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PREFACE 

The rapid growth in traffic volume and increase in new services has begun to change 
the configuration and structure of wireless networks. Thus, future mobile communica-
tions systems will be distinguished by high integration of services, flexibility and higher 
throughput.  

To support such features, the efficient use of spectrum and optimum management of 
radio resources will be essential. 

To meet these challenges standardization bodies like ETSI (now expanded to 3GPP), 
have selected the Wideband Code Division Multiple Access (WCDMA) and the hybrid 
Time Division –  CDMA as the radio techniques for the Universal Mobile Telecommu-
nication Systems (UMTS). Hence, UMTS conceived at the eve of this new millennium 
will without doubt have a large impact on future wideband mobile networks and serve 
as the leading platform for wireless multimedia communications. 

The specification extracts in this book are intended to provide a concise reference for 
the many documents related to UMTS systems. After all, the whole UMTS specification 
set would probably exceed 4000 pages. Thus, it is hoped that the synthesis presented in 
this book will be useful in some way. In this context, in order to offer a complete source 
on the UMTS air interface and network issues, this book aims to present a description of 
the principles, methods and technology used in the standard specification. Different 
aspects of the UMTS multiple access and network configuration are presented; how-
ever, this concise and integrated volume, which embodies the main design elements, 
goes further. Thus, the content of this book follows structurally the specifications of the 
3GPP recommendations to comply entirely with the concept, terminology, approach and 
style, and not just the technical essence.  

In drafting the standards or UMTS technical specifications, the experts have tried to 
reduce the risk of ambivalent interpretation, and not necessarily ease the understanding 
for the common reader. The logic, constructive discussions and consensus behind the 
choices or equivalent solutions have not always been retained in the final specifications. 
Therefore, in some ways this book tries to present an objective unified view of the key 
aspects of UMTS. On the other hand, the area of UMTS is vast in content and detail, 
and not all within the scope of these writings. As a result, the book will allow us to un-
derstand the UMTS specifications and get a good grasp of its design, but the technical 
documents of formerly SMG, and now 3GPP, remain the official specifications with all 
their appropriate ownership and origin of contribution. 

Since this book has been introduced in good faith as a useful reference for UMTS tech-
nology, the author does not take responsibility for any misuse or error while dealing 
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with the information provided. If for some reason some representations have been omit-
ted due to time constraints or the dynamic changing process of the specifications, they 
will be revised and corrected for later reprints. Thus, the author welcomes any com-
ments and suggestions for improvements or changes that could enhance further this 
contribution to UMTS. 

The chapters in this book cover specific design details of the building blocks in the 
UMTS air interface, in particular the physical layer. It addresses the technical part of the 
specification for both the FDD and TDD modes. On the other hand, it also introduces 
the key criteria for network dimensioning and deployment of 3G systems assuming an 
evolution from 2G mobile networks from the providers’  point of view. To illustrate the 
progressive steps of UMTS standards such as the evolution towards predominant packet 
switching oriented communications, this book also introduces the ‘All IP Core Net-
work’ architecture concept for mobile multimedia.  

Chapter 1 deals with concrete requirements for 3G mobile systems after summarizing 
the rapid growth of wireless communications and the Internet. It also outlines briefly 
enhancing technologies such as capacity increasing antennas, multi-user detection tech-
niques, and software radio applications. 

Chapter 2 presents the fundamentals of system analysis, e.g. multiple access options, 
which considers narrow-band and wide-band digital channels, as well as the background 
for the UTRA FDD and TDD modes. It covers signal processing aspects describing the 
principles of spread spectrum, modulation and spreading, the CDMA performance, PN 
sequences, power control and handovers. It presents the communications environments 
envisaged for UMTS operation and deployment. It also describes the channel models 
used to verify and justify the performance for the selected operating scenarios. It pro-
vides a summary of the mathematical formulation for the performance analysis results 
seen in the forthcoming chapters (e.g. Chapter 7).  

