other
operators, while scenario 6 shows an offensive roll
out from the incumbent point of view.

Table 7.1 Scenario 1 — Market equality, no overlap

Year | Inanb Gher | Oele] Inourb| Gher | Inour) Giher | Inou| Grer | Inauny

Areal | Areal | Are2| Aes2 | AesB| AeeB| Arest

4| 25% 25%| 0%
06| 75% 75%| 0%
06| 125% 1264 0%
07| 175% 1754 0%
08| 25% 25% 0%

25% 25%
25% 25%)| 25% 25%
50% 50%
50% 50%
50% 50%

2010) 300% 00%

M| 275% 215K 0%

0%

50% 50%
25% 25%

am

0%

50%]| 50%

75%)| 75%

100% 100%

75%)| 75%

Table 7.2 Scenario 2 - Market equality, 50%
overlap

Yeer | Incumb  Other | Overlap| Incunb| Cther | Incumb] Gther | Incunb| Cther

Areal | Areal | Area2 | Area2

2004 25% 25%
2005 75% 75% 25% 25%
2006( 150% 150%| 50%| 25% 25%
207 225% 25%| 100%| 25% 25%
2008| 5% 32.5%| 200%
2009| 40,0 % 40,0 %| 250 %
2010] 45,0 % 45,0 %| 300% 25% 25%

25% 25%
25%
50%

25%
50%
50% 50%
50% 50% 50%

25%

50%
25%

50% 50%
25% 25%

Sum 100%] 100%) 150 %] 150 %] 12.5%| 125%

75%| 754

Table 7.3 Scenario 3 - Market equality, 75%
overlap

Yeer| Incumb  Cther | Overlap| Incunb| Cther | Incumb] Cther | Incunb| Cther

Areal | Areal | Area2 | Area2

2004 25%| 25%| 00% | 25% 25%
2005 7.5%| 7.5%| 00%| 25% 25%
2006( 17,5%| 17,5%| 100%| 50% 50%
2007 27,5%| 27,5 %| 200 %
2008 35,0 %| 36,0 %| 250 %
2000| 45,0 %| 45,0 %| 35,0 %
2010 52,5 %| 52,5 %] 450 %

25%
50%
50%
25%

25%
50%
50%
25%

50% 50%
50% 50%
50% 50%
50% 50%

50% 50%
25% 25%

Sum 10% | 10% | 15%| 5% | 0% | 20%

75%|75%

Table 7.4 Scenario 4 - Incumbent two years delayed

Year| Incumb  Cther | Overlap| Incunb| Other | Incunb| Gther | Incumb| Cther

Areal | Areal | Area2 | Area2 | Area3 | Areal

2004 00% 50%| 00%
206 00% 150%| 00% | 00% 50%
2006| 100% 250%| 50% | 50%
2007) 225% 37,5%| 150%| 50%
2008]| 350 % 45,0 %| 27,5%)
2009( 450% 50,0 %| 37,5% 25% 25%
2010] 525% 525 %| 450 %) 75%

00% 50%
00%
50%
00%
50%
50%

50%
50%
50%

50%
75% 75%
25% 50%

50% 25%
25% 25%
25%

am 100%)| 100%)| 150%| 150%| 200%)| 20,0%)

75%)| 75

Table 7.5 Scenario 5 — Incumbent one year delayed

Year | Incumb  Cther | Overlap| Incunb| Other | Incunb| Other | Incumb| Other

Incub) Cther|

Areal | Areal | Area2 | Area2 | Area3 | Areal

2004] 00% 50%| 00%
20065] 50% 150%| 00%| 25% 25%
2006( 150% 250%| 7.5%| 50% 25%
207) 250% 360%| 150%| 25%

2008| 350% 42,5%| 225%
2000( 450% 47,5%| 325% 50% 25%
2010 50,0 % 50,0 %| 40,0 %) 50% 25%

00% 50%
25%
25%
25%
50%
25%

75%
25%
25%
25%

25% 50%
50% 75%
00% 00%

50% 50%
25% 25%

Sum 100%] 100%)| 150 %] 150 %] 17.5%| 17.5%

75%| 75

Table 7.6 Scenario 6 — Incumbent offensive roll out

Year | Incumb  Cther | Overlap| Incunb| Other | Incunb| Other | Incumb| Other

Incub Cther

Areal | Areal | Area2 | Area2 | Area3 | Areal

2004] 50% 50%| 00%
2005] 150% 100%{ 00%
2006 250% 200%| 100%| 50%
20071 360% 27,5%| 17,5%)
2008| 450% 32,5%| 250 %
2009| 525% 37,5%| 325%) 25%
2010] 55,0 % 40,0 %| 350 %) 25%

50% 50%
100% 50%
50% 50% 50%
50% 50%
50%
50%

50% 25%

25%

50% 25%
25% 25%
25%

Sum 100%] 100%) 150 %] 150%| 200%| 100%

100%] 50%
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8 Techno-economic assessments

Different deployment strategies are analysed by
using a techno-economic tool. The tool developed
within the European programs ACTS and IST by
the projects AC 226/OPTIMUM and AC364/TERA
and IST 25172/Tonic calculates net present value
(NPV), payback period and internal rate of return
(IRR) for each deployment strategy. The tool
contains a cost database with reference costs for
network components in 2004 and learning curve
predictions of the component cost evolution. The
Capital Expenditure (CAPEX) is calculated based
on the forecasts, the dimensioning of number of
components and the predicted cost evolution. In
addition Operational Costs (OPEX) is calculated
based on operation and maintenance parameters for
the component and the maintenance system. The
revenue in the model is found by multiplying the
ARPU with the access forecasts. The discount rate
is assumed to 10%.

The cherry picking strategy for ADSL2+ and
VDSL only offering the access close to the
exchange/DSLAM are examined. The techno-
economic tool calculates the economic value of the
strategies for different roll out times for the
incumbent operator based on deployment strategies
to the other operators.

