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Preface

Wireless systems have been around for quite some time, and their obvious use
in garage-door openers and cordless phones has gone unnoticed until recently.
Their unique capability of maintaining the same contact number even if the
user moves from one location to another has made them increasingly popular.
Wireless telephones are not only convenient but are also providing flexibility and
versatility. The introduction of affordably priced wireless and mobile telephones
has made them attractive for the general population woridwide. Thus, the
number of wireless phone subscribers and service providers has proliferated.

Wireless and mobile communications have found usefulness in areas such
as commerce, education, and defense. According to the nature of a particu-
lar application, they can be used in home-based and industrial systems or in
commercial and military environments. In a home-based system a central access
point communicates with various appliances and controls them using a localized
wireless node. This kind of system enables close coordination among appliances
in the home (or industry) and achieves control over the home (or industry) ac-
cess point using voice or a short message. To facilitate this, a consortium of
companies is working on the Bluetooth project. There are many novel applica-
tions of such a wireless system—for example, a bracelet worn by a subscriber
can constantly monitor body parameters and take action if needed (like inform-
ing the family physician about a health problem). However, the design and
implementation of such a system brings with it a lot of important issues, such
as standardization and infrastructure for Internet access, audio/video editing,
and distributed decision-making software.

In a commercial system, the common issues are the range of the system,
number of distribution infrastructure access points, number of users for each
access point, and so on. For instance, we need to have several access points
uniformly distributed in each floor of a factory so that users have continuous
access to them. But this gives rise to problems such as appropriate coordination
of channels between access points and channel bandwidth requirements. Any
loss of information (voice or data packet) in wireless switching is unacceptable;
hence care should be taken to ensure the reliable transmission and reception of
information.

Wireless systems, such as the traditional infrastructure system, satellite sys-
tem, or the more recent ad hoc networks formed by mobile users, have tremen-
dous potential when used in defense applications. Ad hoc networks involve

xiii
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information transfer in the peer-to-peer mode, but we have to deal with the
problem of power consumption for a wide coverage area. Other problems in-
volve channel allocation based on address, traffic types (voice, video, data, or
audio), mobility pattern, and routing techniques.

The wireless technology also has influenced instructional infrastructure at
many institutions. Carnegie Mellon University has taken the lead in creating
a campus-wide wireless network. Steps have also been taken at the University
of Cincinnati by installing wireless access points at several selected buildings
and by enforcing a rule that all incoming engineering undergraduates have lap-
tops with wireless capability. Similar phenomenon can be observed across the
country at different organizations. Within engineering, computer, and informa-
tion science disciplines, communication technology recently has advanced at an
unparalleled speed. In particular, combinations of wireless communication and
computer technologies have revolutionized the world of telecommunications. To
explore and utilize this new technology, universities need to offer new courses
and train students in the field so that they can continue their graduate work in
this area. However, students in computer science and engineering (CSE) and
electrical engineering (EE) are, at best, exposed to data communication, while
wireless communication systems remain untouched; it is difficult to learn about
wireless technology without having a substantial background in communications
technology. On the other hand, EE students learn about radio frequency (RF)
communication only; data communication and computing system issues and
their correlation in nomadic, seamless computing remain untouched.

Although there are many books related to wireless and mobile communica-
tions, these books can be classified into two groups. The first group focuses on
readers in the RF communication field, and the second covers only the general
knowledge of data communication and is designed for sales agents and managers.
The books in the first group require a detailed background in RF communica-
tion and signal processing and, therefore, are not suitable for students in CSE.
Many recent texts emphasize microwave radar and sensor systems. However,
books in the second group do not provide any depth in the data communication
aspects of wireless technology. Many institutions do offer courses in the wireless
and mobile networking area, primarily for graduate students, but then only as
special topics. Most of these courses are EE types with many prerequisite EE
courses. Thus, most undergraduate seniors in CSE are deprived of exposure to
wireless and mobile communications. In addition, most existing books are tai-
lored toward RF communications and antenna design aspects of the technology,
making them difficult to use for CSE students.

Dharma Agrawal envisioned the need for this book when he spent all his
sabbatical five years earlier with AT&T Laboratory. After joining the University
of Cincinnati in the autumn of 1998, he started offering an introductory-level
course in the wireless and mobile systems area to upper-level undergraduate
and entering graduate students. Agrawal primarily used an old textbook, self-
prepared notes, and some recent papers. Qing-An Zeng joined the University
of Cincinnati in 1999 and helped organize the course. He noticed the need
to develop class notes so that CSE students, with a limited communications
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background, could understand the subject matter. This led to the foundation
of this textbook. The designed course complements the RF communications
background of EE students.

