
Ericsson Exhibit 1007 
Page 1

oAhd

FCT THRASSMAa eALEITE
Mobile Communications

| Second Edition

Edited by Harri Holma ana Antti Toskala
 



Ericsson Exhibit 1007 
Page 2

 
 AEG LIBRARY Re

WY GF COLORADO AT BOULDER 

Ericsson Exhibit 1007

Page 2



Ericsson Exhibit 1007 
Page 3

 
CDMA

FR UMTS
Radio Access For Third Generation
Mobile Communications

Edited by Harri Holma and Antti Toskaia
Both ofNokia, Finland

JOHN WILEY & SONS, LTD

Ericsson Exhibit 1007

Page 3



Ericsson Exhibit 1007 
Page 4

Copyright © 2002 John Wiley & Sons Ltd, The Atrium, Southern Gate, Chichester,
West Sussex PO19 8SQ, England

Telephone (+44) 1243 779777

Email (for orders and customer service enquiries): cs-books @wiley.co.uk
Visit our Home Page on www.wileyeurope.com or www.wiley.com

Reprinted April 2004

All Rights Reserved. Nopart of this publication may be reproduced, stored in a retrieval system or
transmitted in any form or by any means,electronic, mechanical, photocopying, recording, scanning or
otherwise, except underthe terms of the Copyright, Designs and Patents Act 1988 or under the terms of
a licence issued by the Copyright Licensing Agency Ltd, 90 Tottenham Court Road, London WIT 4LP,
UK, without the permission in writing of the Publisher. Requests to the Publisher should be addressed
to the Permissions Department, John Wiley & Sons Ltd, The Atrium, Southern Gate, Chichester, West
Sussex PO19 8SQ, England, or emailed to permreq @wiley.co.uk, or faxed to (+44) 1243 770571.

This publication is designed to provide accurate and authoritative information in regard to the subject
matter covered. It is sold on the understanding that the Publisheris not engaged in rendering
professional services. If professional advice or other expert assistance is required, the services of a
competent professional should be sought.

Other Wiley Editorial Offices

John Wiley & Sons Inc., 111 River Street, Hoboken, NJ 07030, USA

Jossey-Bass, 989 Market Street, San Francisco, CA 94103-1741, USA

Wiley-VCH Verlag GmbH, Boschsir. 12, D-69469 Weinheim, Germany

John Wiley & Sons Australia Ltd, 33 Park Road, Milton, Queensland 4064, Australia

John Wiley & Sons (Asia) Pte Ltd, 2 Clementi Loop #02-01, Jin Xing Distripark, Singapore 129809

John Wiley & Sons Canada Ltd, 22 Worcester Road, Etobicoke, Ontario, Canada M9W 1L1

British Library Cataloguing in Publication Data

A catalogue record for this book is available from the British Library

ISBN 0-470-84467-1

in 10/12pt Times by Laserwords Private Limited, Chennai, India
and bound in Great Britain by TJ International, Padstow, Cornwall2 

 
 

 

rns kK 1s printed on acid-free paper responsibly manufactured from sustainable forestry
~ =< ch at least two trees are planted for each one used for paper production.

mi

_ Ericsson Exhibit 1007
Page 4



Ericsson Exhibit 1007 
Page 5

 
Contents

 

 

Preface x¥

Acknowledgements xvii

Abbreviations xix

1 Introduction 1

Harri Holma, Aniti Toskala and Ukko Lappalainen
1.1 WCDMAin Third Generation Systems 1
1,2 Air Interfaces and Spectrum Allocations for Third Generat: 2
1.3. Schedule for Third Generation Systems 5
1.4 Differences between WCDMAand Second Generation Air interaces 6

1.5 Core Networks and Services 8
References 10

2 UMTSServices and Applications il

Jouni Salonen, Antti Toskala and Harri Holma
2.1 Introduction il

2.2. UMTS Bearer Service 12

2.3. UMTS QoS Classes 3
2.3.1 Conversational Class j4

2.3.2 Streaming Class 19
2.3.3 Interactive Class 2]
2.3.4 Background Class 2]

24 Service Capabilities with Different Terminal Classes 23
2.5 Location Service in WCDMA 23

2.5.1 Location Services 23

2.5.2 Cell Coverage Based Location Calculation 24
2.5.3 Observed Time Difference ofArrival, OTDOA 25
2.5.4 Assisted GPS 27

2.6 Concluding Remarks 28
References 28

Ericsson Exhibit 1007

Page 5



Ericsson Exhibit 1007 
Page 6

WCDMAfor UMTSeeeELAtorUMTS

2 ineraduction to WCDMA 31

Peter &fasrensat and Harri Holma

Ineroduction 31
  =

Veatga =  Scummary of Main Parameters in WCDMA 31
22 Spreading and Despreading 33
*+ Multipath Radio Channels and Rake Reception 36
2 Power Control 40
3.6 Softer and Soft Handovers 43
References 45

4+ Background and Standardisation of WCDMA 47
Antti Toskala

4.1 Introduction 47
4.2 Background in Europe 47

4.2.1 Wideband CDMA 48
4.2.2 Wideband TDMA 49
4.2.3. Wideband TDMA/CDMA 49
4.2.4 OFDMA 50
4.2.55  ODMA 50
4.2.6 ETSI Selection 50

4.3. Background in Japan 51
4.4 Background in Korea 31
4.5 Background in the United States 52

4.5.1 W-CDMA N/A 52
4.5.2 UWC-136 52
4.5.3 cdma2000 52
4.5.4  TR46.1 33
4.5.5  WP-CDMA 53

4.6 Creation of 3GPP 53
4.7 Creation of 3GPP2 55
4.8 Harmonisation Phase 35
4.9 JMT-2000 Process in ITU 55
4.10 Beyond 3GPP Release-99 37
References Sf

5 Radio Access Network Architecture 59

Fabio Longoni, Atte Lansisalmi and Antti Toskala

5.1 System Architecture 59
3.2 UTRANArchitecture 62

5.2.1 The Radio Network Controller 63
5.2.2 The Node B (Base Station) 64

 
 Ericsson Exhibit 1007

Page 6



Ericsson Exhibit 1007 
Page 7

 
E

E

Contents
STte

5.3. General Protocol Model for UTRANTerrestrial Interfaces
5.3.1 General

5.3.2 Horizontal Layers
5.3.3 Vertical Planes

3.4 Tu, the UTRAN-CNInterface

5.4.1 Protocol Structure for Iu CS
3.4.2 Protocol Structure for Iu PS
3.4.3. RANAP Protocol

5.4.4 Iu User Plane Protocol

5.4.5. Protocol Structure of Iu BC, and the SABP protocol
5.5 UTRAN Internal Interfaces

5.3.1 RNC—RNCInterface (Iur Interface) and the RNSAPSignalling
5.5.2 RNC—Node B Interface and the NBAP Signalling

5.6 UTRAN Enhancements and Evolution

5.6.1 IP Transport in UTRAN
5.6.2 Tu flex
5.6.3 Stand Alone SMLC and Iupc Interface
5.6.4 Interworking between GERAN and UTRAN,andthe Iur-g Interface
5.6.5 AU IP RAN Concept

3.7 UMTS Core Network Architecture and Evolution

5.7.1 Release’99 Core network elements

5.7.2 Release 5 Core Network and IP Multimedia Subsystem
References

6 Physical Layer

Antti Toskala

6.1

6.2

6.3

6.4

Introduction

Transport Channels and their Mapping to the Physical Channels
6.2.1 Dedicated Transport Channel
6.2.2. Common Transport Channels
6.2.3 Mapping of Transport Channels onto the Physical Channels
6.2.4 Frame Structure of Transport Channels
Spreading and Modulation
6.3.4 Scrambling
6.3.2 Channelisation Codes

6.3.3 Uplink Spreading and Modulation
6.3.4 Downlink Spreading and Modulation
6.3.5 Transmitter Characteristics

User Data Transmission

6.4.1 Uplink Dedicated Channel
6.4.2 Uplink Multiplexing
6.4.3 User Data Transmission with the Random Access Channz!

6.4.4 Uplink Common Packet Channel
6.4.5 Downlink Dedicated Channel

 
rE

i.

Cn¢

66

68

69

70

71

72

72

£5

77

fh

78

78

78

79

79

79

81

82

Ericsson Exhibit 1007

Page 7



Ericsson Exhibit 1007 
Page 8

 

vili WCDMAfor UMTS
EItorUMTS

6.4.6 Downlink Multiplexing 109
6.4.7 Downlink Shared Channel 110 |
6.4.8 Forward Access Channel for User Data Transmission LL |
6.4.9 Channel Coding for User Data 112
6.4.10 Coding for TFCI Information 1i3

6.5—Signalling 114
6.5.1|Common Pilot Channel (CPICH) 114
6.5.2. Synchronisation Channel (SCH) ii4

|
i

6.5.3 Primary Common Control Physical Channel (Primary CCPCH) ils
6.5.4 Secondary Common Control Physical Channel (Secondary |i

 
CCPCH) 116

6.5.5 Random Access Channel (RACH} for Signalling Transmission L117
6.5.6 Acquisition Indicator Channel (AICH1) L118
6.5.7 Paging Indicator Channel (PICH) 118
6.5.8 Physical Channels for CPCH Access Procedure Li9