9 Results

The business case studied is a country with 60
million inhabitants and 25 million households. The
average number of lines per exchange (CO) in area
1,2, 3,4, 5 is assumed to be 12.000, 8.000, 2.600,
1.400 and 400 respectively. The ADSL2+/VDSL
coverage within 2km is assumed to be 75%. This
coverage is different in various European countries
because the distribution of the subscriber lines is
different.

The main results are shown in figure 9.1 where the
net present values are calculated for all scenarios.
The figure shows that scenario 1-3 have rather good
net present values for the incumbent and of cause
also for the other operators (since the incumbent
and the other operators use identical roll out
strategies). Scenario 1-3 is described in table 7.1-
7.3. The scenarios 1-3 have a symmetric rollout
between the competitors, ending with 60%
ADSL2+/VDSL coverage in year 2010. Both the
incumbent and the other operators benefit by being
the first operator to enter new exchange areas. The
figure shows that the net present value decreases
when the incumbent has to use additional spending
the cover exchange areas as operator no 2. The
analysis shows that the most optimal way for the
incumbent and the other operators is to share the
market without overlap (Scenario 1). Then the

return of the investment is maximised. However,
there will be competition in a lot of areas and the
operators are not allowed to do such agreements.
Scenario 2 and 3 show the net present value when
the incumbent and the other operators have
respectively 30% and 45% overlap in the rollout.

400

300 -

200 - ]

100

0

NPV [ mill. EUR]

-100 -

-200 -

-300

Figure 9.1 Incumbent: Net present values for
scenario 1- 6.

Scenario 4 “Incumbent two years delayed” is
described in table 7.4. Both the incumbent and the
other operators end with 52,5 % coverage in year
2010. However, the incumbent is two years delayed
in the rollout compared with the other operators.
The consequences are rather dramatic since the
other operators enter the largest exchange areas.
The incumbent looses the possibility to be operator
no 1 in area 1 with the largest potential of
subscribers and also significant part of area 2 as the
first operator. The move for the incumbent is to
concentrate to be the first operator in area 3 and the
second operator in area 1 and mainly in area 2. The
incumbent has a rather aggressive rollout after the
two first years, but it is to late to get good results.
The explanation is loss of initial access subscribers
by entering the market too late and lower revenue
per subscriber by entering areas with less number of
lines. The net present value is significant less than
ZETo.

Scenario 5 “Incumbent one year delayed” is
described in table 7.5. Now, the incumbent is one
year delayed compared with the other operators.
The incumbent fails to be the dominating operator
on the largest exchage areas, but the handicap is not
as significant as in scenario 4. Figure 9.1 shows that
the net present value is positive but not more than
that!

Scenario 6 “Aggressive incumbent rollout” is
described in table 7.6. Now, both the incumbent
and the other operators start the rollout in year
2004. The incumbent has the resources and uses an
aggressive rollout and ends with a higher coverage
than the other operators at the end. Hence, the
incumbent also gets a better position by entering the
largest exchange areas as fast or faster than the



Competition in the local loop: How to minimise the market risk, ISSLS 2004 Stordahl et al 5

other operators. The result is a rather large net
present value — also compared with scenario 1.

The calculation of internal rate of return for the
various scenarios confirms the conclusions based
on the assessed net present values. The results are
shown in figure 9.2

30 %

25 % -
20 % A

15 % -

10 % A
5% -
0% T T T T T
Sc. 1 Sc.2 Sc. 3 ' Sc. 5 Sc. 6
5% -

-10 %

Internal Rate of Return [IRR]

Figure 9.2 Incumbent: Internal rate of return for
scenario 1-6

10 Conclusions

The operators have limited resources for
ADSL2+/VDSL roll out. The question is how to
utilise the resources in an optimal way. Analysis in
this paper shows that the first step is to enter the
exchange areas by the cherry picking strategy.

To optimise the economic value of the roll out, the
operators should start to roll out ADSL2+/VDSL in
large areas. However, the roll out depends on being
the first operator or the second operator in the area.
The analysis show that it is better to enter the
second best area as the first operator, than enter the
best area as the second operator.

Both the incumbents and the other operators are in
fact playing a game to utilise their resources in an
optimal way when they are rolling out
ADSL2+/VDSL.

This paper also gives some guidelines on how
ADSL2+ and VDSL should be rolled out. If the
competition is heavy, delay in the roll out causes
significant loss.
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Abstract

The paper examines new potential revenue streams for the fixed and mobile market. Data representing the evolution of household spending for a sample of European
countries have been collected and analysed. Especially, new services have been classified and a framework for forecasting models for potential new broadband revenues has
been devel oped. The paper documents substantial potential revenue possibilities for the mobile and fixed broadband market.
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1 Introduction

The Western European mobile and fixed network miarkeave grown

significantly during the last few years. Severaivelrs have initiated the very
strong growth and new drivers are initiated. Dimttion of network based
broadband content is in the initial phase. So Far broadband evolution has
mainly been driven by facilities like always ongher speed, fixed price (flat rate)
and flexible usage. The degree of payment for dyaad content is rather limited
for the moment.

The analysis and the results in this paper conatnimainly on the residential
broadband market. The residential market is alsm dbminant part of the
broadband market today regarding both accumulasdtict number of accesses
and revenue.

The main part of the paper analyses the evolutfotne household spending for
some European countries: France, Finland, Gerntdorgyvay, Spain and UK. The
data collection process has been difficult becabseneeded detailed spending
data cannot be extracted from the usual natiomdisits. The search has shown
that in some countries there exists more detaitegéhold spending data than in

other countries. Therefore, the results are basedather incomplete statistics
from some countries.

