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Preface

The next-generation wireless broadband technology is changing the way
we work, live, learn, and communicate through effective use of state-
of-the-art mobile broadband technology. The packet-data-based revolu-
tion started around 2000 with the introduction of 1x Evolved Data Only
(1XxEV-DO) and 1x Evolved Data Voice (IxEV-DV) in 3GPP2 and High
Speed Downlink Packet Access (HSDPA) in 3GPP. The wireless broad-
band fourth-generation technology (4G) is an evolution of the packet-
based 3G system and provides a comprehensive evolution of the
Universal Mobile Telecommunications System specifications so as to
remain competitive with other broadband systems such as 802.16e
(WiMAX). Specification work was started in late 2004 on Long Term
Evolution (LTE) of the UMTS Terrestrial Radio Access and Radio Access
Network intended for commercial deployment in 2010. Two main com-
ponents constitute the LTE system architecture — the Evolved Universal
Terrestrial Radio Access Network (E-UTRAN) and the Evolved Packet
Core (EPC). The goals for the evolved system (E-UTRAN and EPC)
included support for improved system capacity and coverage, high peak
data rates, low latency, reduced operating costs, multi-antenna support,
flexible bandwidth operations, and seamless integration with existing
systems. The standardization work for LTE Rel-8 was completed in early
2009 and commercial LTE systems will be deployed in the 20112012
timeframe. LTE Rel-8 is currently evolving to LTE-Advanced (LTE Rel-9
and Rel-10), which will further improve the spectral efficiency, peak rates,
and user experience compared with LTE Rel-8. LTE-Advanced has also
been approved by the International Telecommunication Union (ITU) as an
International Mobile Telecommunications-Advanced (IMT-A) technology.

The book is organized in seven chapters. Chapter 1 gives a timeline and
brief description of the evolution of digital wireless technology starting
with GSM, IS-95, cdma2000 1x, WCDMA Rel-99, HSPA (Rel-5/6),

xi
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WiMAX, LTE, LTE-Advanced, and 802.16m with emphasis on how
supported data rates, throughput, and applications have evolved.
Chapter 2 provides a brief description of LTE requirements and system
architecture together with the basic principles of orthogonal frequency-
division multiple-access (OFDMA) and single-carrier frequency-division
multiple-access (SC-FDMA) technology. Chapter 3 dives into the basic
details of LTE downlink OFDMA transmission including transport and
physical-channel structure, control-channel details, system operations, and
inter-cell interference coordination schemes both for FDD (Frequency-
Division Duplex) and for TDD (Time-Division Duplex) LTE. Aspects of
downlink system performance under various channels and antenna structure
are summarized at the end of the chapter.

Chapter 4 provides the details of LTE uplink transport and physical-
channel structure, control-channel details, random access, system opera-
tions, and fractional power control followed by uplink system performance
under various channels and antenna configurations. The LTE system offers
a rich suite of multiple-antenna techniques that can be used in various
scenarios to improve the performance and user experience. Chapter 5
describes various multi-antenna schemes for LTE downlink and uplink
and provides a system-performance comparison of various multi-antenna
schemes. Chapter 6 is devoted to technologies for LTE-Advanced (LTE-A).
The chapter describes the requirements for IMT-A and how LTE-A will
satisfy those requirements using enhanced technologies. The technologies
include support of wider bandwidth using carrier aggregation, uplink
spatial multiplexing, enhanced downlink spatial multiplexing, coordinated
multiple-point transmission and reception, and heterogeneous networks
including relays, distributed antenna systems, and pico-cells. Aspects of
the system performance of these enhancements are presented and compared
with the performance of the legacy LTE system.

Finally, Chapter 7 provides a comparison of LTE/LTE-A with other
competitive broadband systems such as 802.16e/802.16m. As the name
signifies, this chapter outlines both qualitative and quantitative differences
between the 802.16¢/802.16m (WiMAX) system and the LTE/LTE-A
system. System performance comparisons between these systems are pre-
sented for various reuse schemes and antenna configurations.



PREFACE Xiii

At the time of writing, there are ongoing discussions within the oper-
ator and vendor community regarding further evolution of LTE-A tech-
nology. These enhancements will appear in Rel-11 and Rel-12 of 3GPP
and will offer better user experience, lower cost per bit, greener base
stations, and efficient self-organizing networks.
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1 Genesis of wireless broadband
technology (from 2G to 4.5G)