6.6 Physical Layer Procedures 119
6.6.1 Fast Closed Loop Power Control Procedure 120
6.6.2 Open Loop Power Control 120
6.6.3 Paging Procedure 12]
6.6.4 RACH Procedure 12]
6.6.5|CPCH Operation 123
6.6.6 Cell Search Procedure 124 ;
6.6.7 Transmit Diversity Procedure 125 i
6.6.8 Handover Measurements Procedure 125 4
6.6.9 Compressed Mode Measurement Procedure 127 ;
6.6.10 Other Measurements 129 :
6.6.11 Operation with Adaptive Antennas 130 ‘
6.6.12 Site Selection Diversity Transmission 130

6.7 Terminal Radio Access Capabilities 132
References 134

7 Radio Interface Protocols 135
Jukka Vialén

7.1 Introduction Ia
7.2 Protocol Architecture 135
7.3. The Medium Access Control Protocol 137

7.3.1 MAC LayerArchitecture £37
7.3.2|MAC Functions 138
7.3.3 Logical Channels 139
7.34 Mapping Between Logical Channels and T;ransport Channels 140
7.3.5 Example Data Flow Through the MAC Layer 140

7.4 The Radio Link Control Protocol 142
74.1 RLC Layer Architecture 142
74.2 RLC Functions 143

 

 
 _ Ericsson Exhibit 1007

Page 8



Ericsson Exhibit 1007 
Page 9

Contents

eeekx

 
7.4.3 Example Data Flow Through the RLC Laver 144

7.5 The Packet Data Convergence Protocol 146
7.5.1 PDCP Layer Architecture 146
7.5.2 PDCP Functions 147

7.6 The Broadcast/Multicast Control Protocol 147
7.6.1 BMC Layer Architecture 147
7.6.2 BMC Functions 148

7.7 The Radio Resource Control Protocol 148
7.7.1 RRC Layer Logical Architecture 148
7.7.2 RRC Service States 149
7.7.3 RRC Functions and Signalling Procedures 15]

References 166

8 Radio Network Planning 167
Harri Holma, Zhi-Chun Honkasalo, Seppo Hamiiliiinen, Jaanz Liss Ken Sipiid
and Achim Wacker

8.1 Introduction 167
8.2 Dimensioning 168

8.2.1 Radio Link Budgets 169
8.2.2 Load Factors i7]
8.2.3 Example Load Factor Calculation 179
8.2.4 Capacity Upgrade Paths 184
8.2.5 Capacity per km? 185
8.2.6 Soft Capacity 186
8.2.7 Network Sharing 189

8.3 Capacity and Coverage Planning and Optimisation 190
8.3.1 Iterative Capacity and Coverage Prediction 190
8.3.2 Planning Tool 190
8.3.3 Case Study 193
8.3.4 Network Optimisation 196

8.4 GSM Co-planning 199
8.5 Inter-operator Interference 201

6.5.1 Introduction 20]
8.5.2 Uplink vs. Downlink Effects 203
8.5.3 Local Downlink Interference 204
8.5.4 Average Downlink Interference 205
8.5.5 Path Loss Measurements 205
8.5.6 Solutions to Avoid Adjacent Channel Interference 207

8.6 WCDMAI900 208
8.6.1—Introduction 208
8.6.2 Differences Between WCDMA1900 and WCDAf42 i0G 208
8.6.3 WCDMA1900in Isolated 5-MHz Block 209
References 210

Ericsson Exhibit 1007

Page 9



Ericsson Exhibit 1007 
Page 10

x WCDMAfor UMTSeeeTorUMTS

9 Radio Resource Management

Harri Hoima, Klaus Pedersen, Janne Laakso and Oscar Salonaho
9.1 Interference-Based Radio Resource Management
9.2 Power Control

9.2.1 Fast Power Control

9.2.2 Outer Loop Power Control
9.3 Handovers

9.3.1 Intra-frequency Handovers
9.3.2 Inter-system Handovers Between WCDMA and GSM
9.3.3 Inter-frequency Handovers within WCDMA
9.3.4 Summary of Handovers

9.4 Measurementof Air Interface Load
9.4.1 Uplink Load
94.2 Downlink Load

9.5 Admission Control

9.5.1 Admission Control Principle
9.5.2 Wideband Power-Based Admission Control Strategy
9.5.3 Throughput-Based Admission Control Strategy

9.6 Load Control (Congestion Control)
References

10 Packet Scheduling

Jeroen Wigard, Harri Holma and Mika Raitola
10.1

10.2

10.3

10.4

10.5

10.6

 

Packet Data Protocols over WCDMA

Overview of WCDMAPacket Scheduling
Transport Channels for Packet Data
10.3.1 Common Channels
10.3.2 Dedicated Channels
10.3.3 Shared Channels

10.3.4 Common Packet Channel
10.3.5 Selection of Channel Type
Packet Scheduling Algorithms
10.4.1 Priorities

10.4.2 Scheduling Algorithms
Interaction between Packet Scheduler and Other RRM Algorithms
10.5.1 Packet Scheduler and Handover Control
10.5.2 Packet Scheduler and Load Control (Congestion Control)
10.5.3 Packet Scheduler and Admission Control
Packet Data Capacity
10.6.1 Link-Level Performance
10.6.2 System Level Performance
References

213

213

214

214

22d

226

226

235

238

239

240
24]

243

244

244

244

247

247

248

249

249

268

268

268

269

270

278

 Ericsson Exhibit 1007
Page 10



Ericsson Exhibit 1007 
Page 11

 
Contents

11 High-speed Downlink Packet Access

Antti Toskala, Harri Holma, Troels Kolding, Frank Frederiksen and Preben
Mogensen
List

11.2

11.3
11.4

11.5

11.6
LLG

11.8

11.9

11.10

Release’99 WCDMA Downlink Packet Data Capabilities
HSDPA Concept
HSDPA Impact on Radio Access Network Architecture
Release 4 HSDPAFeasibility Study Phase
HSDPA Physical Layer Structure
11.5.1 High-speed Downlink-shared Channel (HS-DSCH)
11.5.2 High-speed Shared Control Channel (HS-SCCH)
11.5.3 Uplink High-speed Dedicated Physical Control Channel

(HS-DPCCH)

11.5.4 HSDPA Physical Layer Operation Procedure
HSDPA Terminal Capability
HSDPA Performance

11.7.1 Factors Governing Performance
11.7.2 Theoretical Data Rates

11.7.3 Spectral Efficiency, Code Efficiency and Dynamic Range
11.74 Cell Throughput and Coverage
11.7.5 Delay and QoS
Terminal Receiver Aspects
Evolution Beyond Release 5
11.9.1 Multiple Receiver and Transmit Antenna Techniques
11.9.2 Fast Cell Selection

Conclusion

References

12 Physical Layer Performance

Harri Helma, Markku Juntti and Juha Ylitalo
12.1

12.2

12.3

12.4

Introduction

Coverage
12.2.1 Uplink Coverage
12.2.2 Random Access Channel Coverage
12.2.3 Downlink Coverage
12.2.4 Coverage Improvements
Capacity
12.3.1 Downlink Orthogonal Codes
12.3.2 Downlink Transmit Diversity
12.3.3 Voice Capacity
12.3.4 Capacity Improvements
High Bit Rates
12.4.1 Inter-path Interference
12.4.2 Multipath Diversity Gain
12.4.3 Feasibility ofHigh Bit Rates

xi—.se—_——aeeeeeeSeSSSSSSSSSSSSSSSSSSa

279

279

304

305

305

319

S19

324

326

328

329

329

J32

337

Ericsson Exhibit 1007

Page 11



Ericsson Exhibit 1007 
Page 12

xii WCDMAfor UMTS
EMATorUMTS

Eo
*GPP Performance Requirements
£2.51 Eb/NO Performance
£2.5.2 RF Noise Figure
Performance Enhancements
f2.6.1 Antenna Solutions
12.6.2 Multi-user Detection
References

13 UTRA TDD Mode

Otto Lehtinen, Antti Toskala, Harri Holma and Heli Vaéitéjd
13.1

13.2

13.3

13.4

13.5

Introduction

[3.1.1 Time Division Duplex (TDD)
UTRA TDDPhysical Layer
13.2.1 Transport and Physical Channels
13.2.2. Modulation and Spreading
13.2.3 Physical Channel Structures, Slot and Frame Format
13.2.4 UTRA TDD Physical Layer Procedures
UTRA TDD Interference Evaluation
13.3.1 TDD-TDD Interference
13.3.2 TDD and FDD Co-existence
13.3.3 Unlicensed TDD Operation
13.3.4 Conclusions on UTRA TDD Interference
Low Chip Rate TDD
Concluding Remarks on UTRA TDD
References

14 cdma2000

Antti Toskala
14.1

14.2

14.3

14.4

Introduction

Logical Channels
14.2.1 Physical Channels
Multi-Carrier Mode Spreading and Modulation
14.3.1 Uplink Spreading and Modulation
14.3.2 Downlink Spreading and Modulation
User Data Transmission
14.4.1 Uplink Data Transmission
14.4.2. Downlink Data Transmission
14.4.3 Channel Coding for User Data
Signalling
14.5.1 Pilot Channel
14.5.2. Synch Channel
14.5.3 Broadcast Channel
/4.5.4 Quick Paging Channel

334

334

336
S37

337

343

346

351

351

351

393

354

354
525)

359

364

364

366

368

368

369

370

STE

373

373

375

375
376

376

376

377

378

379

380

381

38]

381

38]

382

 
 
 Ericsson Exhibit 1007

| Page 12



Ericsson Exhibit 1007 
Page 13

 
Contents wii

14.5.5 Common Power Control Channel 382
14.5.6 Common and Dedicated Control Channels 382
14.5.7 Random Access Channel (RACH) for Signalling Transmission 382

14.6 Physical Layer Procedures 383
14.6.1 Power Control Procedure 383
14.6.2 Cell Search Procedure 383
14.6.3 Random Access Procedure 384
14.6.4 Handover Measurements Procedure 384
References 385

Index 387

Ericsson Exhibit 1007

Page 13



Ericsson Exhibit 1007 
Page 14

ieee.