It is natural to analyse the spending budget farskbolds in order to estimate the
revenue potential for broadband content both faedinetwork broadband services
and mobile services. The hypotheses is: Part ofpleading categories, which the
household now pay for, will in the future be padlyigubstituted by use of services
in the mobile and fixed network. The estimated pu& will be an upper limit for
a long-term evolution. It is important to know ttia¢ identified revenue potentials
will be shared between different players in theugakthain: content creators,
content brokers, service providers, network opesadod others.

To make this evolution a success, it is importandévelop the right business
models between the players and also implemenf famificedures and principles
for sharing the added broadband value among players

2 Household budget evolution

2.1 Number of households and the evolution for some selected countries
Table 2.1 gives the number of households in theptarmf Western European
countries.



Table 2.1 Number of households for a sample of Epean countries, 1998 - 2003

Number of households ifmousands 1998 1999
France 23990 24277
Finland 2355 2365
Germany 37532 37795
Norway 1809 1846
Spain 12263 12672
UK 25217 25479

The table shows that the number of households asere for all the selected
countries. The mean growth from 1998 to 2003 w88%66,Spain had the highest
growth with 15,7%, while Finland the lowest with12. The main part of the
paper shows revenue potential per household. Iioge® the subscriber
broadband access forecasts takes into account rihethgin the number of
households.

2.2 Priceindex evolution in some European countries

Usually the statistics contain nominal values, Whineans what is the amount
spentin different years. However, the nominal valde not give the right

2000 2001 2002 2003
24567 24852 25140 25427
2373 2382 2398 2405
38124 38456 38720 38944
1876 1905 1937 1969
13086 13468 13843 14187
25727 25998 26259 26520

information for comparing what a household is spegéh different years. Hence,
the nominal values have to be corrected taking actmount the price index values
for the same years.

To get comparable spending data across variougriesirall data will be adjusted
by the price index evolution, setting price indext00 in year 2000. Table 2.2
shows the adjusted price index evolution for a darapWest European countries,
where the index is normalised to 100 in year 2000.

For a better understanding of comparisons, tal@el2ows the adjusted price
indexes with 2000 as reference year.

Table 2.2 Normalised price index evolution in a spha of West European countries, 1998 -2003

Adjusted price index to Reference Year 2000 1998 1999
France 0,98 0,99
Finland 0,96 0,97
Germany 0,98 0,99
Norway 0,94 0,97
Spain 0,94 0,96
UK 0,98 0,99

2.3 Household spending distribution

The household spending is distributed in the foilmyvmain categories: Food,
Alcohol/tobacco, Clothes/shoes, House/dwelling/poWwarniture/household

2000 2001 2002 2003
1,00 1,02 1,04 1,05
1,00 1,03 1,04 1,05
1,00 1,02 1,03 1,05
1,00 1,02 1,05 1,06
1,00 1,03 1,07 1,10
1,00 1,01 1,03 1,04
equipment, Health articles/services, Transport, @amnications/post,

Culture/leisure, Education, Restaurants/hotelsefOsbrvices/commodities.

The most important spending categories are:



- Food

- House/dwelling/power Table 2.3 shows the household spending evolutiomoiminal € values in some
- Transport European countries

- Culture/leisure

Table 2.3 Household spending evolution in nomirgalalues, 1998 -2003

Household consumption (at year 2000 prices) in 1998 1999 2000 2001 2002 2003
France 30591 31231 31947 32342 32704 32846
Finland 24690 25357 26083 26484 26704 27788
Germany 29800 30600 31200 32100 32100 33250
Norway 29348 33150 34578 35736 36945 37626
Spain 17731 18330 19863 20879 21320 n.a
UK 30873 32475 34011 35452 36851 38151

The values in this figure are not adjusted accagytlinthe price index. Therefore, it could be diffido identify if there has been a real growtlitia spending.

All figures in the following part of the paper aadjusted with the price index (100 in year 200@bl€ 2.4 shows the household spending evolution
in real “year 2000%.

Table 2.4 Household spending evolution in real “200€ values, 1998-2003

Household consumption in € 1998 1999 2000 2001 2002 2003
France 31203 31697 31947 31812 31589 31136
Finland 25819 26211 26083 25813 25627 26440
Germany 30408 31034 31200 31471 31044 31818
Norway 31066 34142 34578 35014 35228 35654
Spain 18964 19074 19863 20370 20000 n.a
UK 31530 32722 34011 35021 35932 36691

2.4 Increased pur chase power

Table 2.4 shows the evolution in real year 2000 numbers in the table are
mainly increasing, which indicates an increase hia household’s purchasing
power. Figure 2.1 shows the percentage increase 1898 to 2002.
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Figure 2.1 Increased spending per household 199&®2(or some European
countries

All countries except Finland have experienced amease in purchasing power
during this period. UK and Norway got a growth &-14%, while the other

countries had a more moderate growth. The mean thravas about 6,2%.

However, taking into account the growth in numbérouseholds during that

period, the increase in total spending for the cdete countries was 14,1%. The
values are corrected for inflation.

3. Services and revenues in the telecommunications industry

During the past decade, communication habits oplgeand the ways of using
communications networks have changed tremendobMglifimedia web content is
becoming richer every day, and technologies suck-amil, mobile telephony,
and SMS messaging have become an important parevefy-day social
interaction for the majority of the people in deymd countries. Services such as
video-on-demand, instant messaging, and differgpés of VolP services are
currently emerging in the markets.

3.1 Communications and content services

All the aforementioned services can be broadly grteed into two groups,
communications and content services. Basicallydifference between the two is
whether the people using the services are commiumicavith other people or
servers in the network.

Figure 1 shows a classification of person-to-persommunications services. In
the figure, the communications services are plameda matrix based on two
different qualities. Firstly, the services are dedl into three groups: mailing,
messaging, and calling, based on the immediachetbmmunication. Secondly,
the services are differentiated on the basis otctheent that can be conveyed by
them, i.e. text, images, voice, or video.

