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Preface

The commercial success of cellular mobile radio since
its initial implementation in the early 1980s has led to an intense interest among wireless engi-
necrs in understanding and predicting radio propagation characteristics within cities, and even
within buildings. In this book we discuss radio propagation with two goals in mind. The first is
to provide practicing engineers having limited knowledge of propagation with an overview of
the observed characteristics of the radio channel and an understanding of the process and factors
that influence these characteristics. The second goal is to serve as text for a master’s-level course
for students intending to work in the wireless industry. Books on modern wireless applications
typically survey the issues involved, devoting only one or two chapters to radio channel charac-
teristics, or focus on how the characteristics influence system performance. Now that the wire-
less field has grown in scope and size, it is appropriate that books such as this one examine in
gregter depth the various underlying topics that govern the design and operation of wireless sys-
tems. The material for this book has grown out of tutorials given by the author to engineering
professionals and a course on wireless propagation given by the author at Polytechnic University
as part of a program in wireless networks. It also draws upon the 15 years of experience the
author and his students have had in understanding and predicting propagation effects.

Cellular telephones gave the public an active role in the use of the radio spectrum as
opposed to the previous role of passive listener. This social revolation in the use of the radio
spectrum ultimately changed governmental views of its regulation. Driven by the requirement to
allow many users to operate in the same band, cellular telephones also created a technical revo-
lution through the concept of spectral reuse. Systems that do not employ spectral reuse avoid
interference by operating in different frequency bands and are limited in performance primarily
by noise. In these systems, lack of knowledge of the propagation conditions can be compensated
for by increasing the transmitted power, up to regulatory limits. In contrast, the concept-of spec-




tral reuse acknowledges that in commercially successful systems, interference from other users
will be the primary factor limiting performance. In designing these systems, it is necessary to
balance the desired signal for each user against interference from signals intended for other
users. Finding the balance requires knowledge of the radio channel characteristics. Chapter 1 is
intended to introduce the student reader to the concept of spectrum reuse and in the process to
give examples of how the propagation characteristics influence the balance between desired sig-
nal and interference, and thereby influence system design. As in all chapters, examples are dis-
cussed to illustrate the concepts, and problems are included at the end of the chapter to give the
students experience in applying the concepts.

In modem systems, the radio links are about 20 kilometers or less, the antennas that create
the links lie near to or among the buildings or even inside the buildings, and the wavelength is
small compared to the building dimensions. As a result, the channel characteristics are strongly
influenced by the buildings as well as by vegetation and terrain. In this environment, signals
propagate from one antenna to the other over multiple paths that involve the processes of reflec-
tion and transmission at walls and by the ground and the process of diffraction at building edges
and terrain obstacles. The multipath nature of the propagation makes itself felt in a variety of
ways that have challenged the inventiveness of communication engineers. Although initially a
strong limitation on channel capacity, engineers have begun to find ways to harness the multi-
path signals 30 as to achieve capacities that approach the theoretical limit. However, each new
concept for dealing with multipath calls for an even deeper understanding of the statistical char-
acteristics -of the radio channel. In Chapter 2 we describe many of the propagation effects that
have been-observed in various types of measurements, ranging from path loss for narrowband
signals, to angle of arrival and delay spread for wideband transmission. As in other chapters, an
extensive list of references is cited to aid the professional seeking a detailed understanding of
particular topics. For the student reader, this chapter serves as an introduction to the types of
measurements that are made, the methods used to process the data, and some of the statistical
approaches used to represent the results. Understanding the measurements, their processing, and
their representation also serves to guide the theoretical modeling described in subsequent
chapters.

The level of presentation assumes that the reader has had an undergraduate course in elec-
tromagnetics with exposure to wave concepts. The presentation does not attempt to derive the
propagation characteristics from Maxwell’s equations rigorously; rather, the goal isto avoid vec-
tor calculus, The reader’s background is relied on for acceptance of some wave properties; other
properties are motivated through heuristic arguments and from basic ideas, such as conservation
of power. For example, in Chapter 3 we start with the fundamental properties of plane waves and
call on the reader’s background in transmission lines when discussing reflection and transmis-
sion at the ground and walls. Wherever possible in this and following chapters, the theoretical
results are compared to measurements. Thus plane waves are used to model observed interfer-
ence effects, which are referred to as fast fading, and to model Doppler spreading. Plane wave

properties and conservation of power are used in Chapter 4 to justify the properties of spherical
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waves radiated by antennas and to motivate the ray description of reflection at material surfaces.
By accounting for these reflections, propagation on line-of-sight paths in urban canyons is mod-
eled. Circuit concepts are used to obtain the reciprocity of propagation between antennas, and to
derive expressions for path gain or loss.

Diffraction at building edges is an important process in wireless communications. It
allows signals to reach subscribers who would otherwise be shadowed by the buildings. Because
the reader is not expected to be familiar with this process, Chapter 5 explores diffraction in some
detail. For simplicity, the scalar form of the Huygens—Kirchhoff integral is use as a starting
point. We first use it to give physical meaning to the Fresnel ellipsoid about a ray, which is
widely employed in propagation studies to scale physical dimensions. The geometrical and uni-
form forms of the fields diffracted by an absorbing half screen are derived. In these expressions
we identify a universal component that applies to diffraction by any straight building edge or
corner and a diffraction coefficient whose specific form is dependent on the nature of the edge.
Diffraction coefficients for several types of edges and corners are given without derivation.
Using heuristic ray arguments, the results obtained for plane waves are generalized to spherical
waves radiated by antennas and to multiple edges. These results are cast in terms of path gain or
loss, which is convenient for wireless applications.

Chapter 6 formulates the problem of average path loss in residential environments in terms
of multiple diffraction past rows of buildings. Relying on the Huygens—Kirchhoff formulation,
the diffraction problem is solved for various ranges of base station and subscriber antenna
height. These results show how the frequency, average building height, and row separation influ-
ence the range dependence and height gain of the signal. This approach to diffraction is used in
Chapter 7 to investigate the effects of randomness in building construction on shadow fading.
Chapter 7 also makes use of diffraction to examine the effects of terrain and vegetation on the
average path loss.

Propagation predictions that make use of a geometrical description of individual buildings
are discussed in Chapter 8. Various ray-based models that incorporated the processes of reflec-
tion and diffraction at buildings have been developed to make such site-specific predictions.
Their accuracy has been evaluated primarily by comparing predictions against measurements of
the small area average received signal. However, the ray models have started to be used to pre-
dict higher-order channel statistics, such as time delay and angle spread, through Monte Carlo
simulations. This approach can generate values for the statistical descriptors of the radio channel
that are employed in advanced communication systems and show how these values depend on
the distribution of building size and shape in different cities.
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