 

Preface

Second generation telecommunication systems, such as GSM, enabled voice traffic to go
wireless: the number of mobile phones exceeds the number of landline phones and the
mobile phonepenetration exceeds 70% in countries with the most advanced wireless mar-
kets. The data handling capabilities of second generation systems are limited, however.
and third generation systems are needed to provide the high bit rate services that enable
high quality images and video to be transmitted and received. and to provide access
to the web with high data rates. These third generation mobile communication systems
are referred to in this book as UMTS (Universal Mobile Telecommunication System),
WCDMA (Wideband Code Division Multiple Access} is the main third generation air
interface in the world and will be deployed in Furope and Asia. including Japan and
Korea, in the same frequency band. around 2? GHz. WCDMA will be deployed also in
USA in the US frequency bands. The large market for WCDMAandits flexible mul-
timedia capabilities will create new business opportunities for manufacturers, operators,
and the providers of content and applications. This book gives a detailed description of
the WCDMAairinterface andits utilisation. The contents are summarised in Figure 1.

Chapter 1 introduces the third generation air interfaces, the spectrum allocation, the
time schedule, and the main differences from second generation air interfaces. Chap-
ter 2 presents example UMTSapplications, concept phones and the quality of service
classes. Chapter 3 introduces the principles of the WCDMA air interface, including
spreading, Rake receiver, power control and handovers. Chapter 4 presents the background
to WCDMA,the global harmonisation process and the standardisation. Chapters 5—7 give
a detailed presentation of the WCDMA standard, while Chapters 8-11 cover the utili-
sation of the standard and its performance. Chapter 5 describes the architecture of the
radio access network, interfaces within the radio access network between base stations
and radio network controllers (RNC), andthe interface between the radio access network
and the core network. Chapter 6 covers the physical layer (layer 1), including spreading,
modulation, user data and signalling transmission, and the main physical layer procedures
of power control, paging, transmission diversity and handover measurements. Chapter 7
introduces the radio interface protocols, consisting of the data link layer (layer 2) and
the network layer (layer 3). Chapter 8 presents the guidelines for radio network dimen-
sioning, gives an example of detailed capacity and coverage planning. and covers GSM
co-planning. Chapter 9 covers the radio resource management algorithms that guarantee
the efficient utilisation of the air interface resources and the quality of service. These
algorithms are power control, handovers, admission and load control. Chapter 10 depicts
packet access and presents the performanceof packet protocols of WCDMA. Chapter 11
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Figure 1. Contents of this book

presents the significant Release 5 feature, High Speed Downlink Packet Access, HSDPA,
and its performance. Chapter 12 analyses the coverage and capacity of the WCDMAair
interface with bit rates up to 2 Mbps. Chapter 13 introduces the time division duplex
(TDD) mode of the WCDMAair interface and its differences from the frequency divi-
sion duplex (FDD) mode. In addition to WCDMA,third generation services can also be
provided with EDGE or with multicarrier COMA. EDGE is the evolution of GSM for
high data rates within the GSM carrier spacing. Multicarrier CDMAis the evolution of
IS-95 for high data rates using three IS-95 carriers, and is introduced in Chapter 14.

The 2" edition of the book covers the key features of 3GPP Release 5 specifications,
including High Speed Downlink Packet Access, HSDPA and IP Multimedia Subsys-
tem (IMS), Also many of the existing features in Release’99 or Release 4 have been
more widely covered than previously including TCP protocol over WCDMA packet
channels, base station and mobile performance requirements and WCDMA for Amer-
icas—WCDMAI1900.

This book is aimed at operators, network and terminal manufacturers, service providers,
i university students and frequency regulators. A deep understanding of the WCDMAair

interface, its capabilities and its optimal usage is the key to success in the UMTSbusiness.
This book represents the views and opinions of the authors, and does not necessarily

| represent the views of their employers.
[
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6

Physical Layer
Antti Toskala

6.1 Introduction

Tn this chapter the WCDMA (UTRA FDD) physical laver is described. The physical layer
of the radio interface has been typically the : 30 whendierent cellular
systems have been compared against each o structures naturally

relate directly to the achievable performance issues sinhzleei betweena terminal station and a base station. For th

the other layers, such as handover patel:

 

 
 

 
  
 

e of eee Naturallyit
- SER) requirements for sufficient link

s in the physical layer, since the
is. The performance of the WCDMA

   

 
 
  

 
   

 

performance with various cotins and div
physical layer defines the fundamenta!
physical layer is described in detail in

The physical layer has a major imp
required baseband processing power int

well as the diversity benefits on the peper

quipment complexity with respect to the
inal station and base station equipment. As
ce side, the wideband nature of WCDMA

also offers new challenges inits: tion. As third generation systems are wide-
band from the service point of view as well. the physical layer cannot be designed around
only a single service, such as speech: more flexibility is needed for future service intro-
duction. The new requirementsof the third generation systems andfortheair interface are
summarised in Section 1.4. This chapter presents the WCDMAphysicallayer solutions
to meet those requirements.

This chapter uses the term ‘terminal’ for the user equipment. In 3GPP terminology
the terms User Equipment (UE) and Mobile Equipment (ME)are often used,the differ-
ence being that UE also covers the Subscriber Identification Module (SIM) as shown in
Chapter 5, in which the UTRA network architecture is presented. The term ‘base station’
is also used throughout this chapter, though in part of the 3GPP specifications the term
Node B is used to represent the parts of the base station that contain the relevant parts
from the physical layer perspective. The UTRA FDD physical layer specifications are
contained in references [1—5].

 

WCDMA for UMTS, edited by Harri Holma and Antti Toskala
© 2002 John Wiley & Sons, Ltd
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86 WCDMAfor UMTS
This chapter has been divided as follows, First, the transport channels are described

together with their Mapping to different physical channels in Section 6.2. Spreading andmodulation for uplink and downlink are presented in Section 6.3, and the physical chan-
nels for user data and control data are described in Sections 6.4 and 6.5. In Section 6.6the key physical layer procedures, such as Power control and handover measurements,
are covered. The biggest change in Release 5 impacting the Physical layer is the addi-tion of the high speed downlink packet access (HSDPA)feature. As there are significantdifferences in HSDPA when compared to Release’99 based operation (which is naturallyretained as well), the HSDPA details are covered in a separate section to maintain clear
separation between the first phase WCDMAstandard and the first evolution step of the

6.2 Transport Channels and their Mappingto the Physical Channels
In UTRA the data generated at higher layersis carried over the air with transport channels,which are mapped in the physical layer to different physical channels. The physical layeris required to Support variable bit rate transport channels to offer bandwidth-on-demand
services, and to be able to multiplex several services to one connection. This section
presents the mapping of the transport channels to the physical channels, and how those
two requirements are taken into account in the mapping.

Eachtransport channelis accompanied by the Transport Format Indicator (TFT) at each

for the current frame: the exception to this is the use of Blind Transport Format Detection

of blocks and at any moment notall the transport channels are necessarily active.
One physical control channel and one or more physical data channels form a singleCoded Composite Transport Channel (CCTrCh). There can be more than one CCTrCh

on a given connection but only one physical layer control channel is transmitted in sucha case.

The interface between higher layers and the physical layer is less relevant for terminal
implementation, since basically everything takes place within the Same equipment, thus the
interfacing here is rather a tool for specification work, For the networkside the division of
functions between physical and higher layers is more important, since there the interface
between physical and higherlayers is represented bythe Jub-interface between the base
station and Radio Network Controller (RNC) as described in Chapter 5. In the 3GPP
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Transport ch 1. Transport ch 2.
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TRANSMITTER RECEIVER

Figure 6.1. The interface between higher layers and the physical layer

code on a certain frequency.is reserved for a single user only. The transport channels are
compared in Section 10.3 for the transmission of packet data.

6.2.1 Dedicated Transport Channel

The only dedicated transport channelis the dedicated channel. for which the term DCH is
used in the 25-series of the UTRA specification. The dedicated transport channel carries
all the information intended for the given user coming from layers above the physical
layer, including data for the actual service as well as higher layer control information.
The content of the information carried on the DCH is not visible to the physical layer,
thus higher layer control information and user data are treated in the same way. Naturally
the physical layer parameters set by UTRAN mayvary between control and data.

The familiar GSM channels, the traffic channel (TRCH)orassociated control channel
(ACCH), do not exist in UTRA physical layer. The dedicated transport channel carries
both the service data, such as speech frames, and higher layer control information, such
as handover commands or measurement reports from the terminal. In WCDMAa separate
transport channel is not needed because of the support of variable bit rate and service
multiplexing.

The dedicated transport channel is characterised by features such as fast powercontrol,
fast data rate change on a frame-by-frame basis, and the possibility of transmission to
a certain part of the cell or sector with varying antenna weights with adaptive antenna
systems. The dedicated channel supports soft handover.

6.2.2 Common Transport Channels

There are currently six different common transport channel types defined for UTRA,
which are introduced in the following sections. There are a few differences from second
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generation systems, for example transmission of packet data on the common channels,
and a downlink shared channel for transmitting packet data. Common channels do not
have soft handover but some of them can have fast powercontrol.