Mailing M essaging Calling

e

Value per bit decreases

Video Email

=

Image

Traffic volume increases

Text

Latency decreases
Value increases

Figure 3.1: Classification of person-to-person conumications services

By content services we mean e.g. electronic bookssic, movies, and video
clips, ordered and delivered over the fixed or n@hetworks. In content services
we can differentiate between downloading and sthegniaving different kind of
use models and technical requirements on the nktwor

3.2 Fixed, mobile, and wir eless networ ks and services

The classification introduced in Figure 3.1 does separate between fixed and
mobile services, and all the services in the matduld be provided over both



kinds of networks. Mobility increases the valuecofmmunications services by
allowing people to maintain their ability to comnicate regardless of time or
place. Furthermore, it removes the location depecel®f communications and
makes people more reachable. The increased redlith mfzreases the value of
the network service as the number of on-line usetise network increases.

In addition to fixed and mobile networks, there stxa number of wireless
technologies that provide local mobility inside .eaghome or office building,

adding value to the originally fixed service. TaBld shows a categorization of
network technologies in these three different dosai

Table 3.1: Examples of technologies in differentta@rk domains

Fixed Wireless Mobile
Circuit- PSTN, DECT GSM
switched ISDN Bluetooth | UMTS CS
Packet- ADSL WLAN GPRS/EDGE
switched Cable Bluetooth UMTS PS

Fixed line operators are in a good situation reiggrthe wireless domain, as the
networks are usually deployed as an extensionedfiided (broadband) service.
Mobile operators, on the other hand, are more yikel see networks such as
WLANS more as a competitor to their current sersice

WLANs can provide new revenue opportunities for hbdixed and mobile
operators, and from both communications and consemvices. Deployed in
homes, offices, and public places, the WLANs extéimel reach of the fixed
broadband networks, and allow the services to leel msore flexibly and freely.
Mobile handsets with integrated WLAN radios give thsers an opportunity to
choose between the mobile and fixed broadband me$weohen using a certain
service.

3.2 Revenue split between fixed and mobile services

Statistics about the telecommunications market sind breakdown between
different sub-categories can be found in the anmagllatory reports of EU
[EU7th, EU10th]. A summary of these statistics regented in Figure 3.2 and
Figure 3.3.

Telecom market size, EU15 (€ Billion)
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Figure 3.2 Growth of the EU telecommunications maats, 1998-2004 [EU7th,
EU10th]

1998 - EU15 - Total 159 BE
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@ Mobile telephone services

B Fixed voice telephony services|
O Fixed data services

B CaTV services

2004 - EU25 - Total 277 BE

@ Mobile telephone services
B Voice telephony and Internet
O Switched data and leased line services|

Figure 3.3 Breakdown of the EU telecommunicationsarket, 1998 and 2004
[EU7th, EU10th]

Both figures clearly illustrate the growth of thelile industry both in absolute
and relative terms. The share of the mobile senviagket has increased from 23%
to 44% in just seven years, whereas the fixed belep market has diminished
both in absolute and relative terms. Increasingetb@nomic profitability of the
fixed telephone network infrastructure, broadbanervises are currently
experiencing high growth throughout Europe andvwbed.



4 Potential new revenue for broadband

4.1 Broadband in Europe

Broadband access is booming in Europe. After ayears of strong growth, the
market for broadband access further accelerate@0itd. In most countries,
broadband access is now a commodity service thatidely available. This
resulted in an intensified competition. There amaple choice of services,
affordable pricing, higher speeds and growing amese among the customers.
These factors have made broadband access the hesimative for Internet access.
Migration from dial-up service took place fastemnhinitially expected and
companies are also replacing leased lines withdiraad connections.

Although growth over the next years will remainosiy, high growth rates for
basic access are expected to level off in the teng. By 2009, it is foreseen that
92 million broadband connections will exist. DSLcaants for around 80% of
these accesses; the rest is on cable. Beyond e lhternet access, new services
should enrich it, to compensate its dropping priagswell as the decreasing
traditional revenue streams.

Most of the growth for broadband is in the residdrgector, mainly over a DSL

or cable access. Users, initially attracted byyelgvel plans are migrating to

plans offering higher data rates and greater doachlallowances. As city

consumers are generally the main target for septiogider, complete availability

of these services in all regions is still not ditgaSo, coverage of small cities and
rural areas remains to be greatly improved.

Operators hopefully expect revenues from the neveriofs enriching the
broadband Internet accesses that can be considgregillar ensuring competitive
business for operators. However, due to the baitl¢ariffs and competition,
revenues will be reasonable. The possibilitiestwdase them will be very much
in relation to the market, business models anditatib deploy the necessary
infrastructure after deep analysis of technicabpimlities and demand.

In a "virtual society", communications networks as@ected to provide resources
for education, games, programs and shopping, dlailem a personalized way.
Children find it natural to carry cell phones, iBp®layStations. New generations
are used to videogames, music downloads, instaesagéeng and unlimited TV
channels, always accessible, any time, any place.

To meet these needs, telecom networks must evalvéedecom service providers
have to build infrastructure for voice applicatipngleo and data, delivered with
high quality and reliability over broadband netwarklew applications as well as
general information, movies, music, TV programsj aa on, will stream into the
home, workplace and portable devices.

The recently launched value-added services for oousts create a rather
optimistic situation for operators and service [levs expecting revenues to live
upon.

4.2 Services

Broadband is no longer just high speed Interne¢sxclt has evolved to become
the enabler of a bouquet of IP services. Althoughrhet access remains the most
important application for the short or medium termsice and video over
broadband can currently be considered as cornexstoh successful broadband
strategies.

Operators will provide bundles of services to attraew customers and retain
existing clients. However, if the customer expecenpoor performances for even
one service of the bundle, the entire service pgekan be rejected. Then, service
providers will lose the bundling business oppottiuni

Until now, the development of broadband access etarais been mainly driven
by high speed Internet access. Broadband connscfamilitate Internet centric

usage types, like surfing, e-mailing, file-sharingstant messaging. Recently,
operators launched additional applications, orobied existing ones, to increase
the appeal of broadband portfolios, expand the rpiate market and increase
revenue streams. Voice and video are still keyieatbns. An increasing number
of operators now offer triple play bundles, inchglivoice, video and Internet
access.

