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[0 O During the past years[] there has been a quickly rising interest in radio access tech- nologies for providing
mobile as well as nomadic and fixed services for voice[] video[l and data. The difference in design]
implementation] and use between telecom and data com technologies is also getting more blurred. One example
is cellular technologies from the telecom world being used for broadband data and wireless LAN from the data com
world being used for voice over IP.CJ [0 Today[d the most widespread radio access technology for mobile
communication is digital cellulard with the number of users passing 3 billion by 200701 which is almost half of the
worlds population. It has emerged from early deployments of an expensive voice service for a few car-borne users
[ to todays widespread use of third generation mobile-communication devices that provide a range of mobile
services and often include camerall MP3 player] and PDA functions. With this widespread use and increasing
interest in 3G a continuing evolution ahead is foreseen.[J [J This book describes the evolution of 3G digital
cellular into an advanced broadband mobile access. The focus of this book is on the evolution of the 3G mobile
communication as developed in the 3GPP [J Third Generation Partnership Projectl] standardization(] looking at
the radio access and access network evolution.OJ [ This book is divided into five parts. Part | gives the background
to 3G and its evolutionJ looking also at the different standards bodies and organizations involved in the process of
defining 3G. Itis followed by a discussion of the rea- sons and driving forces behind the 3G evolution. Part 11 gives
a deeper insight into some of the technologies that are includedd or are expected to be included as part of the 3G
evolution. Because of its generic nature[] Part Il can be used as a background not only for the evolution steps
taken in 3GPP as described in this book[] but also for readers that want to understand the technology behind
other systems[] such as WiMAX and CDMA2000.
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Part 0 O Introduction1] Background of 3G evolution[] 31.100 History and background of 3G 31.1.1[1 Before
3G 31.1.200 Early 3G discussions[] 51.1.3[1 Research on 3G[J 61.1.400 3G standardization starts(] 71.2
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[0 111.300 Spectrum for 3G and systems beyond 3G 1320 The motives behind the 3G evolution] 152.1

O Driving forces[d 152.1.10 Technology advancements[] 162.1.2[0 Services[] 172.1.3[0 Cost and performance

0 202.2[0 3G evolution Two Radio Access Network approaches and an evolved core network[] 212.2.1[0 Radio
Access Network evolutiond 212.2.2[0 An evolved core network[d system architecture evolutiond 24Part [0 [0
Technologies for 3G Evolution3[] High data rates in mobile communicationd 293.100 High data rates]
Fundamental constraints] 293.1.100 High data rates in noise-limited scenarios(] 313.1.2[1 Higher data rates in
interference-limited scenarios[] 333.2[0 Higher data rates within a limited bandwidthd Higher-order modulation
(1 343.2.100 Higher-order modulation in combination with channel coding] 353.2.2[1] Variations in
instantaneous transmit powerl] 363.30] Wider bandwidth including multi-carrier transmission(] 373.3.1

O Multi-carrier transmission] 40400 OFDM transmission[] 434.1[1 Basic principles of OFDMU 434.2[01 OFDM
demodulationJ] 464.3[1 OFDM implementation using IFFT/FFT processingl 464.400 Cyclic-prefix insertion

[J 484.500 Frequency-domain model of OFDM transmissiond 514.600 Channel estimation and reference symbols
[0 524.700 Frequency diversity with OFDMUO Importance of channel codingd 534.8[1 Selection of basic OFDM
parameters(] 554.8.100 OFDM subcarrier spacing[] 554.8.2[1 Number of subcarriers] 574.8.30] Cyclic-prefix
length 584.90J Variations in instantaneous transmission power[J 584.1000 OFDM as a user-multiplexing and
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[0 Time-domain linear equalizationd 665.1.2[1 Frequency-domain equalization[] 685.1.3[] Other equalizer
strategies[] 715.2[01 Uplink FDMA with flexible bandwidth assignmentd 715.3(0 DFT-spread OFDM0 735.3.1