Chapter 3 describes the UMTS development platform. It introduces its architecture top 
down, identifying the core and access network domains. It defines the UTRA identifiers 
and functions, e.g. system access control, radio channel ciphering and deciphering, mo-
bility functions, and radio resource management and control functions. It also presents 
mobility management with its signaling connections and impact of mobility handling. 
Chapter 3 presents the UTRAN sychronization and UTRAN interfaces besides pointing 
out co-existing 2G/3G network issues. It also introduces the radio interface protocol 
architecture with its structure in terms of services and function layers. This chapter thus 
outlines the most relevant elements, which require technical description for design and 
implementation. 

Chapter 4 describes the UTRA physical layer design and configuration, where we intro-
duce all the building blocks in detail with their respective technical description and re-
quirements. It covers dedicated common transport channels, configuration of FDD and 
TDD physical channels in the uplink and downlink with their spreading and coding 
characteristics. Spreading and modulation, including scrambling, multiplexing and 
channel coding are also discussed. The chapter presents the aforementioned characteris-
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tics for the FDD and TDD separately for each mode or unified when the case applies to 
both. 

Chapter 5 introduces the UTRA transmission system starting from the spectrum alloca-
tion, i.e. the UTRA frequency bands. It presents the radio transmission and reception 
aspects, describing transmitter and receiver characteristics for the User Equipment (UE) 
and the Base Station (BS). It describes the maximum output power and output power 
dynamics, out of synchronization output power handling, transmit on/off power. Details 
on the output RF spectrum emissions, such as occupied bandwidth and out band emis-
sion, spectrum emissions, adjacent channel leakage power ratio, spurious emissions, and 
transmit modulation and inter-modulation are given. The summary of examples in-
cludes a review of simulation scenarios for the co-existence of FDD/FDD when analyz-
ing ACIR with macro-to-macro and macro-to-micro cases. Before presenting results the 
chapter also reviews propagation models.  

Chapter 6 describes the UMTS service components. It covers the UMTS bearer archi-
tecture, concepts in quality of service for 3G systems, multimedia transmission and traf-
fic classes in UMTS. The classes include conversational, streaming, interactive, and 
background types. Sensitivity to IP transmission impairments are also covered here. To 
provide an overview of potential applications in UMTS this chapter also summarizes 
service offerings and selected areas of service technology. 

Chapter 7 introduces the factors that influence 3G network dimensioning. It discusses 
coverage and capacity trade-off in the FDD mode pointing out impacts from soft hand-
over, power control and orthogonality deviations. It covers the analysis of parameters 
for multi-service traffic in PS and CS. It establishes service models starting from capac-
ity projections, and service strategy. Cellular coverage planning issues, i.e. the coverage 
concept, radio network parameter assumptions for CS and PS, characteristics of CDMA 
cells (with its theoretical capacity and cell loading effects) constitute the essential parts 
of this chapter. Link budget principles for the forward and reverse links and their re-
spective formulation are covered. In the latter part, these principles are applied to a field 
study. For completeness the chapter also describes briefly the dimensioning of the RNC 
in the UTRAN side. Chapter 7 also presents the dimensioning of the core network and 
transmission systems. In the last part, results of a field study are provided using hypo-
thetical parameters to illustrate the concepts end-to-end. The illustrations correspond to 
dimensioning exercises carried out while optimizing 3G networks. However, the input 
and output values in this chapter do not necessarily reflect actual values that may be 
used directly while dimensioning a future UMTS network. Finally, to complete the as-
sessment of UMTS network deployment within 2G networks like GSM, this chapter 
discusses briefly co-location and site sharing, as well as co-location of antenna systems. 

Chapter 8 presents issues on resource and network management. It covers radio re-
source management and signalling, i.e. managing power (fast and low). The conceptual 
aspects of network management are covered from the network management system 
point of view. Initial considerations for network optimization are also covered. 