1.1 Genesis of wireless technology

The digital cellular technology revolution started with the introduction of
GSM (Groupe Special Mobile) in the late 1980s. The GSM technology was
based on time-division multiple access (TDMA) and was capable of support-
ing data services of up to 9.6 kbps. In the early 1990s, IS-95, a standard based
on code-division multiple-access (CDMA) technology was introduced. This
offered data rates of up to 14.4 kbps and improved spectral efficiencies over a
GSM system. Subsequently, both these technologies evolved over time, with
each phase offering higher peak rates and improved sector/edge spectral
efficiencies. Both GSM and 1S-95 CDMA evolved in different phases. In
1997, the Generalized Packet Radio System (GPRS) based on packet data
instead of circuit data was standardized, followed by Enhanced Data Rates
for Global Evolution (EDGE). Also, at the end of 1998, the Third-Generation
Partnership Project (3GPP) was started. This was responsible for defining a
third-generation (3G) wideband CDMA (WCDMA) standard based on the
evolved GSM core network. At the same time the GSM standardization work
was moved from ETSI SMG2 to 3GPP, and was called GERAN. Similarly, in
the United States the IS-95 standard evolved to cdma2000 under the umbrella
of Third-Generation Partnership Project 2 (3GPP2).

The packet-data-based revolution started around 2000 with the introduc-
tion of cdma2000 1x Evolved Data Only (1xEV-DO) and 1x Evolved Data
Voice (1xEV-DV) in 3GPP2 and High Speed Downlink Packet Access
(HSDPA) in 3GPP. These 3.5G technologies had the following common
attributes: adaptive modulation and coding, hybrid automatic repeat
request, fast scheduling based on smaller frame size, turbo codes, and
de-centralized architecture to reduce latency. In the next phase of develop-
ment of 3.5G technology, improved uplink functionality was added to 3GPP
and 1XxEV-DO systems. Concurrently, advances were made in cdma2000 1x
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technology (i.e. cdma 1x-advanced), which included an advanced vocoder,
mobile receive diversity, an advanced receiver with interference cancella-
tion, and advanced power control. It may be noted that, although 1XEV-DV
was standardized, it never took off as a technology due to the reluctance of
the operator community to adopt the technology and the absence of proper
eco-systems.

A disruptive technology known as mobile WiMAX based on orthog-
onal frequency-division multiplexing (OFDM) technology was standar-
dized in 2006, and was dubbed the first 4G multiple access system. This
technology was based on the IEEE 802.16e standard and offered scalable
bandwidth up to 20 MHz, higher peak rates, and better spectral efficien-
cies than those provided by 3.5G systems. With the emergence of packet-
based wireless broadband systems such as WiMAX, it was evident that a
comprehensive evolution of UMTS would be required in order for it to
remain competitive in the long term. As a result, work began on Evolved
UMTS Terrestrial Radio Access (E-UTRA) based on the OFDM air
interface. The Long Term Evolution (LTE Rel-8) system supports high
peak data rates and provides low latency, improved system capacity and
coverage, reduced operating costs, efficient multi-antenna support, effi-
cient support for packet data transmission, flexible bandwidth of up to 20
MHz, and seamless integration with existing systems. The CDMA-based
HSPA technology is also being enhanced to support quad carriers (band-
width up to 20 MHz), MIMO, and higher-order modulation both on the
downlink and on the uplink. A 4G proposal called Ultra Mobile
Broadband (UMB) based on OFDM was also adopted by 3GPP2, but it
failed to make any impact.

Both WiMAX and LTE are currently being enhanced (LTE-Advanced
and 802.16m) so as to support even higher peak rates, higher throughput
and coverage, and lower latencies resulting in a better user experience.
Further, LTE-Advanced and 802.16m also enable one to meet or exceed
IMT-Advanced requirements. Finally, the 4.5G wireless broadband sys-
tems will be standardized in 3GPP Rel-12 in the 2013-2017 timeframe. It
is clear that 4.5G systems will further enhance the 4G systems in terms of
user experience, sector spectral efficiency, and peak rates, but the exact
features for 4.5G systems are still being decided.
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The Digital Video Broadcasting (DVB) standards, which include
Mediaflow and Multimedia Broadcast Multicast Service (MBMS)
designed for LTE and HSPA, for global delivery of broadcast services
such as digital television are also evolving to provide better spectral
efficiencies for broadcast services.

The wireless evolution chart of 2G to 4.5G technology migration is
shown in Figure 1.1.

The downlink peak rate improvement on going from 2G to 4.5G
technology is shown in Table 1.1.

The improvement in downlink sector spectral efficiencies on going
from 2G to 4.5G systems is shown in Figure 1.2.

It may be observed from Figure 1.2 that there has been an
improvement by a factor of 30 in sector spectral efficiency with 4G
systems compared with 2G, which results in improved cost per bit.
Figure 1.3 shows an example of how mobile broadband cost per bit
decreases exponentially with technology innovation in wireless
technology.

10 kbps 10-100 100-15000 kbps ~150 Mbps >1 Gbps
1990 1994-1996 2000-2005 2006—2012 2013-2017
1992 1996-2001 2002-2008 2007-2012 2014

1 2 3 IEEE 4 4 . 5
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Figure 1.1. Standards evolution of wireless technologies (from 2G to 4.5G).