As a result of intense competition, incumbent ofpesahave included voice over
broadband in their portfolio, in addition to thaditional PSTN subscription, to
retain their customers. Lower cost is the key sgllargument. A number of
operators are offering low cost or even free sedom&services. This alternative



allows increasing the bundle of products and sesvtbat together represent value
for the customers.

As a revenue opportunity, these services on a selioa are rather limited and
substantial business cannot be expected out of. tHemever, with these low cost
access, customers can experience the quality wiee broadband can bring. If
this quality meets customer expectations, thigmdtive may easily be adopted.

Video is a major area of activity for broadband rapers. Technology allows

operators offering quality video services to usew®r IP connections or on

demand. TV over IP is a new market segment for divaad providers. With

revenues for fixed voice decreasing, and prices Hasic broadband access
dropping, new revenue streams are becoming crémiahany players. TV over

DSL also contributes to keep customers or evemacitsome already served by
cable operators. These services allow 1 or 2 clisrofestandard quality to be

delivered at the same time, requiring 2 to 4 Mbiés channel, depending on the
compression method. For competitive TV over IP rififgs, multiple TV streams

need to be delivered simultaneously, to allow foultiple TVs and a video

recorder per household. As HDTV is expected to becgopular, bandwidth

requirements will increase further.

In addition to voice and video, other applicatiazemn provide high value for
customers when combined with broadband access, asiehbroadband IP VPN,
which can be an alternative for a company instehdeased lines. Other
applications, like online/multiplayer gaming; videglephony, e-Commerce, e-
Learning, e-Government, e-Health, Domotics, Segwsérvices are certainly of
interest for business customers and may in somesdaterest households.

In the last few years, operators have increasedagegedownstream speed per
broadband connections, often with no extra changéhie customer. This increase,
enabled by technology advance, pushed by competdind allows bandwidth
intensive video content services available for lkbotds. The penetration of
services like TV over IP has an impact on the ayetzandwidth per connection.

Some recent services could be used in the homenatesrk, meeting the needs
of family members that live far from one anotheoy them to be able to

communicate visually by adding a video featurehi® telephone like videophony
and the videophonic gatekeeper.

The objective of the videophonic gatekeeper isainect visitors to a member of
a household, wherever he is. It meets the neegsayle with mobility problems

but also people who are rarely at home during iy @Vhen the visitor arrives,

the service displays his/her images on the TV sgreeon the office computer, or
soon, on the 3G mobile phone. A connection to thmé area network enables
communications to be set up with the TV set or \aitly appropriate set.

4.3 Infrastructure

The broadband needs of residential customers fletemd audio visual) involve

the problem of choosing the access network. Fochbaternet services, ADSL is

generally sufficient (up to 2Mbit/s and a good aage), but as many operators
want to offer bundles of services, they are looking ways to increase the

bandwidth of their access networks and ways toaggtheir networks to support
other DSL technologies.

Many operators in Europe are currently upgradirgrthetworks to ADSL2+, a
standard that increases the theoretical downstrepeed from 10 Mbit/s for
normal ADSL to 25 Mbit/s. More realistic performankevels are 16 Mbit/s to 18
Mbit/s downstream.

A successor of ADSL2+ is VDSL2 for mass market. Tiflgh profile, operating at
frequencies up to 30 MHz promises 100 Mbit/s of sygtrical speed, is limited to
very short loops of up 100 meters. In the low peofat 8 MHz, the aim is for
downstream speeds of 20 Mbit/s to 30 Mbit/s at 200 meters.

Increasing the bandwidth will allow a much broaderge of services to end users.
Because of the loop length dependency on DSL tdobwo the truly high
bandwidth TV/Video services will not be availabteall customers that can get a
DSL service. Therefore, fibre connected access sxed# have to be brought
closer to the end user, which will cost a lot ofnrag and time. It seems that this
situation will not be completed in a near future.

Cable networks are alternatives to DSL. Howevelty dnout of 3 households
were able to get a cable broadband access in 20l situation is improving, but
the reach of cable broadband access will remaariofto that of DSL. Coverage
is also significantly improved. The problems to dmved are more political or
financial than technical, but this places cablerafmes at a disadvantage with
regards to economies of scale, in terms of marggetioranding, equipment
purchasing and network efficiency.



Fibre metro Ethernet appears to be most suitablbusiness sites.

Radio-based broadband access technologies for ctimgpehousehold and
business sites can operate in a number of freqeendintil recently, most
broadband fixed wireless access networks were basegaroprietary equipment,
resulting in high cost and a poor business casenfust operators. The WiMax,
based on IEEE 802.16 range of standards, may h@abkifor equipment
interoperability.

Satellite broadband services are mainly marketeatéas where DSL services are
not yet available. Power line communications as® & solution, not expensive
but with a relatively low performance.

Of course, when planning any access deployment, sibietion cost is a
fundamental criterion. Depending on the specifipldgment model, costs vary
due to factors such as a technology maturity andkebaolume (which will drive

product price reductions), solution component @fficy and technology.

Bandwidth demand is driven by the end users and theed for enhanced

services. To assess the capacity supply, diffeaitnologies can be compared.
By optimizing the bandwidth supply to service demhaproviders can realize an
economical and profitable deployment.

Traffic engineering and bandwidth consumptions larg factors of deployment
plans.

4.4 New potential broadband revenue streams

It is natural to analyse the spending budget farskbolds in order to estimate the
revenue potential for broadband content both feedinetwork broadband services
and mobile services. The hypothesis is: Partsetgiending categories, which the
household now pays for, will in the future be i substituted by use of

services in the mobile and fixed network. The eatad potential will be an upper

limit for a long-term evolution. Telecommunicaticservices are expected to
provide support, or even constitute an alternattéesome existing services or
activities.