Chapter 9 as a prelude to future predominantly PS domain networks, covers the concep-
tual architecture of UMTS Release 2000 or more specifically Release 4 and 5. It starts 
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with the evolution of R99 and discusses briefly the long term view and vision of the 
UMTS architecture. Then it describes the components of R00 with their corresponding 
interfaces or reference points. This chapter also presents an introduction to and consid-
erations of mobility management, registration aspects, multimedia signalling, service 
platforms, QoS aspects, and transport issues such as the basic differences of Ipv4 and 
Ipv6. 
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FCS Frame Check Sequence 

FDD Frequency Division Duplex 

FDMA Frequency Division Multiple Access 

FDR False transmit format Detection Ratio  

FEC Forward Error Control 

FER Frame Error Rate 

FTP File Transfer Protocol 

FSW Frame Synchronization Word 

Fuw Frequency of unwanted signal. 

GC General Control (SAP) 

GF Galois Field 

GGSN Gateway GPRS support node 

GMSC Gateway MSC 

GP Guard Period 

GPRS General Packet Radio System 

GSM Global System for Mobile Communication 

GTP GPRS Tunnelling Protocol 

HLR Home Location register 

HO Handover 

HSS Home Subscriber Server 

IC Interference Cancellation 

ICGW Incoming call gateway 

IETF Internet engineering task force 

IMSI International Mobile Subscriber identity 

IN Intelligent network 

Ioc The power spectral density of a band limited white noise source. 

Ior The total transmit power spectral density of the DL at the BS antenna connector 
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IP Internet Protocol 

ISDN Integrated services digital network 

ISI Inter-symbol interference 

ITU International Telecommunication Union 

JD Joint Detection 

kbps kilo-bits per second 

L1 Layer 1 (physical layer) 

L2 Layer 2 (data link layer) 

L3 Layer 3 (network layer) 

LAC Link Access Control 

LAI Location Area Identity 

LCS Location Services 

LLC Logical Link Control 

LAN Local Area Network 

MA Multiple Access 

MAC Medium Access Control 

Mbps Mega bit per second 

Mcps Mega Chip Per Second 

ME Mobile Equipment 

MER Message Error Ratio 

MF Matched filter 

MGCF Media Gateway Control Function 

MGW Media Gateway Function 

MM Mobility Management 

MPEG Motion picture expert group 

MRF Multimedia Resource Function 

MS Mobile Station 

MT Mobile Terminated 

MUD Multiuser detection 

MUI Mobile User Identifier 

NAS Non Access Stratum 

NBAP Node B Application Protocol 

NRT Non-Real Time 

Nt Notification (SAP) 

OVSF Orthogonal Variable Spreading Factor (codes) 

PAD Padding 

PC Power Control  

PCCC Parallel Concatenated Convolutional Code 



Acronyms xxvii 

PCCH Paging Control Channel 

PCCPCH Primary Common Control Physical Channel 

PCH  Paging Channel 

PCPCH Physical Common Packet Channel 

PCS Personal Communications System 

PDCP Packet Data Convergence Protocol  

PDSCH Physical Downlink Shared Channel 

PDSCH Physical Dedicated Shared Channel 

PDP Packet Data Control 

PDU Protocol Data Unit 

PhCH Physical Channel 

PHY Physical layer 

PhyCH Physical Channels 

PI Paging Indicator 

PICH Paging Indicator Channel 

PICH Page Indicator Channel 

PN Pseudo Noise 

PPM Parts Per Million 

PRACH Physical Random Access Channel 

PSC Primary Synchronisation Code 

PSCH Physical channel 

PSTN Public Switched Telephone Network 

PU Payload Unit 

PUSCH Physical Uplink Shared Channel 

QoS Quality of Service 

QPSK Quadrature Phase Shift Keying 

RAB Radio Access Bearer 

RACH Random Access Channel 

RAI Routing Area identity 

RANAP Radio Access Network Application Part  

RB Radio Bearer 

RF Radio Frequency 

RL Radio Link 

RLC Radio Link Control  

RNC Radio Network Controller 

RNS Radio Network Subsystem 

RNS Radio Network Subsystem  

RNSAP Radio Network Subsystem Application Part 



xxviii Acronyms 

 