[0 Basic principles 745.3.2[1 DFTS-OFDM receiver[d 765.3.300 User multiplexing with DFTS-OFDM0O 775.3.4
O Distributed DFTS-OFDML 7861 Multi-antenna techniques] 816.1C01 Multi-antenna configurations] 816.2
[ Benefits of multi-antenna techniquest] 826.300 Multiple receive antennas] 836.4]1 Multiple transmit antennas
(1 886.4.100 Transmit-antenna diversity[] 896.4.2[1 Transmitter-side beam-forming[] 936.501 Spatial multiplexing
(1 966.5.100 Basic principles[] 976.5.2[1 Pre-coder-based spatial multiplexing[] 1006.5.3C1 Non-linear receiver
processing] 102700 Schedulingd link adaptation and hybrid ARQ[ 1057.107 Link adaptation[] Power and rate
controlJ 1067.200 Channel-dependent scheduling[d 1077.2.100 Downlink schedulingd 1087.2.201 Uplink
scheduling] 1127.2.300 Link adaptation and channel-dependent scheduling in the frequency domaind 1157.2.4
O Acquiring on channel-state information 1167.2.50 Traffic behavior and schedulingd 1177.30 Advanced
retransmission schemes(] 1187.400 Hybrid ARQ with soft combiningd 120Part [0 [1 HSPA8L] WCDMA
evolutiond HSPA and MBMS[J 1278.10 WCDMAU[ Brief overview[ 1298.1.11 Overall architecture
[11298.1.200 Physical layer] 1328.1.3[] Resource handling and packet-data session[J 13791 High-Speed
Downlink Packet Accessl] 1399.100 Overview[] 1399.1.100 Shared-channel transmission] 1399.1.2

O Channel-dependent schedulingJ 1409.1.30] Rate control and higher-order modulationl] 1429.1.400 Hybrid
ARQ with soft combining] 1429.1.5[7 Architecture[d 1439.2[1 Details of HSDPALI 1449.2.100 HS-DSCHO
Inclusion of features in WCDMA Release 51 1449.2.2[1 MAC-hs and physical-layer processing[] 1479.2.3

[0 Schedulingd 1499.2.400 Rate controll] 1509.2.500 Hybrid ARQ with soft combining[] 1549.2.6(1 Data flow

[0 1579.2.700 Resource control for HS-DSCH[ 1599.2.8[0 Mobility[d] 1609.2.900 UE categories[] 1629.301 Finer
details of HSDPALI 1629.3.100 Hybrid ARQ revisited[1 Physical-layer processing[] 1629.3.2[1 Interleaving and
constellation rearrangement(] 1679.3.300 Hybrid ARQ revisited[] Protocol operation] 1689.3.41 In-sequence
deliveryd 1709.3.500 MAC-hs header[d] 1729.3.600 CQI and other means to assess the downlink quality] 1749.3.7
(0 Downlink control signalingl] HS-SCCHUI 1779.3.800 Downlink control signalingl] F-DPCH[I 1809.3.9

0 Uplink control signalingll] HS-DPCCHO 1801001 Enhanced Uplink[J 18510.100 Overview[] 18510.1.1
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[0 O The size and weight of the mobile terminals have been reduced dramatically during the past 20 years. The
standby and talk times have also been extended dramatically and the end users do not need to re-charge their
devices every day. Simple black-and-white [J or brown-and-gray[] numerical screens have evolved into color
screens capable of showing digital photos at good quality. Mega- pixel-capable digital cameras have been added
making the device more attractive to use. Thus, the mobile device has become a multi-purpose device, not only a
mobile phone for voice communications.[] O In parallel to the technical development of the mobile devices, the
mobile- communication technologies are developed to meet the demands of the new serv- ices enabled, and also to
enable them wireless. The development of the digital signal processors enables more advanced receivers capable of
processing mega- bits of data in a short time, and the introduction of the optical fibers enables high-speed network
connections to the base stations. In sum, this enables a fast access to information on the Internet as well as a short
roundtrip time for normal communications. Thus, new and fancier services are enabled by the technical
development of the devices, and new and more efficient mobile-communication systems are enabled by a similar
technical development.l] O 2.1.2 Services Delivering services to the end users is the fundamental goal of any
mobile- communication system. Knowing them, understanding them, managing them, and charging them
properly is the key for success. It is also the most difficult task being faced by the engineers developing the
mobile-communication system of the future. It is very difficult to predict what servicel] sCJ will be popular in a 5-
to 10-year perspective. In fact, the engineers have to design a system that can adapt to any service that might
become popular and used in the future. Unfortunately, there are also technical limitations that need to be
understood, and also the tech- nical innovations that in the future enable new services.[J [J 2.1.2.1[7J Internet and
IP technology The success of the Internet and the IP-based services delivered over the Internet is more and more
going wireless. This means that the mobile-communication systems are delivering more and more IP-based
services, from the best effort- Internet data to voice-over-1P, for example in the shape of push-to-tal] [0 k 0 PoC
O . Furthermore, in the wireless environment it is more natural to use, for exam- ple, location-based services and
tracking services than in the fixed environment.
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