 
 WCDMAfor UMTS   

6.2.2.1 Broadcast Channel

The Broadcast Channel (BCH)is a transport channelthat is used to transmit information
specific to the UTRA network orfor a given cell. The most typical data needed in every

6.2.2.2 Forward Access Channel

The Forward Access Channel (FACH)is a downlink transport channelthat carries control
information to terminals knownto locate in the given cell. This is so, for example, after
a random access message has been received by the base station. It is also possible to
transmit packet data on the FACH. There can be more than one FACHin a cell. One
of the forward access channels must have such a low bit rate that it can be received
by all the terminals in the cel] area, When there is more than one FACH,the additional
channels can have a higher data rate as well. The FACH does not use fast power control,
and the messages transmitted need to include inbandidentification information to ensure
their correct receipt.

6.2.2.3 Paging Channel

The Paging Channel (PCH) is a downlink transport channel that carries data relevant to
the paging procedure,that is, when the network wants to initiate communication with the
terminal. The simplest example is a speech call to the terminal: the network transmits
the paging messageto the terminal on the paging channel ofthose cells belonging to the
location area that the terminal is expected to be in. The identical paging message can be
transmitted in a single cell or in up to a few hundreds ofceils, depending on the system
configuration. The terminals must be able to receive the paging information in the whole
cell area. The design ofthe paging channel affects also the terminal's power consumption
in the standby mode. The less often the terminal has to tune the receiver in to listen for a
possible paging message. the longer will the terminal's battery last in the standby mode.
6.2.2.4 Random Access Channel

The Random Access Channel (RACH)is an uplink transport channel intended to be used
to carry control information from the terminal. such as requests to set up a connection.It
can also be used to send small amounts of packet data from the terminal to the network.
For proper system operation the random access channel must be heard from the whole

ameas:
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6.2.2.5 Uplink Common Packet Channel

The uplink common packet channel (CPCH) is an extension to the RACH channelthatis
intended to carry packet-based user data in the uplink direction. Thepair providing the data
in the downlink direction is the FACH. In the physical laver. the main differences from
the RACH are the use of fast power control. a physical layer-based collision detection
mechanism and a CPCHstatus monitoring procedure. The uplink CPCH transmission
may last several frames in contrast with one or two frames for the RACH message.

6.2.2.6 Downlink Shared Channel

The downlink shared channel (DSCH)is a wr.
user data and/or control information: it can b

it is similar to the forward access channel. but

powercontrol as well as variable bit rate on a frame-by-frame basis. The DSCH does not
need to be heard in the whole cell area and can employthe different modes of transmit
antenna diversity methods that are used with the associated downlink DCH. The downlink
shared channel is always associated with 2 downlink DCH.

m channel intended to carry dedicated

ared by several users. In many respects
shared channel supports the use of fast
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6.2.2.7 Required Transport Channels

The common transport channels needed for the ioe network operation are RACH, FACHand PCH, while the use of DSCH and CPCH 5 eptiegshand can be decided by the
network.

6.2.3 Mapping of Transport Channels ante the Physical Channels 

 
 
 

The different transport channels aré mapped to
of the transport channels are carried b
The transport channel to physical channel m is illustrated in Figure 6.2.

In addition to the transport channels introduced earlier, there exist physical channels
to carry only information relevant to physical layer procedures. The Synchronisation
Channel (SCH), the Common Pilot Channel (CPICH) and the Acquisition Indication
Channel (AICH) are not directly visible to higher layers and are mandatory from the
system function point of view, to be transmitted from every basestation. The CPCH Status
Indication Channel (CSICH) and the Collision Detection/Channel Assignment Indication
Channel (CD/CA-ICH) are needed if CPCHis used.

The dedicated channel (DCH) is mapped onto two physical channels. The Dedicated
Physical Data Channel (DPDCH) carries higher layer information, including user data,
while the Dedicated Physical Control Channel (DPCCH)carries the necessary physical
layer control information. These two dedicated physical channels are needed to support
efficiently the variable bit rate in the physical layer. The bit rate of DPCCH is constant,
while the bit rate of DPDCH can change from frame to frame.

iterent physical channels, though some
21 (or even the same) physical channel.

 

6.2.4 Frame Structure of Transport Channels

The UTRA channels use the 10 ms radio frame structure. The longer period used is
the system frame period. The System Frame Number (SFN) is a 12-bit number used by
several procedures that span more than a single frame. Physical layer procedures, such as
the paging procedure or random access procedure, are examples of procedures that need
a longer period than 10 ms for correct definition.
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Transport Channels Physical Channels

BCH—_oo Primary Common Conirol Physical Channel (PCCPCH)
FACH a Secondary Common Contro! Physical Channel (SCCPCH)
PCH

RACH ——-—_________ Physical Random Access Channel (PRACH)

DCH aneDedicated Physical Data Channel (DPDCH)
Dedicated Physical Control Channel (DPCCH)

DSCH|———___________ Physical Downlink Shared Channel (PDSCH)
CPCH=———__________ Physical Common Packet Channel (PCPCH)

 
;-
x

.
2

 
Synchronisation Channel (SCH)

Common Pilot Channel (CPICH)

Acquisition Indication Channel (AICH)

Pagingindication Channel (PICH)

CPCHStatus Indication Channel (CSICH)
Collision Detection/Channel Assignment Indicator Channel
(CD/CA-ICH)

Figure 6.2. Transport-channel to physical-channel mapping

6.3 Spreading and Modulation
6.3.1 Scrambling

The concept of spreading the information ina CDMA system is introduced in Chapter 3.
In addition to spreading, part of the process in the transmitteris the scrambling operation.
This is needed to separate terminals or base stations from eachother. Scrambling is used

f spreading. so it does not change the signal bandwidth but only makes the
H cilerent sources separable from each other. With the scrambling, it would

the actual spreading were done with identical code for several transmitters.
ion of the chip rate in the channel to spreading and scrambling
te is already achieved in the spreading by the channelisation

 

 
 
 

 

 

 

in UTRA. As the «

codes, the symbol rate is not affected by the scrambling. The concept of channelisation
codes is covered in following section.

 Scrambling code

ne
Bit rate Chip rate Chip rate

|

Vigure 6.3. Relation between spreading and scrambling
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13

UTRA TDD Mode

Otto Lehtinen, Antti Toskala. Harri Holma and Heli Vaataja

13.1 Introduction

The UTRA TDDis intended to aperate in the unpaired spectrum, as shown in Figure 1.2
in Chapter 1, illustrating the spectrum allocationsin various regions. As can be seen from
Figure 1.2, there is no TDD spectrum available in all regions. The background of UTRA
TDD wasdescribed in C} r 4. Since the technology selection in ETSI in January 1998,
the major parameters have been harmonised between UTRA FDD and TDD, including
chip rate and modul: (ae presentation in this chapter follows the technical specifi-
cations for the TDD mode in the 3™ Generation Partnership Project (3GPP), specifically
documents TS 25.221-TS 25.224 and TS 25.102 [1-5]. The 3.84 Mcps UTRA TDD
mode was covered by the Release’99 already and later in Release 4 low chip rate TDD
with 1.28 Meps was included. Theprinciples with High Speed Downlink Packet Access
(HSDPA)are valid with Release 5 TDD also, including similar ARQ operation, use of
16 QAM modulation and fast Node B based scheduling as described in Chapter 11.

This chapter first introduces TDD as a duplex method on a general level. The physical
layer and related procedures of the UTRA TDD modeareintroduced in Section 12.2.
UTRA TDDinterference issues are evaluated in Section 12.3. The Release 4 addition,
1.28 Mcps TDD,is covered in Section 12.4.

 

 
 
 
 

 

13.1.1 Time Division Duplex (TDD)

Three different duplex transmission methods are used in telecommunications: frequency
division duplex (FDD). time division duplex (TDD) and spacedivision duplex (SDD). The
FDD method is the most common duplex method in the cellular systems. It is used, for
example, in GSM. The FDD method requires separate frequency bands for both uplink and
downlink. The TDD method uses the same frequency bandbutalternates the transmission
direction in time. TDD is used, for example, for the digital enhanced cordless telephone
(DECT). The SDD method is used in fixed-point transmission where directive antennas
can be used, It is not used in cellular terminals.

WCDMA for UMTS, edited by Harri Holma and Antti Toskala
© 2002 John Wiley & Sons, Ltd
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Figure 13.1 illustrates the operating principles of the FDD and TDD methods. The
term downlink or forward link refers to transmission from the base station (fixed network
side) to the mobile terminal (user equipment), and the term uplink or reverse link refers
to transmission from the mobile terminal to the base station.

There are some characteristics peculiar to the TDD system listed below.

e Utilisation of unpaired band

The TDD system can be implemented on an unpaired band while the FDD system
always requires a pair of bands.In the future it is more likely that unpaired spectrum
resources are cleared for UMTS as nopair is required for TDD operation.

e Discontinuous transmission

Switching between transmission directions requires time, and the switching transients
must be controlled. To avoid corrupted transmission, the uplink and downlink trans-
missions require a common means of agreeing on transmission direction and allowed
time to transmit. Corruption of transmission is avoided by allocating a guard period
which allows uncorrupted propagation to counter the propagation delay. Discontinu-
ous transmission may also cause audible interference to audio equipment that does
not comply with electromagnetic susceptibility requirements.

e Interference between uplink and downlink
Since uplink and downlink share the same frequency band, the signals in those two
transmission directions can interfere with each other. In FDD this interference is
completely avoided by the duplex separation of 190 MHz. In UTRA TDDindividual
base stations are synchronised to each other at framelevel to avoid this interference.
This interference is further analysed in Section 13.3.

e Asymmetric uplink/downlink capacity allocation
In TDD operation, uplink and downlink are divided in the time domain.It is possible
to change the duplex switching point and move capacity from uplink to downlink, or
vice versa, depending on the capacity requirement between uplink and downlink.

e Reciprocal channel

The fast fading depends on the frequency, and therefore, in FDD systems, the fast
fading is uncorrelated between uplink and downlink. As the same frequency is used

FDD TDD

 
Bandwidth 5 MHz Bandwidth 5 MHz Bandwidth 5 MHz

 
Duplex separation

190 MHz

Figure 13.1. Principles of FDD and TDD operation
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for both uplink and downlink in TDD,the fast fading is the same in uplink and
in downlink. Based on the received signal, the TDD transceiver can estimate the fast
fading, which will affect its transmission. Knowledge ofthe fast fading can beutilised
in power control and in adaptive antenna techniques in TDD.