RNTI Radio Network Temporary Identity 

RRC Radio Resource Control 

RRM Radio Resource Management 

RSC Recursive Systematic Convolutional Coder 

RSCP Received Signal Code Power 

RSSI Received Signal Strength Indicator 

RT Real Time 

RTP Real Time Protocol 

RU Resource Unit 

RX Receive 

SAB Service Area Broadcast 

SAP Service Access Point  

SCCC Serial Concatenated Convolutional Code 

SCCP Signalling Connection Control Part 

S-CCPCH Secondary Common Control Physical Channel  

SCH Synchronisation Channel: Primary + Secondary synchronisation channels 

SDP Session Description Protocol 

SDU Service Data Unit 

SF Spreading Factor 

SFN System Frame Number 

SHCCH Shared Channel Control Channel  

SI Status Indicator 

SIR Signal to Interference Ratio 

SMS Short Message Service 

SN Sequence Number 

SNR Signal to Noise Ratio 

SPD Serving Profile Database 

SRNC Serving Radio Network Controller 

SRNS Serving Radio Network Subsystem 

SSC Secondary Synchronisation Code 

SSCH Secondary Synchronisation Channel 

SSDT Site Selection Diversity Transmission 

SSDT Site Selection Diversity TPC 

STD Selective Transmit Diversity 

STTD Space Time Transmit Diversity 

TA Timing Advance 

TCH Traffic Channel 

TDD Time Division Duplex 



Acronyms xxix 

TDD Time Division Duplex 

TDMA Time Division Multiple Access  

TF Transport Format 

TFC Transport Format Combination 

TFCI Transport Format Combination Indicator 

TFI Transport Format Indicator 

TMSI Temporary Mobile Subscriber Identity 

TPC Transmit Power Control 

TrBk Transport Block 

TrCH Transport Channel 

T-SGW Transport Signalling Gateway Function 

TSTD Time Switched Transmit Diversity 

TTI Transmission Time Interval 

TX Transmit 

TxAA Transmit Adaptive Antennas 

U- User- 

UE User Equipment 

UL Uplink (Reverse link) 

UMTS Universal Mobile Telecommunications System 

URA UTRAN Registration Area 

USCH Uplink Shared Channel 

USIM UMTS Subscriber Identity Module 

UTRA UMTS Terrestrial Radio Access 

UTRAN UMTS Terrestrial Radio Access Network 

VBR Variable Bit Rate 

WCDMA Wide-band Code Division Multiple Access 
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access preamble acquisition indicators, 127 
ACIR, 208 
ACLR, 202 
acquisition indicators, 127 
adaptive multi-rate (AMR), 233 
adjacent channel selectivity, 205 
admission control, 60, 312 
ALL IP multimedia services, 318 
antenna connectors, 298 
antenna diversity, 204 
associated paging sub-channel, 157 
asynchronous soft handover, 88 
authentication, 325 
average traffic, 270 
 
background class, 240 
beacon function, 156 
bit error probability, 22 
bit error rate, 18 
blocking characteristic, 205 
blocking rates, 250 
BPSK, 17 
breathing cells, 248 
broadband SS7, 57 
broadcast channel, 157 
broadcast/multicast control, 78 
BS maximum output power, 194 
burst types, 151 
burstiness factor, 270 
busy hour, 250 
 
call state control function, 322 
capacity and coverage, 249 
cell selection/reselection, 146 
cell-edge, 248 
channel capacity, 16 
channel coding, 163 
channel impulse response, 34 
channel number, 193 
channel spacing, 192 
channelization code, 87, 101 

