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The comprehensive, up-to-date guide to wideband digital wireless
communication methods Edited by Andreas F. Molisch, with contributions from
George Chrisikos, Savo Glisic, Alois M. J. Goiser, Brian Hart, Aarne Mammela,
Thomas May, Andreas F. Molisch, Hermann Rohling, Desmond Taylor, Giorgio
Vitetta, and Moe Z. Win. Wideband digital wireless systems are poised for
enormous growth, driven by wireless Internet access and other compelling
applications. In Wideband Wireless Digital Communications, Andreas F.
Molisch has brought together the field's leading contributorsin atimely,
thorough guide to the state of the art. This book offers comprehensive technical
explanations and comparisons of every leading wireless wideband approach used
in today's systems, as well as those for the new third-generation systems such as
UMTS, CDMA-2000, and HIPERLANZ2, and features an extensive
bibliography.Coverage includes. *Key datafor the air interface of leading digital
wireless systems, including GSM, 1S-95, and 1S-54 * Unequalized systems:
transmitter and receiver models, computation methods and performance of
standard modulation methods, advanced modulation formats, adaptive sampling,
and antenna diversity * Equalization: channel description methods, optimum
decision rules (maximum likelihood sequence detection, maximum a-posteriori
bit and symbol detectors, matched filter bound), and equalization algorithms
(Viterbi algorithm, reduced-complexity ML SD, decision feedback equalizers,
linear equalizers, diversity) * Orthogona Frequency Division Multiple Access
(OFDM): basic transmission/reception techniques; shaping of basic pulses;
timing and carrier frequency synchronization; modulation/demodulation; coding;
and peak-to-average reduction techniques * CDMA.; design, standard and
advanced Rake receiver structures, code acquisition/tracking, channel estimation,
and capacity issues Next-generation wideband wirel ess systems present
unprecedented challenges at every stage of the design process. With Wideband
Wireless Digital Communications, engineers and other technical professionals
have a single comprehensive resource for solving these problems-and delivering
systems with optimal performance and capacity.
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Editorial Review

From the Author

"Wideband" wireless communications are those where the time dispersion, i.e. the existence of echoes with
different delays, plays amarked role. Practically all existing and future wireless systems are wideband in this
sense, so that the treatment of time dispersion is one of the most important aspects of wireless engineering.

However, arange of different methods have been devel oped to deal with time dispersion: unequalized
systems, equalizersfor TDMA systems, Rake receivers for CDMA systems, and multicarrier modulation
OFDM. While they all have the same aim, the actual methods are quite different. We thus agreed that ateam
of authors, each being a specialist in one of the above-mentioned four fields, was the only way to treat those
different methods at a high level.

In al these different fields, there has been intensive research, and thus there is a bewildering amount of
different methods and papers. One main purpose of this book isto bring order into that, and present the
different methods in a systematic way. To give but one example, Part 111 (equalizers), presents a new
classification of equalizer structures that is based on the question of whether the channel impulse response is
measured, estimated, or averaged over.

Thus, work started three years ago, with countless hours of sifting through the literature, and continued until
the production of the book in the fall of 2000. We also added an introductory part, which contains some key
data describing the air interface of existing systems. However, our approach is not to give a"recipe" for the
simulation of existing systems. Rather, we are concentrating on the underlying science, which can then be
applied to both existing and future systems. We hope to have succeeded in producing avolume that allows
the interested reader to extract alot of relevant information, to help him decide what approaches and
methods to use in the future, and which provides a useful research reference.

From the Inside Flap
Outline

After the introductory focusin this part, the rest of this book covers (i) unequalized systems, (ii) equalizers,
(iii) OFDM, and (iv) Rake receivers. All these four parts are self-contained, so they can be read in arbitrary
sequence.

PART Il - UNEQUALIZED SY STEMS by Malisch discusses those systems at the boundary between
wideband and narrowband where the time dispersion is smaller, but not much smaller, than the symbol
duration (dlightly time-dispersive systems) and do not contain equalizers. Typically, those systems were
originally designed as true narrowband systems, where it later turned out that under some circumstances time
dispersion can play arole, or where equalizers were simply too expensive.

After abrief introduction, Chapter 7 gives a generic system description for both transmitter and receiver. The
most important modulation formats, namely, phase-shift keying, quadrature amplitude modulation, and
continuous-phase frequency shift keying are described mathematically, together with the standard detection
methods (coherent, differentially coherent, and incoherent).

Chapter 8 then describes various mathematical methods for computing the bit error probability (BER) of
unequalized systems under the influence of time-dispersive signals. Although most textbooks on mobile
radio describe the standard approach for flat-fading, namely, first computing the BER for AWGN channels



and then averaging over the distribution of channel attenuation, this approach is no longer possible for time-
dispersive channels. Methods that circumvent these problems are, e.g., based on certain properties of
guadratic forms of Gaussian variables, probability density functions of the angles between Gauss-distributed
vectors, or the group delay distributions of the channel. Unfortunately, none of these can be considered to be
amaster approach that is optimum for all possible cases. Methods based on Gaussian variables are usually
the simplest but always require the channel to be Rayleigh- or Rice-fading, and encounter problems, e.g., in
Nakagami channels. Within this group, the method based on quadratic forms can most easily include
arbitrary time dispersion but cannot easily be extended to multilevel modulation formats, e.g., A -ary PSK,
which can be better treated by pdfs of Gaussian vectors or the two-path equivalent matrix method. Chapter 8
describes the different methods in sufficient detail for the reader to judge what is needed to solve a specific
problem, but details are covered only in afew examples.

