
PREFACE

Regardless of the branch of science or engineering, theoreticians have always been
enamored with the notion of expressing their results in the form of closed-form
expressions. Quite often the elegance of the closed-form solution is overshadowed
by the complexity of its form and the difficulty in evaluating it numerically. In
such instances, one becomes motivated to search instead for a solution that is
simple in form and likewise simple to evaluate. A further motivation is that the
method used to derive these alternative simple forms should also be applicable in
situations where closed-form solutions are ordinarily unobtainable. The search for
and ability to find such a unified approach for problems dealing with the evaluation
of the performance of digital communication over generalized fading channels is
what provided the impetus to write this textbook, the result of which represents the
backbone for the material contained within its pages.

For at least four decades, researchers have studied problems of this type and
system engineers have used the theoretical and numerical results reported in the
literature to guide the design of their systems. While the results from the ear-
lier years dealt mainly with simple channel models, such as Rayleigh or Rician
multipath fading, the applications in more recent years have become increasingly
sophisticated, thereby requiring more complex models and improved diversity tech-
niques. Along with the complexity of the channel model comes the complexity of
the analytical solution that enables one to assess performance. With the mathe-
matical tools that were previously available, the solutions to such problems when
possible had to be expressed in complicated mathematical form that provided little
insight into the dependence of the performance on the system parameters. Surpris-
ingly enough, not until 1998 had anyone demonstrated a unified approach that not
only allows previously obtained complicated results to be simplified both analyti-
cally and computationally but also permits new results to be obtained for special
cases that heretofore resisted solution in a simple form. This approach was first
introduced to the public by the authors in a tutorial-style article that appeared in
the September 1998 issue of the IEEE Proceedings. Since that time, it has spawned
a large wave of publications on the subject in the technical journal and conference
literature, by both the authors and many others and, based on the variety of appli-
cations to which it has already been applied, will no doubt continue well into the
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new millennium. The key to the success of this approach relies on employing alter-
native representations of classic functions arising in the error probability analysis
of digital communication systems (e.g., the Gaussian 2-function1 and the Marcum
Q-function) in such a manner that the resulting expressions for various performance
measures such as average bit or symbol error rate are in a form that is rarely more
complicated than a single integral with finite limits and an integrand composed of
elementary (e.g., exponential and trigonometric) functions. By virtue of replacing
the conventional forms of the above-mentioned functions by their alternative rep-
resentations, the integrand will contain the moment generating function (MGF) of
the instantaneous fading SNR, and as such the unified approach is referred to as
the MGF-based approach.

The first edition of this book was aimed at collecting and documenting the huge
compendium of results contained in the myriad of contributions developed from
the MGF-based approach that had been reported until that time and, by virtue of
its unified notation and collocation in a single publication, would thereby be useful
to both students and researchers in the field. In 1999 the manuscript for the first
edition was submitted to the publisher. Since that time, a great deal of additional
significant work on the subject has been performed and reported on in the literature,
so much so that a second edition of the book is warranted and will be extremely
beneficial to these same researchers and students in bringing them up to date on
these new developments.

Perhaps the most significant of these new developments is the explosion of
interest and research that has taken place in the area of transmit diversity and space-
time coding and the associated multiple-input/multiple-output (MIMO) channel, a
subject that was briefly alluded to but not discussed in any detail in the first edition.
One of the key elements of the second edition is a comprehensive chapter on this
all-important subject that, in keeping with the main theme of the book, deals with
the performance evaluation aspects of such systems. The performance of MIMO
systems is also treated from other perspectives elsewhere in the text.

Aside from these developments, many new and exciting results have been devel-
oped by the authors as well as other researchers that (1) have led to new and
improved diversity schemes and (2) allow for the performance analysis of previ-
ously known schemes operating in new and different fading scenarios not discussed
in the first edition. A few of these developments are (1) new alternative forms for
classic mathematical functions such as the second-order Gaussian Q-function and
also higher powers of the first-order Gaussian Q-function; (2) improved diver-
sity schemes such as threshold and postdetection generalized selection combining,
switch-and-examine combining, and switch-and-wait combining; (3) new channel
fading models of interest in wireless and mobile applications; (4) new bounds on
system performance in the presence of fading; and (5) new mathematical results

lrThe Gaussian g-function Q (x) has a one-to-one mapping with the complementary error function [i.e.,
Q 0 ) = ^erfc lx/\/2j] commonly found in standard mathematical tabulations. In much of the engi-
neering literature, however, the two functions are used interchangeably, and as a matter of convenience
we shall do the same in this book.