Table 4.1 gives the household consumption on ITipegent. It should be noted
that the classification used by COICOP (base ofeahegures) has not been fully
updated and, for instance, IT equipment does ndude PCs or other kind of
equipment actually used to communicate at the ptesee.

Table 4.1 Evolution of average household consuroptil T equipment, 1998 - 2003

IT equipmentin € 1998 1999 2000 2001 2002 2003
France 89,81 106,64 121,01 112,96 100,13 105,97
Finland 121,22 121,50 119,68 127,28 n.a n.a
Germany 146,54 181,67 205,64 199,87 n.a n.a
Norway n.a 243,38 297,33 295,50 263,37 246,40
Spain 68,79 69,76 77,00 76,42 60,66 n.a
UK 293,97 291,42 294,77 303,85 271,20 273,44

The table indicates a moderate or negative growtingd the last few years. Part
of the consumption is necessary for telecommurunaisage.

The consumption on telecommunication servicesasiged in Table 4.2



Table 4.2 Evolution of average household consuropti Telecommunication services, 1998 -2003

Telecommunication services in € 1998 1999

France 494,88 564,95
Finland 554,60 676,13
Germany 544,84 567,01
Norway 524,56 646,18
Spain 348,53 358,82
UK 560,41 607,50

*) Estimated

2000 2001 2002 2003
610,96 611,26 633,30 646,70
744,21 790,29 804,98 812,22
612,74 718,93 721,18) 723,44
611,11 678,00 715,38 793,88
373,79 415,25 440,47 n.a
669,68 697,01 708,19 735,08

The table shows a very significant growth in tHedemmunication consumption.
Figure 4.2 indicates the same.

Growth in telecommunication spending per household 1998-
2002

Growth in %

France Finland Germany Norway Spain UK Mean

Figure 4.2 Growth in telecommunication spending peousehold from 1998 to
2002

The figure shows that households in all selectadhtt@es had an increase ot more
than 25% in telecommunication spending from 1998102, which mean a yearly
increase of more than 6%! The mean increase fosdtmwlds is 32,9% during the
period.

The total telecommunication spending for all howde in selected countries has
increased from 312 mill € to 436 mill € in the eti The total telecommunication

spending is adjusted for inflation and takes imoount the increased number of
households.

In the same way, the following figures give the lation of average household
expenditures on TV, cinema, music, theatre, coacegambling, books,
newspapers, newsletters and journals, education leaching, and electronic
gaming. Parts of these spending categories wibtrfikely on long-term to be
substituted by telecommunication services available broadband accesses.

Table 4.3 Evolution of average household consuropti TV licences and pay TV, 1998 - 2003

TV licences and pay TV in € 1998 1999
France 171,54 185,73
Finland 132,32 132,43
Germany n.a 266,25
Norway 176,10 183,88
Spain n.a n.a
UK n.a n.a

2000 2001 2002 2003
191,81 193,80 196,34 202,08
141,17 148,97 149,31 147,96
271,64 291,42 311,24 318,06
199,67 212,91 223,79 236,33
n.a n.a n.a n.a
n.a n.a n.a n.a



Table 4.4 Evolution of average household consuropti Cinema, theatre, concerts, 1998 -2003

Cinema, theatre, concerts in € 1998 1999
France(Cultural services) 342,06 356,69
Finland 102,57 122,38
Germany n.a n.a
Norway 172,20 179,81
Spain 121,39 122,16
UK 625,71 643,29
Table 4.5 Evolution of average household consuropti Gambling, 1998 -2003
Gambling in € 1998 1999
France 235,32 240,86
Finland 496,88 500,00
Germany 649,17 684,63
Norway 307,10 284,69
Spain 157,94 149,98
UK 417,35 404,05
Table 4.6 Evolution of average household consuroptiBooks, 1998 -2003
Books in € 1998 1999
France 113,36 112,32
Finland 111,45 111,89
Germany 175,09 175,76
Norway 203,73 223,66
Spain 106,60 97,01
UK 122,85 133,55

2000
366,34
134,01

n.a
195,25
146,93
645,62

2000
267,48
524,23
707,11
282,22
155,54
389,51

2000
114,71
106,62
176,53
230,37
101,65
143,27

2001
372,00
142,42

n.a
208,20
152,85
671,01

2001
275,27
511,58
704,37
302,29
173,65
385,83

2001
121,66
103,95
173,36
229,59
105,54
148,87

Table 4.7 Evolution of average household consuroptiNewspapers, newsletters, journals, 1998 -2003

Newspapers, newsletters, journals in €
France

Finland

Germany

Norway

Spain

UK

1998
227,96
338,80
336,58
378,98
126,22
166,21

1999

224,14
351,40
334,09
358,57
111,29
168,24

2000
218,24
340,08
332,34
357,04
124,91
168,42

2001
212,20
341,33
314,08
376,68
124,94
159,43

2002
375,01
146,11

n.a
218,84
151,12
725,10

2002
284,73
511,17
678,16
308,19
171,46
402,63

2002
121,05
100,87

n.a
230,85
101,09
155,66

2002
206,00
329,04

n.a
372,70
118,99
154,66

2003
377,27
151,52

n.a
231,10
n.a
738,97

2003
290,42
538,84
675,93
348,74

n.a
420,52

2003
118,63
106,42

n.a
242,87
n.a
159,59

2003
199,88
344,59

n.a
366,06
n.a
152,49



Table 4.8 Evolution of average household consuropti Education and learning, 1998 -2003

Education and Elearning in € 1998 1999 2000 2001 2002 2003
France 179,34 181,33 176,20 174,38 178,34 180,02
Finland 139,43 133,30 125,58 126,05 125,69 126,60
Germany 198,20 202,60 206,96 205,48 211,81 213,04
Norway 106,51 106,81 107,28 115,52 115,37 108,92
Spain 253,33 250,57 244,86 234,80 230,22 n.a
UK 458,87 512,83 537,35 518,39 505,10 501,65
Table 4.9 Evolution of average household consuropti Electronic gaming, 1998 -2003