Closed-form equations and figures of the performance of standard systems are the contents of Chapter 9. The
influence of modulation format, delay spread, shape of the power delay profile, sasmpling instant, and other
parameters are presented.

In Chapter 10, the author describes special modulation formats and receiver structures that are used for the
reduction of 1SI-induced errors (error floor). Some modulation formats try to actually exploit the time
dispersion and thus approach the performance of an equalized system in atime-dispersive environment. The
penalty paid for this approach liesin a higher bandwidth requirement, which precludes these formats from
application in cellular systems, but the technique might be interesting for wireless LANs and cordless
applications.

Some receiver structures, on the other hand, try just to reduce the error floor by eliminating the ISl before
detection, thus making the performance comparable to atrue flat-fading channel. These stay within the
framework of standard modulation formats and thus usually have only a penalty in the form of a slightly
more complex receiver structure (but still much simpler than an equalizer). A technique that aso has these
properties is adaptive sampling, more exactly, the adaptive choice of the sampling instant according to the
channel constellation. Adaptive sampling is described in Chapter 11.

Chapter 12 describes antenna diversity. Although antenna diversity is usually known to reduce noise-induced
errors, it was aso shown to be an effective countermeasure for 1Sl-induced errors. After a description of the
different ways to combine the diversity signals, the mathematical methods of Chapter 8 are modified to
include the diversity effects. Those methods are useful not only for conventional multidimensional diversity,
but also for the performance of Rake receivers, since these use the time-delayed echoes of the original signal
as diversity signals that are combined with maximum-ratio combining. Subsequently, the performance with
the diversity antennasis presented in some examples. A summary (Chapter 13) concludes this part.

PART Il - EQUALIZERS by Vitetta, Hart, Mammela, and Taylor focuses on the equalization techniques for
single-carrier, unspread digital signals transmitted over multipath fading channels and is organized as
described below.

Some preliminary topics are presented in Chapter 14, where the mathematical models of the transmitted
signal and of the wireless channel areillustrated. An optimal receiver must not discard useful information
present in the continuous time received signal; digital processing, however, is an inevitable requirement of
any modern receiver. Therefore, filtering and discretizing of the received signal are discussed. Notations for
the various scalar and matrix quantities needed in the remainder of the Part are given; in particular, matrix
representations for the received signal samples are provided to simplify the derivation of equalization
algorithms. Finally, reduced complexity channel models, i.e., parsimonious representations or
parameterizations of the channel impulse response, are introduced to simplify the channel estimation



problem and the equalizer design. In particular, the authors focus on the Karhunen-L oeve expansion, on the
complex exponential parameterization, and on the power series models.

Any equalization algorithm processes the received signal, producing a set of real quantities, known as
metrics, that are evaluated by the receiver to make decisions on the transmitted data. In Chapter 15 we
derive, interpret and analyze the performance of the metrics computed by optimal detectors under the
assumption that the CIR (or some equivalent quantity) is known, estimated, or averaged over for the doubly
selective wireless channel and its specia cases: the frequency-flat and frequency-sel ective channels. Both the
maximum likelihood (ML) and maximum a posteriori (MAP) methods are discussed as optimality criteria,
and their application to bits, symbols and sequences of symbolsisillustrated. In particular MAP bit detectors
(MAPBDs), MAP symboal detectors (MAPSDs) and ML sequence detectors (ML SDs) are considered. In
addition, performance bounds for both the ML and MAP detectors are provided; they represent useful tool to
assess their error performance in some situations.

In Chapter 16, we describe various equalization algorithms corresponding to different ways of implementing
the computation of the derived metrics, ranging from optimal to highly suboptimal. Again the primary
division into sectionsisrelated to how the CIR is treated. Within each section, the structure, complexity, and
performance measures of each type of equalizer are described. In particular, in Section 16.1 we begin by
assuming that the CIR is known exactly a priori, and we derive five important classes of equalizers: MLSDs,
MAPSDs and MAPBDs, reduced complexity sequence detectors, decision feedback equalizers (DFEs), and
linear equalizers (LEs). The aim of Section 16.2 istwofold. First, we show some mathematical tools for
channel estimation and we discuss blind equalization techniques. Secondly, we illustrate equalization
techniques incorporating channel estimation strategies, like adaptive MLSDs and adaptive
MAPBD/MAPSDs. Adaptive LEs and DFEs and pilot-based detection techniques for frequency-flat fading
channels are also considered. Equalization when the CIR is averaged-over isinvestigated in Section 16.3.
MLSDs and MAPSDs are developed and are related to their adaptive counterparts. Finally, various
equalization/detection strategies for FF fading channels areillustrated.