classes of UMTS traffic, 233 
code/frequency plane, 89 
coded composite transport channel, 165 
collision detection channel, 128 
common channels, 88 
common midamble, 153 
complex scrambling code, 161 
compressed mode, 111, 137, 142 
compressed radio frame, 182 
congestion control, 61 
convergence, 3 
conversational classes, 233 
convolutional coding, 168 
core network, 1, 13 
co-siting, 296 
CPCH status indicator channel, 130 
CS domain, 318 
 
data spreading, 159 
dedicated channel, 88 
dedicated physical channel, 150 
dedicated physical data channel, 90 
dedicated transport channel, 157 
designers and producers, 243 
diplexer, 297 
distributors and retailers, 243 
DL beam-forming, 153 
Doppler shift, 35 
Doppler spectrum, 35 
downlink access slots, 133 
downlink acquisition indicators, 133 
downlink DPCH, 115 
downlink power control, 140 
downlink scrambling codes, 137 
downlink spreading, 136 
DS-CDMA, 14 
DSSS, 14 
dual band antennas, 298 
 
EDGE, 2 
Erlang B formulation, 250 
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error vector magnitude, 203 
evolved Gn interface, 57 
 
family of UMTS Users, 243 
fast loop power control, 113 
fast power, 24 
fast power control, 302 
FDD, 13, 85 
Feeder cables, 297 
FHSS, 14 
financial and legal people, 243 
frame synchronization, 116 
frequency division duplex, 85 
functional levels, 41 
 
Gi interface, 328 
Gn interface, 328 
gold codes, 87 
GPRS, 2 
GSM, 1 
 
H.323 architecture, 235 
H.323 ITU-T, 235 
Hadamard sequences, 162 
handover requirements, 146 
hard handover, 24 
horizontal distance, 296 
HSCSD, 2 
 
indoor office, 26 
information technologist, 243 
infrastructure domain, 42 
inner loop power control, 196 
interactive, 240 
interference, 248 
interference degradation, 266 
interleaving, 163 
inter-mode handover, 145 
inter-modulation, 204 
inter-modulation response rejection, 207 
Internet multimedia, 237 
interrogating CSCF, 322 
intersystem handover, 145 
intra-mode handover, 145 
IP addressing domain, 331 
IP multimedia subsystem, 318 
Iu interface, 57 
Iu principles, 57 
Iu reference point, 331 

LCD, 25 
LDD, 25 
loading factor, 266 
location management, 334 

 
MAC functions, 75 
MAC layer, 74 
macrocell coverage, 302 
managing resources, 301 
mapping of transport channels, 130 
mapping to physical channels, 165 
mass market subscribers, 244 
maximum output power, 194 
media gateway control, 238 
Megaco IP phone, 239 
message part scrambling code, 105 
Mg reference, 329 
midamble sequences, 87 
Mm SIP based reference, 329 
M-PSK, 17 
Mr reference, 329 
multi-code operation, 194 
multi-code transmission, 117, 126, 194 
multi-media resource function, 322, 327 
multi-path diversity, 204 
multiplexing examples, 182 
multiplexing of transport channels, 165 
multiplexing/de-multiplexing, 76 
multi-purpose, 3 
multi-user detection, 9 

 
Nb reference point, 330 
network management, 305 
network optimization, 309 
non-access stratum messages, 65 
non-voice services, 231 
number of taps, 34 
Nyquist filtering, 18 
 
occupied bandwidth, 200 
open loop power control, 195 
out of band emissions, 200 
outage, 208 
outdoor to indoor and pedestrian, 26 
outer loop, 24 
output power dynamics, 195 
OVSF channelization code, 149 
OVSF code, 137 
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packet data convergence protocol, 78 
packet length, 251 
packet physical channel, 98 
paging indicators, 129 
parallel code channels, 249 
PDP context, 333 
peak traffic, 250 
physical channel mapping, 177 
physical channel segmentation, 165, 175 
physical common packet channel, 97 
physical layer, 72 
physical resource, 89 
pilot bit patterns, 92 
PN sequences, 23 
power amplifier, 310 
power control, 301 
power control step change, 196 
power drifting, 304 
power of emissions, 207 
preamble part, 108 
preamble signature, 101 
preambles, 95 
primary CCPCH, 121 
primary cell, 142 
primary synchronization channel, 162 
priority handling, 76 
proxy CSCF, 322 
PS domain, 318 
pseudorandom noise, 23 
puncturing techniques, 173 
 