Gaming in € 1998 1999 2000 2001 2002 2003
France (video games, game console) 9,89 11,16 013,6 13,48 16,52 19,91
Finland n.a n.a n.a n.a n.a n.a
Germany (consol/pc/online/mobile) n.a 36,01 34,05 5,48 39,01 39,07
Norway 37,03 42,85 48,15 55,60 58,94 61,96
Spain 75,25 79,40 87,18 90,72 84,59 n.a
UK (including toys and hoobies) 469,21 513,06 534,3 589,19 669,75 724,66

5 Classification of services

The objectives with classification of broadbandviess and applications is to
make a structure for modelling the evolution of fliéure broadband ARPU.
There are reasons to believe that future ARPU wihsist of chargedor
installation and usage together with a monthly fee.

The classification of services and applications bansegmented in three main
groups:

- Content services
- Information retrieval and storage
- Person to person and Peer to peer

The segmentation is valid for the residential, whte business market is more
differentiated. Home office is a segment in betwdba residential and the
business market — sometimes financed by the cormpani

e Content services/applications
Today most of the income streams for content sesveind applications are not
part of the revenue for telecommunications servweviders and network
operators. However, broadband networks are ablératasfer new broadband
content applications and capture part of thesenircstreams.

The future content services/applications are:



Purchase of movies and music
Purchase of movies, VHS, DVD
Purchase of music, cassettes, CD, DVD
Leasing of movies and music
Leasing of movies, video on demand
Leasing of music, music on demand
Cultural services and entertainment
Video from program library, video on demand
Events on demand
TV channels and subscriptions
On demand: News, sports, adult, life stile programesilth, lifeTV, etc
Substitutions: Theatre, concerts, opera, cinentgergierformances,
museums, etc
Lotteries and gambling
Gambling on automates
Online gambling
Online betting
Video background information
Video transmission of the gambling event
Books, newspapers, newsletters, journals
Books (voice)
Newspapers, dedicated newspapers
Newsletters
Journals
E-learning
Education
Additional education
Hobbies
Online games
Down loading and updating of gaming software
Online games
« Information retrieval (Browsing/surfing)
Traditional free surfing applications
Surfing on charge (purchase of software, back s, information)

* Information storage
Network based storage
Network based storage of photos and films
Network based storage of other information

e Peerto peer and person to person
Homepage®
E-post with broadband content
Videogram, Greetings cards
Exchange of personal content
Exchange of downloaded content
Exchange of Shareware software (various small argklprograms)
Film clubs
Music clubs
Exchange of general info
Video/WEB telephony
Video conference/ Multimedia conference

* Surveillance at home
Surveillance services for elderly/sick

* Home services
Management home services
Smart home services

« Home office
Different multimedia broadband applications
Data/file exchange
Video/film exchange
Video telephony
Videoconferences

6 Models for forecasting new revenue streams

It is expected that many of the services preseimedection 5 will have a
significant growth in the future. However, the sewill only increase their
telecommunication spending based on the increaséuk \created by the new
services. The households will still be rationathigir telecommunication usage.



6.1 Forecastsfor broadband accesses

A key factor for increased spending is access tth ibe mobile and fixed
broadband network. Especially, the growth in demdod fixed broadband
accesses will have a significant impact on houskspénding on new services.

The CELTIC Eureka project ECOSYS and the IST prtojemic have developed
broadband access forecasts for fixed network [3, 3, 7, 8, 9, 10, 11, 12]. These
forecasts are important for the

Penetration, each broadband technology
35

—e— ADSL
30 | —®— ADSL2+/VDSL
—4— Other BB tech.

' 25 | —<— Cable modem /
<

5 2 /

S 15

[¢}]

T 101

a

2005 2006 2007 2008 2009 2010

2000 2001

2002 2003 2004

Figure 6.1 Penetration forecasts for broadband texhogies in Western Europe

revenue modelling. Households without access ateahte to utilise the new

broadband services. Figure 6.1 shows the broadpanétration forecasts for
West European countries.

In principle the broadband access forecasts shbeldeparated based on what
type of applications is used. Lef() be the broadband access forecasts for the
households. The forecasts reflect total broadbandsses. Some applications like
video on demand, streaming, TV, etc need high dgpacthen ADSL2+/VDSL

and part of the cable modem forecasts and othexdband technology forecasts
constitutes the relevant forecasts.
Figure 6.2 shows the mobile handset/technology tpatien forecast for Western
Europe. The forecasts are based on forecast modsisloped in the projects
Tonic and Ecosys [1, 6, 7, 11, 12].
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Figure 6.2 Handset (technology) penetration foreta$or GSM, GPRS, EDGE
and WDCMA for Western Europe

Persons who have EDGE and UMTS handsets will hagsibpility to access new
applications. For some mobile applications GPRSalao be an alternative. Let
fm(t) be the forecasts.

6.2 Evaluations of the spending potentialsin theresidential mar ket

To utilise the possibilities, the households needhaive access to either a
broadband connection or new mobile networks or.both

Section 4 showed the household spending on thewwly main categories:

- Purchase of films, videos, music
- Leasing of films, videos, music



- TVlicences and pay TV

- Cinema, theatre, concerts

- Gambling

- Books

- Newspapers, newsletters and journals
- Education and E-learning

- Electronic gaming

Let the spending categories be numbered j = 1;2N.-
Let the annual household spending in each catdgar§(t) at time t.

Suppose thahy(t) is the fraction of spending categorytfat time t, which will be
substituted by use of telecommunications per hauldel®ne way to describe the
evolution is to assume these fractions on long-témh the long-term fraction for

spending category j k().