13.2, UTRA TDD Physical Layer

The UTRA TDD mode uses a combined time division and code division multiple access
(TD/CDMA)scheme that adds a CDMA component to a TDMA system. The different
user signals are separated in both time and code domain. Table 13.1 presents a summary
of the UTRA physical layer parameters. All the major RF parameters are harmonised
within UTRA for FDD and 3.84 Mcps TDD mode, with 1.28 Meps TDDtheresulting
RF parameters are obviouslydifferent due different bandwidth.

Table 13.1. Comparison of UTRA FDD and 3.84 Meps TDD physical layer key parameters
 UTRA TDD UTRA FDD

Multiple access method TDMA. CDMA (inherent CDMA (inherent FDMA)
FDMA)

Duplex method TDD FDD
Channel spacing 5 MHz(nominal)
Carrier chip rate 3.84 Mcps
Timeslot structure 15 slots/frame
Framelength 10 ms
Multirate concept Multicode, multislot and Multicode and OVSF

orthogonal variable spreading
factor (OVSF)

Forward error correction Convolutional coding R = : or 1/3, constraint length K = 9, turbo
(FEC) codes coding (8-state PCCC R = 1/3) or service-specific coding
Interleaving Inter-frame interleaving (10, 20, 40 and 80 ms)
Modulation QPSK
Burst types Three types: traffic bursts, Not applicable

random access and

synchronisation burst

Detection Coherent, based on midamble Coherent, based on pilot symbols
Dedicated channel power Uplink: open loop; 100 Hz or Fast closed loop:
control 200 Hz rate = 1500 Hz

Downlink: closed loop; rate <
800 Hz

Intra-frequency handover Hard handover Soft handover
Inter-frequency handover Hard handover

Channel allocation Slow and fast DCA supported No DCA required
Intra-cell interference Support for joint detection Support for advanced receivers at
cancellation base station
Spreading factors Legs l6 4...512
eee
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13.2.1 Transport and Physical Channels

UTRA TDD mode transport channels can be divided into dedicated and common chan-
nels. Dedicated channels (DCH) are characterised in basically the same way as in the
FDD mode. Common channels can be further divided into common control channels
(CCCH), the random access channel (RACH), the downlink shared channel (DSCH)in
the downlink, and the uplink shared channel (USCH)in the uplink. Each of these transport
channels is then mapped to the corresponding physical channel.

The physical channels of UTRA TDDare the dedicated physical channel (DPCH), com-
mon control physical channel (CCPCH), physical random access channel (PRACH), pag-
ing indicator channel (PICH) and synchronisation channel (SCH). For the SCH and PICH
there do notexist corresponding transport channels. The mapping ofthe different transport
channels to the physical channels and all the way to the bursts is shown in Figure 13.2.
The physical channelstructure is discussed in the following section in more detail.

13.2.2. Modulation and Spreading

The data modulation scheme in UTRA TDD is QPSK. The modulated data symbols are
spread with a specific channelisation code of length 1-16. The modulated and spread
data is finally scrambled by a pseudorandom sequence of length 16. The same type of

Higherlayers

Dedicated channel (DCH)

Uplink shared channel
rogdcasi channelk (USCH)(BCH)

Dedicated
physical channel

(DPCH)
Common controt physical channel

(CCPCH)
Physical USCH
Physical DSCH

access channel
(PRACH)Physical

channels
 

Random access
burstTraffic burstI/I

Figure 13.2, Mapping of the UTRA TDDtransport channels to physical channels
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orthogonal channelisation codes is used in the UTRA FDDsystem (see Section 6.3). Data
spreading is followed by scrambling with a cell- or source-specific scrambling sequence;
the scrambling process is chip-by-chip multiplication. The combination of multiplying
with channelisation code andthe cell-specific scrambling code is a user- or cell-specific
spreading procedure. Finally, pulse shapefiltering is applied to each chip at the transmitter:
each chip is filtered with a root raised cosinefilter with roll-off factor « = 0.22. identical
to UTRA FDD.

13.2.3 Physical Channel Structures, Slot and Frame Format

The physical frame structure is similar to that of the UTRA FDD mode. The frame length
is 10 ms andit is divided into 15 timeslots each of 2560 chips, 1.e., the timeslot duration
is 666 js. Figure 13.3 shows the frame structure.

Eachof the 15 timeslots within a 10 ms frameis allocated to either uplink or downlink.
Multiple switching points for different transmission directions per frame allow closed loop
power control and a physical synchronisation channel (PSCH)in dedicated downlink slots
to speed cell search. On the other hand. to be able to cover dynamic asymmetric services.
the flexibility in slot allocation in the downlink/uplink direction guaranteesefficient use of
the spectrum. To maintain maximum flexibility while allowing closed loop powercontrol
wheneveruseful, the SCH has two timeslots per frame for downlink transmission in cellu-
lar usage. Figure 13.4 (a) shows such a maximum uplink asymmetry slot allocation (2:13).
The PSCH is mapped to two downlink slots. For public systems a single-slot-per- frame
SCH scheme could be applied. On the other hand. at least one timeslot has to be allo-
cated to uplink transmission for the random access channel. Figure 13.4 (b) illustrates a
maximum downlink asymmetry of 14:1.

Since the TDMAtransmission in UTRA TDDis discontinuousthe average transmission
power is reduced by a factor of 10 x log,(n/15), where n is the number of active
timeslots per frame. For example, to provide the same coverage with UTRA TDDusing
a single timeslot for 144 kbps requires at least four times more base station sites than
with UTRA FDD. This 12 dB reduction in the average power would result in typical
macro cell environment to reduce the cell range more than into half, and thus, the cell
area to a quarter. Whenutilising the same hardware in the UE the TDMAdiscontinuous
transmission with low duty cycle leads to reduced uplink range. With higher data rates

coe2 [_] [+
codet [|wa]

epsPepsseps[ee
10 ms

Figure 13.3. Frame structure of UTRA TDD. The number of code channels that may be used
within a single timeslot varies depending on the propagation conditions «MA = midamble)

  TS9 |TS10|TS11,TS12 TS13 TS14)  
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10 ms
er?

viv[VivIIVSFT41Ty
(b)

 Lvtl4]41414]  
Figure 13.4. (a) Maximum uplink asymmetry of 2:13. Two slots per frame are allocated to down-
link transmission; the synchronisation channel is assigned to these downlink slots. (b) Maximum
downlink asymmetry (14:1); at least one uplink slot per frame is assigned for random access

purposes

the coverage difference to FDD reduces. Dueto these properties, TDD should be used
in small cell environment where poweris not limiting factor and data rates used for the
coverage planning are higher.

13.2.3.1 Burst Types

There are three bursts defined for UTRA TDD.All of them are used for dedicated channels
while common channels typically use only a subset of them.

Burst types I and II are usable for both uplink and downlink direction with the dif-
ference between the Tyoe I and II being the midamble length. Figure 13.5 illustrates the
general downlink and Figure 13.6 the uplink burst structure with transmission power con-
trol (TPC) and transmission format combination indicator (TFCT). The burst types with
two variants of midamble length can be used forall services up to 2 Mbps. Thelogical
traffic channel (TCH), which contains user data, is mapped to a burst. :

The burst contains two data fields separated by a midamble and followed by a guard
period. The duration of a burst is one timeslot. The midamble is used for both channel
equalisation and coherent detection at the receiver. The midamble reduces the user data
payload. Table 13.2 shows the burst type I and II structures in detail.

Dueto the longer midamble, burst type I is applicable for estimating 16 different uplink
channel impulse responses. Burst type IT can be used for the downlink independently of

Data symbols

2560°T, —— 

Figure 13.5. Generalised UTRA TDD downlink burst structure. The data fields are separated by a
midamble which is used for channel estimation. The lransport format combination indicator (TFCI)
is used to indicate the combination of used transport channels in the dedicated physical channel
(DPCH) andis sent only once per frame. The TEC] uses in-band signalling and has its own coding.

The number of TFCIbits is variable andis set at the beginning of the call

 
Figure 13.6. Generalised uplink burst structure. Both transmission powercontrol (TPC) and TFCT
are present. Both TFCI and TPC are transmitted in the same physical channel and use in-band

signalling. The length of the TPC commandis one symbol
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Table 13.2. Burst type field structures

Burst name Data field 1 Training Data field 2 Guard period
length sequence length length length

Burst type I 976 chips 512 chips 976 chips 96 chips
Burst type 1104 chips 256 chips 1104 chips 96 chips
Burst type I 976 chips 512 chips 880 chips 192 chips

the numberofactive users. If there are fewer than four users within a timeslot, burst type
Tl can also be used for the uplink.

The midambles, i.e., the training sequences ofdifferent users, are time-shifted versions
of one periodic basic code. Different cells use different periodic basic codes,i.e., different
midamble sets. Due to the generation of midambles from the same periodic basic code,
channel estimation of all active users within one timeslot can be performed jointly, for
example by onesingle cyclic correlator. Channel impulse response estimates of different
users are obtained sequentially in time at the output of the correlator [6].

