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Agenda

�Introduction

�Flash OFDM

�EDGE Phase 2

�HSPA

�HSPA+

�LTE, NGNM
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Key Success Factors for Operators:

� Offer attractive new data services to generate additional revenues

� Improve Cost Position for early ROI.
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Web 2.0

-> All of my connected applications – always with me
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Nokia N93

-> example of a multimedia computer into which the ‘classical’ mobile phone has evolved

Interactive Broadband drives Service Innovation
Shorter Latency and Higher bandwidth requirements for new services
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Interactive Broadband drives Service Innovation

Shorter Latency and Higher bandwidth requirements for new services

Video streaming
YouTube,

SlingMedia

Gaming

Multiplayer

communities

Mobile office:   

e-mail & 
workflow
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Trends in Mobile Data

Several technologies moving to the same target: Mobile Broadband

� Mobile technologies 

become more and more 

broadband
(3G HSPA, TDD-HCR, TDD-LCR)

� Alternative wireless 

broadband technologies 

become more and more 

mobile
(WLAN/WiFi, WiMAX)

� Several technologies will coexist for Mobile Broadband, but operators 

need to reduce number of deployed technologies for cost reasons.

� HSPA and WiMAX have highest potential today

� NGMN (3GPP LTE & SAE) is under work to finally address all needs.

Source: Com MN SM Market Assessment

Mobile Broadband

User Data Rate BroadbandNarrowband

Mbps

High

speed

Pedestrian

Nomadic

Stationary
L
e
v
e
l 
o
f 
m
o
b
il
it
y

2G

GSM
2.5G

GPRS/EDGE
3G

W-CDMA

Flash-OFDM

Bluetooth

BWA

IEEE 802.16a

IEEE

802.16d
WLAN

IEEE 802.11

Cable

DSL
Dial-Up

0,1 1 10

Low

speed

Indoor

NGMNNGMN

WiMAX

IEEE 802.16e

HSDPA/
HSUPA

NGMN designates a system according to 3GPP LTE and SAE project results



Protection notice / Copyright notice

WiMAX Fremtiden er Trådløs
TEKNA Oslo Mars 2007

FLASH OFDM 

High Coverage Solution
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FLASH OFDM Network architecture
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Flash-OFDM @ 450MHz is a cost-efficient solution
for rural application

For network operators wanting to start 
with an cost-efficient and fast solution 

for DSL-like data services 

Flash OFDM

Characteristics: 

� Especially suited to cover large geographical
areas, due to frequency band of 450 MHz

� Optimized for data usage (low latency < 50ms), 
Superior performance vs. cdma-450

� High bandwidth up to 2,6 Mb/s

� High-speed mobility up to 250 km/h

� Complementing GSM networks, where
spectrum does not allow W-CDMA operation
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Spread Spectrum Techniques

Direct Sequence and Fast Hopping

CDMA – direct sequence spread spectrum
• Signal is spread across entire bandwidth

OFDM – fast hopping spread spectrum
• Signal is composed of multiple tones

W-CDMA
• wideband-CDMA (5 MHz carriers)

• all data signals are multiplexed on      

a wide carrier ;

• separation of signal information

via „codes“

OFDM
• “tones” are narrow-band signals

• flash-OFDM: 

113 tones in 1.25 MHz

WiMAX 802.16d:  

> 200 tones in 3.5 MHz     

=> ca. 10 – 20 kHz per „tone“

W-CDMA
• wideband-CDMA (5 MHz carriers)
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OFDM

Orthogonal Frequency Division Multiplex

TT

f=N/Tf=N/T

f=2/Tf=2/T

f=1/Tf=1/T

Data bits Data bits 

OFDM symbol timeOFDM symbol time

symsymTT

cyclic precyclic pre--fixfix

cpcpTT

datadata

“dummy”                 “dummy”                 

(max. delay spread)(max. delay spread)

OFDM symbolOFDM symbol

N N tonestones

TimeTime
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• 3GPP – LTE = 3GPP – Long-Term Evolution (air-interface)

• 3GPP std. ongoing: stage 2 by 03/2007; stage 3 by 09/2007

Scalable-OFDMA: High data rates 
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FLASH OFDM CPE
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EDGE Phase II

GERAN Evolution
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What is GERAN Evolution ?
Standardization Objectives

…Performance
�Better spectrum efficiency/capacity (interference limited): + 50%
�Improved coverage (noise limited, speech & data):               

sensitivity increase in DL + 3 dB
�Increased peak data rates (DL & UL): + 100%
�Increased mean bit rate at cell edges for UL & DL               

(cells planned for speech!): + 50%
�Reduced latency: RTT - 50 %

… Compatibility
�Coexist with legacy frequency planning
�Coexist with legacy mobile stations 
�Avoid impacts on existing BTS, BSC and CN hardware
�Be applicable for Dual Transfer Mode and A/Gb mode interface
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�Allow the end user to get timeslots assigned from two carriers