Hence, one possibility is make assumptions of dregdterm fraction and then
make forecasts, which reach that level in the lamg

Questions to be answered are:

- How much of film, video, music market (both puask and leasing) will be
transferred by telecommunications in the long run?

- How much of the book, newspaper, newsletter rjalmarket will be transferred
by telecommunication in the long run?

- How much of the Education market will be subsétuby telecommunications

- etc

Another aspect of substitution effects for the delamunications is also creation
of additional values. It is seen from the signifitancrease in the household
spending on telecommunication in the last few yearsspecially caused by
extended mobile usage.

Another important factor for future revenues instisiector is the evolution and
growth in the household spending in general. We theespending over time
change between categories, but for some of thetgesnthere is also a significant
growth in the total spending. Part of this growthaymbe used on
telecommunications.

6.3 Potential revenue content forecasts for theresidential mar ket

We assume that the additional revenues from théenbrategories are divided in
a broadband part and a mobile part.

Let

- Ag(t) is the fraction of spending categorytfat time t which could be
substituted by broadband, j=1,2---N

- Aum(t) is the fraction of spending categorytBat time t which could be
substituted by new mobile systems, j=1,2---N

The long-term estimates for broadband and mobihtert potential revenue
respectively are:

- Ag(®) §(),j=1,2---N (6.1)
— D () §(),j=1,2---N (6.2)

Since applications are rather new, it is naturalrtodel the evolution with a
diffusion model. Here, logistic models are used.

Let the Logistic model for broadband and mobile nelileg categories be
respectivelyg(t) and fu(t). Then the forecasts are expressed by:

Yig(t) = Ag(e0) §() / (1 +exp @i + B 1)s (6.3)

Yim(®) = Apm(e) S() / (1 + exp Gm + By 1)) (6.4)

where Yg(t) and Yju(t) are demand forecasts at timeig(e) S(e0) andAp(e)
S(«0) are the saturation levels aog, o, Bis, Bm Ve ,Ym are growth parameters.
The next part of the forecasting model includes:

- fz(t) broadband access forecasts (households)
- fu(t) mobile access forecasts (persons)



To be able to use the applications there are nfwdsroadband access and an
advanced mobile handset. The forecasts are fousedition 6.1. As mentioned the
forecasts could be differentiated depending of dpencategory/applications.

Hence, potential revenue content forecasting médél, consisting on a fixed
network part and a mobile part is given by:
R(Y) = [fa(t) Zjes, - Yie®] + () Tiet, oo Y (O] (6.5)

More precise forecasts are found when the accesigbt forecasts are
differentiated based on spending category/apptinat{fs(t), fi(t), j = 1,2 - - - N).
Then, we get the following forecasting model:

R(t) = [ Ziet, -0 (Fo(® Yie®)] + [Ziet, -0 (Fu(®) Yim(t)] (6.6)

6.4 Tariff consider ations

A lot of work has been done on content chargindfeDent alternatives are: “pay
per view”, pay for subscription, pay for usage, bomations etc.

So far only potential revenue forecasts have bemreldped. Suppose that the
charging alternative pay per view is used. If tlay per view for category j is
Pe(t) and Ry(t) for broadband and mobile respectively, thenahaual usage in
year t, Us(t) are Uu(t) are given by:

Us(t) = fig(t) Yie(t)/ Pe(t) (6.7)

Upm(®) = fim(®) Yim(8)/ Pa(t) (6.8)

6.5 Revenue distribution among players

The content revenue will be shared among diffepdangers. The primary source is
of course the content owner (C). There may alscdment brokers (B) who
negotiate with network operators (O) and contemens. In addition there will be
service providers (SP) selling the product in tregkeat.

The revenue sharing differentiates between houdespénding categories and
applications and depends on how much resourcegsack by the players. Let the
percentage proportion between the players, i = %,2n, for each spending
category for respectively broadband and mobile be:

- Qi (t)
- Gjm (1)

then, it is possible to forecast the revenue ferdifferent players.
The revenue for the broadband and mobile playeérespectively is given by:
Ri () = Zi1, - (fia(®) Yie(t) G (1))

Riv () = Zit, - (i (©) Yy (t) Gim (1)

(6.9)

(6.10)

6.6 Content revenue and additional revenue

It is important to separate between services fotterd categories and services,
which is not based on ownership to content.

Services based on information exchange and surfiag in the long run give

significant revenue possibilities. Examples of sumpplications are: Surfing,
purchasing, electronic commerce, auctions, elemtrquost with broadband

content, videograms, greeting cards, exchange k&opal content, exchange of
downloaded content (shareware software, film cluhsyideo/WEB telephony,

video conferences.

7 Summary and conclusions

The paper documents the evolution of householddipgrfor a sample of West
European countries. Specific spending categorig¢isariong run are substitutes to
telecommunications are analysed. The results shatthe number of households
increases significantly over time in Western Euroged the spending per



household increases during the period 1998-2008gadkto account the inflation
in that period. The conclusion is increased purcgagower for households

The analyses show that the telecommunication spgnger household has
increased with about 33% during the period 199822fa0 the selected country
sample. All countries examined had an increase 586 2r more. The results
indicate that introduction of new and enhancedisesvfor both mobile and the
fixed network will continue to rise the telecommeation spending.

Important areas for new telecommunication servaresthe content services. The
analysis show that household are spending much ynondeasing and buying

videos and music, Pay TV and TV licenses, conswmnptin cinema, theatre,

concerts, gambling, books, journals, newslettemwspapers, education and
learning, and electronic gaming. The tables in plaper show the amount of
money, which is used on the different spendinggmates. Parts of this spending
will in long term be substituted to telecommunioas.

In addition the paper shows how new content sesvitey be classified and
indicate how the spending during the last yearsdiwed between mobile and
fixed network services.

New mobile and broadband access forecasts, whietamrimportant part of the
new revenue forecasts, are presented. In addh®paper introduce a framework
for forecasting new revenue streams.
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