In 3GPP Release-99, the downlink uses either a spreading factor of 16 with the possi-
bility of multicode transmission, or a spreading factor of 1 for high bit rate applications
in case such a capability is supported by the terminals. In the uplink, orthogonal variable
spreading factor (OVSF) codes with spreading factors from 1 to 16 are used. Thetotal
number of the burst formats is 20 in the downlink and 90 in the uplink.

The burst Type III is used in the uplink direction only. The has developed for the needs
for the PRACHas well as to facilitate handover in cases when timing advanceis needed.
The guard time of 192 chips (50 tts) equals a cell radius of 7.5 km.

13.2.3.2 Physical Random Access Channel (PRACH)
The logical random access channel (RACH) is mapped to a physical random access
(PRACH)channel. Table 13.2 showsthe burst type III used with PRACH.and Figure 13.7
illustrate the burst type III structure Spreading factor values of 16 and 8 are used
for PRACH. With PRACHthere is typically no TPC or TFCI bits used as shown in
Figure 13.7.

13.2.3.3. Synchronisation Channel (SCH)

The time division duplex creates some special needs for the synchronisation channel. A
capturing problem arises due to the cell synchronisation, i.e. a phenomenon occurring
when a stronger signal masks weaker signals. The time misalignment of the different
synchronisation channels of different cells would allow for distinguishing several cells
within a single timeslot. For this reason a variable time offset (loser) is allocated between
the SCH and the system slot timing. The offset between two consecutive shifts is TT.
There exist two different SCH structures. The SCH can be mappedeither to the slot
number k € {0...14} or to timeslots k and £+8.k € (0... 6}. Figure 13.8 shows the

Data symbols

Figure 13.7. UTRA TDDburst type If when used with PRACH
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1 frame = 10 ms = 15 time slots

  

 1 Downlink
a Uplink

1 time slot = 2560T, 
Figure 13.8. UTRA TDD SCHstructure. This example has two downlink slots allocated for SCH
(k = 0). The primary code (cp) and three QPSK-medulated secondary codes (c,) are transmit-
ted simultaneously. The time offset (fofer) 18 Introduced to avoid adverse capture effects of the
synchronous system. The combined transmission power of the three c, is equal to the powerof c,

latter SCH structure for & = 0. This dual-SCH-per-framestructure is intended for cellular
use. The position of the SCH can vary on a long-term basis.

The terminal can acquire synchronisation and the coding scheme for the BCCH ofthe
cell in one step and will be able to detect cell messaging instantly. The primary (c,)
and the three secondary (c,) synchronisation sequences are transmitted simultaneously.
Codes are 256 chips long as in the UTRA FDD mode,and the primary code is generated
in the same way as in the FDD mode, as a generalised hierarchical Golay sequence.
The secondary synchronisation code words (c,) are chosen from every 16" row of the
Hadamard sequence Hg, which is used also in the FDD mode. By doing this there are
only 16 possible code words in comparison to 32 of the FDD mode. The codes are QPSK
modulated and the following information is indicated by the SCH:

— Base station code group outof 32 possible alternatives (5 bits)
— Position of the framein the interleaving period (1 bit)
— Slot position in the frame (1 bit)
— Primary CCPCH locations (3 bits)

With a sequenceit is possible to decode the frame synchronisation, the time offset (foptset )»
the midamble and the spreading code set of the base station as well as the spreading
code(s) and location of the broadcast channel (BCCH).

The cell parameters within each code group are cycled over two frames to randomise
interference between base stations and to enhance system performance. Also, network
planning becomes easier with the averaging property of the parameter cycling.
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13.2.3.4 Common Control Physical Channel (CCPCH)
Once the synchronisation has been acquired, the timing and codingof the primary broad-
cast channel (BCH) are known. The CCPCH can be mapped to any downlink slot(s),
including the PSCHslots, and this is pointed by the primary BCH.

The CCPCHis similar to the downlink dedicated physical channel (DPCH). It may
be coded with more redundancy than the other channels to simplify acquisition of in-
formation.

13.2.3.5 UTRA TDD Shared Channels

The UTRA TDDspecification also defines the Downlink Shared Channel (DSCH) and
the Uplink Shared Channel (USCH). These channels use exactly the sameslot structure
as do the dedicated channels. The difference is that they are allocated on a temporary
basis.

In the downlink the signalling to indicate which terminals need to decode the channel
can be done with TFCI,by detecting midamble in use or by higherlayers. In the uplink the
USCHuseshigher layer signalling andthus is not shared in practice on a frame-by-frame
basis.

13.2.3.6 User Data Rates

Table 13.3 shows the UTRA TDDuserbit rates with 5-fate channel coding and spreading
factor 16. The tail bits, TFCI, TPC or CRC overhead have not been taken into account.
Spreading factors other than 16 (from the orthogonal variable spreading scheme) can be
seen as subsets of spreading factor 16 (i.e., spreading factor 8 in the uplink corresponds
to two parallel codes with spreading factor 16 in the downlink). When the number of
needed slots exceeds 7, the corresponding data rate can be provided only for either the
uplink or the downlink. The bit rates shown in Table 13.3 are time slot and code limited
bit rates, the maximum interference limited bit rate can be lower.

13.2.4 UTRA TDD Physical Layer Procedures
13.2.4.1 Power Control

The purpose of power control is to minimisethe interference of separate radio links. Both
the uplink and downlink dedicated physical channels (DPCH)and physical random access
channel (PRACH) are power controlled. The forward access channel (FACH) may be
power controlled. The implementation of advanced receivers such as the joint detector will
suppressintra-cell (own cell) interference and reducethe need forfast powercontrol. The
optimum multi-user detector is near—far resistant [7] but in practice the limited dynamic

Table 13.3, UTRA TDDair interface user bit rates

Numberof allocated timeslots 

Number of allocated codes 1 4 13
with spreading factor 16
eee

1 13.8 kbps 55.2 kbps 179 kbps
8 110 kbps 441 kbps 1.43 Mbps
16 (or spreading factor 1) 220 kbps 883 kbps 2.87 Mbps
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Table 13.4. Power control characteristics of UTRA TDD

 Uplink Downlink

Method Open loop SIR-based closed inner loop
Dynamic range 65 dB 30 dB (all the users are within 20 dB

Minimum power —44 dBm orless in one timeslot)
Maximum power 21 dBm

Step size 1,2,3 dB 1, 2,3 dB

Rate Variable From 100 Hz to approx. 750 Hz
1-7 slots delay (2 slot PCCPCH)
1-14 slots delay (1 slot PCCPCH)

range of the suboptimum detector restricts performance. Table 13.4 shows the UTRA
TDD power control characteristics.

In the downlink, closed loop is used after initial transmission. The reciprocity of the
channel is used for open loop power control in the uplink. Based on interference level at
the base station and on path loss measurements of the downlink, the mobile weights the
path loss measurements and sets the transmission power. The interference level and base
station transmitter power are broadcast. The transmitter power of the mobile is calculated
by the following equation [4]:

Pur = @Lpccpcn + (1 — o) Lo + Iprs + SIRpaRGET + C (13.1)

In Equation (13.1) Pyg is the transmitter power level in dBm, Lpccpcy is the measured
path loss in dB, Zo is the long-term average of path loss in dB, Jprs is the interference
signal power level at the base station receiver in dBm, and @ is a weighting parame-
ter which represents the quality of path loss measurements. The @ is a function of the
time delay between the uplink timeslot and the most recent downlink PCCPCH timeslot.
SiRrarcer is the target SNR in dB; this can be adjusted through higher layer outer loop.
C is a constant value.

13.2.4.2 Data Detection

UTRA TDDrequires that simultaneously active spreading codes within a timeslot are
separated by advanced data detection techniques. The usage of conventional detectors,
i.e. matchedfilters or Rake. in the base station requires tight uplink power control, which
is difficult to implement in a TDD system since the uplink is not continuously available.
Thus advanced data detection techniques should be used to suppress the effect of power
differences between users, i.e., the near—far effect. Both inter-symbol interference (ISI)
due to multipath propagation and multiple access interference (MAD) between data sym-
bols of different users are present also in downlink. In downlink,the intra-cell interference
is suppressed by the orthogonal codes, and the need for advanced detectors is lower than
in uplink. In UTRA TDD the number of simultaneously active users is small and the use
of relatively short scrambling codes together with spreading make the use of advanced
receivers attractive.

The sub-optimal data detection techniques can be categorised as single-user detectors
and multi-user detectors (see Section 11.5.2). In UTRA TDDsingle-user detectors can be
applied whenall signals pass through the same propagation channel,i.e. they are primarily
applied for the downlink [8]. Otherwise, multi-user or joint detection is applied [9, 10].
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Single-user detectors first equalise the received data burst to remove the distortion
caused by the channel. When perfect equalisation is assumed, the orthogonality of the
codes is restored after equalisation. The desired signal can now be separated by code-
matched filtering. The advantages of using single-user detectors are that no knowledge
of the other user’s active codes is required and the computational complexity is low
compared to joint detection [8].

To be able to combat both MAI and ISI in UTRA TDD,equalisation based on, for
example, zero-forcing (ZF) or minimum mean-square-error (MMSE)can be applied. Both
equalisation methods can be applied with or without decision feedback (DF). The com-
putational complexity of the algorithms is essentially the same, but the performance of
the MMSEequalisers is better than that of the ZF equalisers [10].-The decision feed-
back option improves performance (about 3 dB less E,/No at practical bit error rates)
and the MMSEalgorithm generally performs better (less than 1 dB difference in E,/No
requirements) than zero-forcing. Antenna diversity techniques can be applied with joint
detection [11. 12] to further enhance the performance.