PART IV - OFDM by May and Rohling describes orthogonal frequency division multiple access (OFDM),
also known as multicarrier modulation. Chapter 17 introduces OFDM and describesiits historical evolution.
Chapter 18 describes the basic transmission/reception technique, both in atime-continuous formul ation that
isintuitively appealing and in atime-discrete formulation that illuminates the important relation to discrete
Fourier transforms. The shaping of the basic pulsesis discussed. In a conventional system, rectangular pulses
are used as a basis for constructing the total signal, but this might not be optimum in dispersive channels.
Chapter 19 then treats frame, timing, and carrier frequency synchronization.

Chapters 20 and 21 are devoted to modulation and demodulation. Many aspects are identical to those of
single-carrier systems, but there are al so some specific points that are unique to OFDM systems. W

From the Back Cover
The comprehensive, up-to-date guide to wideband digital wireless communication methods

Edited by Andreas F. Molisch, with contributions from George Chrisikos, Savo Glisic, Alois M. J. Goiser,
Brian Hart, Aarne Mammela, Thomas May, Andreas F. Molisch, Hermann Rohling, Desmond Taylor,
Giorgio Vitetta, and Moe Z. Win.

Wideband digital wireless systems are poised for enormous growth, driven by wireless Internet access and
other compelling applications. In Wideband Wireless Digital Communications, Andreas F. Molisch has
brought together the field's leading contributors in atimely, thorough guide to the state of the art. This book
offers comprehensive technical explanations and comparisons of every leading wireless wideband approach



used in today's systems, as well as those for the new third-generation systems such as UM TS, CDMA-2000,
and HIPERLAN2, and features an extensive bibliography. Coverage includes:

- Key datafor the air interface of leading digital wireless systems, including GSM, 1S-95, and |S-54

- Unequalized systems: transmitter and receiver models, computation methods and performance of standard
modulation methods, advanced modulation formats, adaptive sampling, and antenna diversity

- Equalization: channel description methods, optimum decision rules (maximum likelihood sequence
detection, maximum a-posteriori bit and symbol detectors, matched filter bound), and equalization
agorithms (Viterbi algorithm, reduced-complexity ML SD, decision feedback equalizers, linear equalizers,
diversity)

- Orthogonal Frequency Division Multiple Access (OFDM): basic transmission/reception techniques,
shaping of basic pulses; timing and carrier frequency synchronization; modulation/demaodul ation; coding;
and peak-to-average reduction techniques

- CDMA: design, standard and advanced Rake receiver structures, code acquisition/tracking, channel
estimation, and capacity issues

Next-generation wideband wireless systems present unprecedented challenges at every stage of the design
process. With Wideband Wireless Digital Communications, engineers and other technical professionals have
asingle comprehensive resource for solving these problems—and delivering systems with optimal
performance and capacity.

Users Review
From reader reviews:
Donna Kerns:

This Wideband Wireless Digital Communications usually are reliable for you who want to certainly be a
successful person, why. The key reason why of this Wideband Wireless Digital Communications can be one
of many great books you must have is usually giving you more than just simple studying food but feed a
person with information that maybe will shock your earlier knowledge. This book is handy, you can bring it
almost everywhere and whenever your conditions both in e-book and printed people. Beside that this
Wideband Wireless Digital Communications giving you an enormous of experience including rich
vocabulary, giving you trial of critical thinking that we understand it useful in your day activity. So, let's
haveit and revel in reading.

James Furlow:

Are you kind of active person, only have 10 or perhaps 15 minute in your day time to upgrading your mind
ability or thinking skill actually analytical thinking? Then you have problem with the book in comparison
with can satisfy your small amount of time to read it because this time you only find e-book that need more
time to be study. Wideband Wireless Digital Communications can be your answer because it can be read by
an individual who have those short spare time problems.



Dani€el Love:

This Wideband Wireless Digital Communications is completely new way for you who has curiosity to look
for some information given it relief your hunger info. Getting deeper you into it getting knowledge more you
know or perhaps you who still having bit of digest in reading this Wideband Wireless Digital
Communications can be the light food for you personally because the information inside that book is easy to
get through anyone. These books build itself in the form and that is reachable by anyone, yes| meanin the e-
book type. People who think that in guide form make them feel tired even dizzy this publication is the
answer. So thereisno in reading a guide especialy this one. Y ou can find what you are looking for. It should
be here for an individual. So, don't miss this! Just read this e-book style for your better life and also
knowledge.

Sherrie Bearddey:

Asapupil exactly feel bored to help reading. If their teacher questioned them to go to the library or even
make summary for some e-book, they are complained. Just very little students that has reading's internal or
rea their passion. They just do what the trainer want, like asked to the library. They go to there but nothing
reading significantly. Any students feel that reading is not important, boring in addition to can't see colorful
photos on there. Y eah, it is to be complicated. Book is very important for you personaly. Aswe know that
on this period of time, many waysto get whatever we really wish for. Likewise word says, ways to reach
Chinese's country. So , this Wideband Wireless Digital Communications can make you truly feel more
interested to read.
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