QoS implementation, 347 
QPSK, 17 
quantization steps, 94 
 
RAB, 307 
radio access bearer, 307 
radio frame size equalization, 170 
radio interface protocols, 70 
radio network subsystems, 58 
radio resource control (RRC), 79 
radio resource management, 301 
raised cosine, 18 
RAKE, 14 
RANAP stack, 57 
random-access transmission, 95 
rate matching, 163, 172 
recovery period power, 112 
reference sensitivity, 204 

Release 00, 317 
Release 4 and 5, 317 
Release 99, 317 
reserved midambles, 156 
residential subscribers, 243 
RLC functions, 77 
RLC services, 76 
RLC sub-layer, 71 
RNC capacity, 270 
RNC Iub interface, 269 
roll-off, 18 
 
satisfied user, 208 
SCCP protocol, 57 
scrambling code resources, 108 
scrambling code sequences, 138 
second interleaving, 176 
secondary CCPCHs, 122 
service access points, 85 
service level agreements, 347 
serving CSCF, 322 
session initiation protocol (SIP), 236 
Shannon, 16 
shared channel, 155 
shift register, 23 
signal strength, 249 
signalling bearer, 69 
SIGTRAN, 239 
single band antennas, 296 
site sharing, 296 
slot configuration, 89 
slotted power control, 141 
slow power control, 24 
soft handover mode, 141 
soft handovers, 24 
softer and soft handovers, 24 
softer HO, 303 
spectrum emission mask, 200 
spectrum emission mask values, 202 
spread spectrum, 14 
spreading factor (SF), 137, 153 
spurious emissions, 203 
spurious response, 206 
streaming, 239 
STTD, 114 
STTD encoding, 124 
sub-network management layer, 306 
synchronization channel, 154 
synchronization issues, 66 
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system loading, 219 
 
TD/CDMA, 2 
TDD, 13, 85 
TDD basic modulation parameters, 158 
TDD burst characteristics, 151 
TDD physical channel, 149 
TDMA frame in the TDD, 150 
TDMA/CDMA, 13 
test environments, 25 
TFCI, 90 
thermal noise, 16 
time diversity, 204 
time division duplex (TDD), 85 
timing advance, 65 
timing reference, 131 
TPC, 196 
transmission gap, 112, 144 
transmission time interval, 166 
transmit intermodulation, 229 
transmit ON/OFF power, 199 
transmit power control, 90 
transport block concatenation, 167 
transport channels, 72 
transport format set, 178 
transport network control plane, 69 
TrCH multiplexing, 172 
turbo coding, 167, 169 

UDD, 25 
UE power classes, 194 
UMTS, 1, 13 
UMTS bearer service architecture, 232 
UMTS frequency ranges, 191 
UMTS high level architecture, 42 
UMTS services, 242 
uplink dedicated physical channels, 91 
uplink inner-loop power control, 109 
uplink physical channels, 101 
uplink power control, 109, 196 
user equipment, 347 
user equipment domain, 42 
user plane, 69 
UTRA, 6 
UTRA design, 85 
UTRAN interfaces protocol model, 68 
 
vehicular, 26 
vertical distance, 296 
video telephony, 234 
 
wideband antenna, 297 
wideband CDMA, 2 
wider transmission rates, 231 
WWW browsing, 37 

 

 

 

 

 

 

 

 

 

 