The performance of Rake, ZF equaliser, MMSEequaliser and HD-PIC (hard decision
parallel interference canceller [13]) in the UTRA TDDuplink was studied using Monte
Carlo computer simulations in the UTRA TDD uplink [14]. Eight users with spreading
factor of 16 occupy one timeslot within a 10 ms frame. A two-path channel with tap
gains of 0 dB and —9.7 dB and with a mobile speed of 3 km/h is considered. Channel
estimation and power control are assumed to be ideal and channel coding is omitted.
The performance of Rake, ZF, MMSE, and one- and two-stage HD-PIC are shown in
Figure 13.9. The results show that the advanced base station receivers give a clear gain

Indoor channel, 3 km/h, perfect PC, 8 users, 16 SF

-7 MMSE
—%- 1-stage HD-PIC
~Cr 2-stage HD-PIC

BER

 

 
SNA (dB)

Figure 13.9. Performance of Rake, ZF and MMSE equalisers and one- and two-stage HD-PIC in
the UTRA TDD uplink
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compared to the Rake receiver in UTRA TDD even with ideal power control. As the
signal-to-noise ratio (SNR) increases, the performance of ZF and MMSEis better than the
performance of HD-PIC. Channel coding typically increases the differences between the
performanceofdifferent detectors. For example,in the operational area of BER = 5—10%
the gain from the advanced receiver structures can be up to 2 dB with perfect power
control and even more with realistic power control. The difference between the presented
advanced detectors is small in this operational area.

13.2.4.3 Timing Advance

To avoid interference between consecutive timeslots in large cells, it is possible to use a
timing advancement schemeto align the separate transmission instants in the base station
receiver. The timing advance is determined by a 6-bit number with an accuracy of four
chips (1.042 js). The base station measures the required timing advance,and the terminal
adjusts the transmission according to higher layer messaging. The maximum cell range
is 9.2 km.

The UTRA TDDcell radius without timing advance can be calculated from the guard
period of traffic burst (96 chips = 25 ws), resulting in a range of 3.75 km. This value

. exceeds practical TDD cell ranges (micro and pico cells) and in practice the timing
advance is not likely to be needed.

13.2.4.4 Channel Allocation

The layer 2 medium access control (MAC) entity is responsible timely resource allocation
for transmission. Resource unit (RU) allocation (channel frequency, timeslot and code)
is done by allocating resources to cells (slow dynamic channel allocation, DCA) and
resource allocation to bearer services (fast DCA). Both the terminal andthe base station
perform periodic monitoring and reporting to support DCA. Thetermination of the MAC
protocol is therefore much more complicated than in the UTRA FDD mode. Thefast
DCAis always terminated at the base station, but the slow DCA can be terminated at any
network entity above the base stations that form the seamless coverage area. In practice
this is RNC. Figure 13.10 illustrates the partitioning of different DCA elements in the
network.

Slow Dynamic Channel Allocation (DCA)

The slow DCAcan be terminated at a network element above the basestations that form a
continuous coverage area. i.e. have the same uplink/downlink partitioning. By doing this
the network can dynamicallyallocate resource units based on negotiation between adjacent
cells to make handovers between cells fast and to minimise interference. Moreover, the
slow DCAalgorithm allocates resource units in a cell-related preference list (matrix) for
fast DCA to acquire them for different bearers. The cell preference list is updated on a
frame-by-frame basis. The slow DCA hasthe arbitration functionality to solve conflicts
between basestations.

Fast Dynamic Channel Allocation (DCA)

The fast DCA acquires and releases resource units according to the slow DCA preference
list. The multirate services are achieved by pooling resource units in either the code
domain (multicode) or the time domain (multislot). A combination of both is also possible.
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Figure 13.10. [lustration of DCA partitioning between different network elements. The slow DCA

is located in RNC and the fast DCA is located in each base station

The methods used for fast DCA can betimeslot pooling (as in DECT), frequency pooling
or code pooling. The fast DCA can operate on the followingstrategies:

1. Allocate least interfered resources fortraffic (code/timeslot).

2. Allocate several timeslots in order to gain from time diversity.

s 3. Average inter-cell interference, especially with low to medium data rate users when
a the cell load is sufficiently low. This is achieved by varying timeslot, code and

frequency according to a predetermined scheme.

2 The number ofcodes is also dynamic and depends on channelcharacteristics, environment
: and system implementation. The fast DCA guidelines are also service dependent. Forreal-

time services channels remain allocated for the whole duration, but the allocated code
channel/timeslot (resource unit, or RU) may vary accordingto the reallocation procedure.

i Por non-real-time services the channels are allocated only for the period of transmission
: of a data packet by using best effort strategy.

 
13.2.4.5 Handover

UTRA TDDsupports inter-system handovers and intra-system handovers (to UTRA FDD
and to GSM). All these handovers are mobile-assisted hard handovers.

UTRA TDD doesnot use soft handover (or macro diversity), This is a clear difference
from UTRA FDD, in which the protocol structure has been designed to support soft
handover. The UTRA TDDprotocolstructure has followed the samearchitecture as FDD
for termination points for maximum commonality above the physical layer. This means,
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for example, that handover protocols terminate at the same location (RNC) but consist of
FDD and TDD mode-specific parameters.

13.2.4.6 UTRA TDD Transmit Diversity
UTRA TDDsupports four downlink transmit diversity methods. They are comparable to
those in UTRA FDD.,For dedicated physical channels Switched Transmitter Diversity
(STD) and Transmit Adaptive Antennas (TxAA) methods are supported, The antenna
weights are calculated using the reciprocity of the radio link. In order to utilise TxAA
method, the required base station receiver and transmitter chain calibration makes the
implementation more challenging,

For common channels Time Switched Transmit Diversity (TSTD) is used for PSCH,
and Block Space Time Transmit Diversity (Block STTD)is used for primary CCPCH.

For uplink at the base station, the same receiver diversity methods as in FDD are
applicable to enhance the performance,

13.3 UTRA TDD Interference Evaluation

In this section we evaluate the effect of interference within the TDD band and between
TDD and FDD. TDD-TDDinterference is analysed in Section 13.3.1 and the co-existence
of TDD and FDD systemsin Section 13.3.2.

13.3.1 TDD-TDD Interference

Since both uplink and downlink share the same frequency in TDD,those two transmission
directions can interfere with each other. By nature the TDD system is synchronous and
this kind of interference occursif the base stations are not synchronised.It is also present
if different asymmetry is used between the uplink and downlink in adjacent cells even
if the base stations are frame synchronised. Frame synchronisation requires an accuracy
of a few symbols, not an accuracy of chips. The guard period allows moretolerance in
synchronisation requirements. Figure 13.11 illustrates possible interference scenarios. The
interference within the TDD band is analysed with system simulations in [15].

Interference between uplink and downlink can also occur between adjacentcarriers,
Therefore, it can also take place between two operators.

 
Figure 13.11. Interference between mobiles, between base stations, and between mobile and base

station
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In FDD operation the duplex separation prevents interference between uplink and
downlink. The interference between a mobile and a basestation is the same in both TDD
and FDD operation and is not considered in this chapter.

13.3.1.1 Mobile Station to Mobile Station Interference

Mobile-to-mobile interference occurs if mobile MS> in Figure 13.12 is transmitting and
mobile MS; is receiving simultaneously in the same (or adjacent} frequencyin adjacent
cells. This type of interference is statistical because the locations of the mobiles cannot be
controlled. Therefore, it cannot be avoided by network planning. Intra-operator mobile-to-
mobile interference occurs especiallyat cell borders. Inter-operator interference between
mobiles can occur anywhere where two operators’ mobiles are close to each other and
transmitting on fairly high power. Methods to counter mobile-to-mobile interference are:

e DCAand radio resource management
e Power control.

13.3.1.2 Base Station to Base Station Interference

Base station to base station interference occurs if base station BS, in Figure 13.12 is
transmitting and base station BS? is receiving in the same (or adjacent) frequency in
adjacent cells. It depends heavily on the path loss between the two base stations and
therefore can be controlled by network planning.

Intra-operator interference between base stations dependsonthe basestation locations.
Interference between basestations can be especially strong if the path loss is low between
the base stations. Such cases could occur, for example, in a macrocell, if the base stations
are located on masts above rooftops. The best way to avoid this interference is by careful
planning to provide sufficient coupling loss between basestations.

The outage probabilities in [15] show that co-operation between TDD operators in
network planning is required, or the networks need to be synchronised and the same

UTRA/EDD | Sesfing UTRA/TDD 
interference

section
12.3.2.1

 
Section Section
12.3.2.3 12.3.2.2

 
Section
12.3.2.4 UTRA/TDD

UTRA/FDD

Figure 13.12. Possible interference situations between lower TDD band and FDD uplink band
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asymmetry needs to be applied. Sharing basestation sites between operators will be very
problematic, if not impossible. The situation would changeif operators had inter-network
synchronisation and identical uplink/downlink split in their systems.

From the synchronisation and co-ordination point of view, the higher the transmission
power levels and the larger the intended coverage area, the more difficult will be the
co-ordination for interference management. In particular, the locations of antennasof the
macro-cell type tend to result in line-of-sight connections between basestations, causing
strong interference. Operating TDDin indoor and micro/pico cell environments will mean
lower powerlevels and will reduce the problemsillustrated.