� Increase of average data rates

� Increase of peak data rates 

GERAN Evolution - Key Features 

Multi - / Dual Carrier DL

f1

MS MS

BSS BSS

Peak Data rates up to 1 Mbit/s

9474742

4742371

Air interface 

peak data rate [kbps] 

8 TS@MCS-9/carrier

Air interface 

peak data rate [kbps]

4 TS@MCS-9/carrier

# of carriers

Example: Dual Carrier

Supported by existing 
Network HW –

can be extended to 
more than 2 carriers

f2

f1



Protection notice / Copyright notice

WiMAX Fremtiden er Trådløs
TEKNA Oslo Mars 2007

HSPA 

UTRAN Evolution
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HSDPA

15 Code
Shared

transmission

16QAM
Modulation

TTI = 2 ms Hybrid ARQ
with incr. redundancy

Fast Link 
Adaptation

Advanced
Scheduling

Benefit

Higher Downlink Peak rates: 14 Mbps 

Higher Capacity: +100-200%

Reduced Latency: ~75 ms

Small upgrade of Radio network
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HSDPA Terminals
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TTI = 2 / 10  ms1-4 Code

Multi-Code
transmission

Fast
Power Control

HSUPA

Hybrid ARQ

with incr. redundancy Scheduling

Benefit
Higher Uplink Peak rates: 2-5.76 Mbps 

Higher Capacity: +50-100%

Reduced Latency: ~50-75 ms

Small upgrade of Radio network
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HSPA Evolution HSPA+

�Higher order modulation

�Shorter Latency

�Higher bitrates 42 Mb/s in DL and 11 Mb/s in UL
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NGMN Initiative by large MNO’s: TMO, VF, CMCC, DoCoMo

Next Generation Mobile Networks

Initiated by CTOs of large MNOs:                   

T-Mobile, Vodafone, Orange, KPN

Subsequentially extended by             

SprintNextel,China Mobile, NTT DoCoMo

Goal of the NGMN initiative is to define 

requirements for the creation of networks 

� suitable for the competitive delivery of 

mobile broadband services, and

� cost-efficient eventual replacement of 

existing networks

Architecture-, feature-, time spec’s initially sent 

to five leading vendors:     

Siemens and Nokia, 

Ericsson, Nortel and Alcatel
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Operator Requirements 

Two Key Success Dimensions

1 Superior User Experience 2 Competitive Network Cost

• Throughput / Cell Capacity
100 MBit/s Downlink (w/o MIMO),           

50 MBit/s Uplink
High performance at cell edges

• User Data Latency
Total system roundtrip < 30ms

• Mobility
Cell Change << 100 ms,

Inter-system change << 500 ms

e.g. VoIP at GSM quality

HSPA    NGMN HSPA    NGMN

Peak Throughput Latency

F
a
c
to
r 2
-3

UMTS        HSPA       NGMN

50%

>50%

Cost/MByte

• No more sites
Re-use of equipment and antennas (MBS)   

• Spectrum Efficiency
2-3 bit/Hz/cell ( 3…4 times HSPA )
Scalable bandwidth (1.25 – 20 MHz ch)

Re-farming support

• Flat Network Architectures
IP interfaces & optimized all-IP Network
Ethernet backhauling

• Smooth Migration from existing networks

F
ac
to
r 
10
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3G Long term evolution (3G+) – Requirements

CNUE

Downlink 
100 Mbps peak data rate

Control-Plane latency 
50…100ms

Uplink 
50 Mbps peak data rate

User-Plane latency 
5 ms

Coverage
5km full performance

30 km slight degradations
100 km not precluded

RAN

Mobility (kmh)
0…15 optimized

15…120 high perf.

120…500 supported

Scalable BW
20;15;10; 5; 2,5; 1,25 MHz
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Key Architectural Concepts (simplified): 3GPP-SAE *

Flat and cost-effective NGMN architecture

UMTS/HSPA

Access Core Control

Node B RNC SGSN GGSN

MSCMGW

IMS HLR/HSS

NGMN

MBS
aGW

IMS HLR/HSS

Move of 

Functionality

• 3GPP - SAE = 3GPP - System Architecture Evolution

• 3GPP – LTE = 3GPP – Long-Term Evolution (air-interface)

MGW
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aGWMBS

UE

Server

PING

Latency: RTT performance evaluation in NGMN system structure

NGMN 2011*

NGMN 2009*

Rel.6 (HSxPA)*

Rel.5 (HSDPA)

UMTS R99 (DCH)

CN (+ server)

RNC

NB / NBplus

Air Interface

UE

~ 100 ms

~ 60 ms

~ 30 ms

~ 20 ms

* Estimated Values ~ DSL

3GPP-SAE *: latency reduction by factor 2-3 vs. HSPA

Latency reduction: node aggregation + simplified interfaces (all-IP)

• 3GPP - SAE = 3GPP - System Architecture Evolution

• 3GPP – LTE = 3GPP – Long-Term Evolution (air-interface)
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Peak Throughput vs Technology

Peak Throughput
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3 GPP Work Plan 
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Takk for oppmerksomheten!
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