13.3.2. TDD and FDD Co-existence

The UTRA FDDand TDDhavespectrum allocations that meetat the border at 1920 MHz,
and therefore TDD and FDD deployment cannot be considered independently: see
Figure 13.13. The regional allocations were shown in Figure 1.2 in Chapter 1. Dynamic
channel allocation (DCA) can be used to avoid TDD-TDD interference, but DCA
is not effective between TDD and FDD, since FDD has continuous transmission and
reception. The possible interference scenarios between TDD and FDD are summarised in
Figure 13.12.

13.3.2.1 Co-siting of UTRA FDD and TDDBaseStations

From the network deploymentperspective, the co-siting of FDD and TDD basestations
looks an interesting alternative. There are, however, problems due to the close proximity
of the frequency bands. The lower TDD band, 1900-1920 MHz,is located adjacent to
the FDD uplink band, 1920-1980 MHz. Theresultingfiltering requirements in TDD base
stations are expected to be suchthat co-siting a TDD basestation in the 1900-1920 MHz
band with an FDD basestation is not considered technically and commercially a viable
solution. Table 13.5 illustrates the situation. The output power of 24 dBm correspondsto
a small pico base station and 43 dBm to a macro cell basestation.

The required attenuation between TDD macro cell base stations is 78 dB. If we
introduce the 5 MHz guard band. with centre frequencies 10 MHz apart, the additionalfre-
quencyseparation of 5 MHz would increase the channel protection by 5 dB. The co-siting
(co-located RF parts) is not an attractive alternative with today’s technology.

Interference between lower TDD

band and FDD uplink band

 
1900 1920 MHz 1980 2010 2025

Figure 13.13. Interference between lower TDD band and FDD uplink band
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Table 13.5. Coupling loss analysis between TDD and FDD base station in
adjacent frequencies at 1970 MHz

TDD base station output power ipico/macro) 24/43 dBm
Adjacent channel power ratio —45 dBc
Isolation between antennas (separate antennas for FDD —30 dB
and TDD basestations)

Leakage power into FDD base station receiver —51/—32 dBm
Allowed leakage power —110 dBm
Required attenuation 59/75 dB

The micro and pico cell environments change the situation, since the TDD base station
power level will be reduced to as low as 24 dBm in small pico cells. On the other
hand, the assumption of 30 dB anienna-to-antenna separation will not hold if antennas
are shared between TDD and FDD systems. Antenna sharing is important to reduce the
visual impactof the base station site. Also, if the indoor coverageis provided with shared
distributed antenna systems for both FDD and TDD modes,there is noisolation between
the antennas. Thus the TDD system should create a separate cell layer in UTRAN.In the
pico cell TDD deployment scenario the interference between modes is easier to manage
with low RF powers and separate RF parts.

13.3.2.2 Interference from UTRA TDD Mobile to UTRA FDD BaseStation
UTRA TDD mobiles can interfere with a UTRA FDDbasestation. This interferenceis
basically the same as that from a UTRA FDD mobile to a UTRA FDDbasestation on
the adjacent frequency. The interference between UTRA FDDcarriersis presented in
Section 8.5. There is. however. a difference between these two scenarios: in pure FDD
interference there is always the corresponding downlink interference, while in interference
from TDD to FDD there is no downlink interference. In FDD operation the downlink
interference will typically be the limiting factor. and therefore uplink interference will
not occur. In the interference from a TDD mobile to an FDD basestation, the downlink
balancing doesnot exist as between FDD systems,since the interfering TDD mobile does
not experience interference from UTRA FDD.Thisis illustrated in Figure 13.14.

One way to avoid uplink interference problems is to make the base station receiver
less sensitive on purpose. i.e. to desensitise the receiver. For small pico cells indoors,
base station sensitivity can be degraded withoutaffecting cell size. Anothersolution is to
place the FDD basestations so that the mobile cannot get very close to the basestation
antenna.

13.3.2.3 Interference from UTRA FDD Mobile to UTRA TDD Base Station

A UTRA FDD mobile operating in 1920-1980 MHzcan interfere with the reception of a
UTRA TDDbasestation operating in 1900-1920 MHz. Uplink reception may experience
high interference, which is not possible in FDD-only operation. The inter-frequency and
inter-system handovers alleviate the problem. The samesolutions can be applied here as
in Section 13.3.2.2.

13.3.2.4 Interference from UTRA FDD Mobile to UTRA TDD Mobile

A UTRA FDD mobile operating in 1920-1980 MHzcan interfere with the reception
of a UTRA TDD mobile operating in 1900-1920 MHz.It is not possible to use the
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Figure 13.14. Interference from TDD mobile to FDD basestation

solutions of Sections 13.3.2.2 because the locations of the mobiles cannot be controlled.
One way to tackle the problem is to use downlink power control in TDD base sta-
tions to compensate for the interference from the FDD mobile. The other solution is
inter-system/inter-frequency handover. This type of interference also depends on the
transmission power of the FDD mobile. If the FDD mobile is not operating close to
its maximum power,the interference to TDD mobiles is reduced. Therelative placement
of UTRA base stations has effect in the generated interference. Inter-system handover
requires multimode FDD/TDD mobiles and this cannot always be assumed.

13.3.3 Unlicensed TDD Operation

Unlicensedoperation with UTRA TDDis possible if DCA techniques are applied together
with TDMA components. DCA techniques cannot be applied for high bit rates since sev-
eral timeslots are needed. Therefore. unlicensed operation is restricted to low to medium
bit rates if there are several uncoordinated basestations in one geographical area.

13.3.4 Conclusions on UTRA TDD Interference

Sections 13.3.1—-13.3.3 considered those UTRA TDDinterference issues that are different
from UTRA FDD-only operation. The following conclusions emerge:

— Frame-level synchronisation of each operator’s UTRA TDDbasestations is required.
— Frame-level synchronisation of the base stations of different TDD operators is also

recommended if the base stations are close to each other.

sa
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— Cell-independent asymmetric capacity allocation between uplink and downlink is
not feasible for each cell in the coverage area.

— Dynamic channelallocation is needed to reduce the interference problems within
the TDD band.

— Tnterference between the lower TDD band and the FDD uplink band can occur and
cannot be avoided by dynamic channelallocation.

—  Inter-system and inter-frequency handovers provide meansof reducing and escaping
the interference.

— Co-siting of UTRA FDD and TDD macrocell base stations is not feasible, and
co-siting of pico base stations sets high requirements for UTRA TDD basestation
implementation.

— Co-existence of FDD and TDD can affect FDD uplink coverage area and TDD
quality of service.

— With proper planning TDD can form a part of the UTRAN where TDD comple-
ments FDD.

According to [16], TDD operation should not be prohibited in the FDD uplink band.
Based on the interference results in this chapter. there is very little practical sense in
such an arrangement, noris it foreseen to be supported by the equipmentoffered for the
market.

13.4 Low Chip Rate TDD

During the Release 4 work 1.28 Mcps TDD mode was introduced in the 3GPP specifica-
tions (version 4.x. onwards). The majordifferenceis the smaller chip rate which obviously
results to the different physical layer channel structure and RF requirements compared to
the 3.84 Mcps TDD.

The areas where most issues are commonis the channel coding and multiplexing as well
as spreading. The spreading factors and channel encoders are common with 3.84 Meps
TDD. The difference in the slot and frame structure comes from the different chip rate
and resulting to 14 slots per frame compared to 15 slot with 3.84 Mcps TDD. The slot
structure in Figure 13.15. has similarity to 3.84 Meps when comparedto the slot structure
in Figure 13.3. The frames consist of 2 identical 5 ms sub-frames that include each 7 time
slots. In each sub frame thefirst time slot is always allocated for downlink and second
for the uplink direction. In addition each sub frame has after the first time uplink and
downlink pilot slots as well as 96 chips master guard period. In case TFC] and TPCbits
are to be transmitted they are included in the timeslots next to the midamble in a similar
way as with 3.84 Mcps TDD. Also the uplink synchronisation commands are used in
such a way.

In the area of modulation the 1.28 Mcps TDD contains 8PSK that was needed to fulfil
the 2 Mbits/s requirements set for the IMT-2000 3G technologies.
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352 chips 144 chips 352 chips 16 chips

Time slot = 864 chips
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Sub frame = 5 ms = 6400 chips
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 Uplink/downlin pilots & main guard period

Figure 13.15. 1.28 Mcps TDDtime slot and framestructure

From the physical layer procedures point of view the 1.28 Mcps TDDcontain possi-
bility for uplink synchronisation by sending synchronisation adjustment commandsin the
downlink direction. Further details can be found from the Release 4 versions on [1-4].

13.5 Concluding Remarks on UTRA TDD

This chapter covered UTRA TDD. The focus was on the physical layer issues, since
the higher layer specifications are common, to a large extent, with UTRA FDD. In an
actual implementation the algorithms for both the receiver and radio resource management
differ between UTRA FDD and TDD.asthe physical layers have different parameters
to control. Especially in the TDD base station, advanced receivers are needed, while for
mobile stations the required receiver solution will depend on the details of performance
requirements.

From the service point of view. both UTRA TDD and FDD can provide both low
and high data rate services with similar QoS. The only exception for UTRA TDDisthat
after a certain point the highest data rates are asymmetric. The coverage of UTRA TDD
will be smaller for low and medium data rate services than the comparable UTRA FDD
service due to TDMA duty cycle. Also to avoid interference smaller cells provide better
Starting point. Therefore, UTRA TDD is most suited for small cells and high data rate
services.

Interference aspects for UTRA TDD were analysed and will need careful consideration
for deployment. With proper planning, UTRA TDD can complement the UTRA FDD
network, the biggest benefit being the Separate frequency band that can beutilised only
with TDD operation.
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