Creating such a unique instructional curriculum requires a great deal of ef-
fort. Planning such a text is a relatively difficult task because of the diverse
background requirements. The limitations of most existing books and courses
affects the wireless industries in the United States. Companies must train newly
hired college graduates for a long time before they can get into the wireless in-
dustry. To the best of our knowledge, such an organized course has not been
taught anywhere in the United States or the world. Teaching the introductory
course strictly from research papers is difficult for the professor, which in turn
causes students to learn the material inefficiently. Preparing systematic notes
in this emerging area will enhance student training, increase the availability of
well-educated personnel, shorten the new employee training period within in-
dustries, encourage students to do graduate work in this area, and allow nations
to continue to advance the research in this technological field.

This book explains how wireless systems work, how mobility is supported,
how infrastructure underlies such systems, and what interactions are needed
among different functional components. It is not our intention to cover various
existing wireless technologies, the chronological history behind their develop-
ment, or the work being carried out, but to make EE and CSE students under-
stand how a cell phone starts working as soon as you get out of an airplane.
We have selected chapter topics that focus on qualitative descriptions and re-
alistic explanations of relationships between wireless systems and performance
parameters. The chapters are organized as follows:

Chapter 1:  Introduction

Chapter 2:  Probability, Statistics, and Traffic Theories
Chapter 3:  Mobile Radio Propagation
Chapter 4:  Channel Coding

Chapter 5:  The Cellular Concept

Chapter 6:  Multiple Radio Access

Chapter 7@  Multiple Division Techniques
Chapter 8:  Channel Allocation

Chapter 9:  Mobile Communication Systems
Chapter 10: Existing Wireless Systems
Chapter 11: Satellite Systems

Chapter 12: Network Protocols

Chapter 13: Ad Hoc and Sensor Networks
Chapter 14: Wireless LANs and PANs
Chapter 15: Recent Advances

Mathematical formulations are needed in engineering and computer science
work, and we include some of the important concepts so that students can ap-
preciate their usefulness in numerous wireless and mobile systems. In all these
applications, both security and privacy issues are important. Both ad hoc and
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sensor networks are finding increased use in military and commercial applica-
tions, so detailed discussions are included. The introduction of the Bluetooth
standard allows easy replacement of connector cables with wireless devices and
is discussed in detail. Recent advances are covered in the last chapter, with
emphasis on the research work being carried out in the wireless and mobile
computing area, even though a comprehensive discussion is beyond the scope of
this book. In the questions at the end of each chapter, special effort has been
made to explore potential uses of the various technologies. Depending on avail-
ability of time (especially for undergraduates), students should be encouraged to
use one of the simulators (ns, OPNET, or other stable simulators) to get a feel
for overall system complexity. A list of possible group simulation projects is in-
cluded as an Appendix B. The authors have tried such projects for several years
and have found them highly effective in training students. Many undergraduates
have also used them as their follow-up, year-long capstone design project.

This book is written both for academic institutions and for working profes-
sionals. It can be used as a textbook for a one-semester or a one-quarter course.
The book also can be used for training current or new employees and could be
adopted for short-term training courses. The chapters are organized to provide
a great deal of flexibility; emphasis can be given to different chapters, depending
on the scope of the course and the instructor’s own interests or emphasis. The
following are some suggestions for undergraduate students:

o For a one-quarter system, Chapter 15 can be skipped and the project
could be optional for extra credit. Chapters 2, 10, 11, 13, and 14 can be
covered in brief. Chapter 7 on modulation techniques could be skipped,
as well.

e For a one-semester system, Chapter 15 can be skipped. Chapters 2 and
10 can be covered briefly, or Chapter 2 could be used for self-study and a
simplified version of the project could be assigned.

In this textbook, we have tried to provide an overview of the basic principles
behind wireless technology and its associated support infrastructure. We hope
that we have been able to achieve our goal of helping students and others working
in this area to have a basic knowledge about this exciting technology. Our efforts
will not go to waste if we are able to accomplish this to some extent.

Dharma Prakash Agrawal
Qing-An Zeng
Cincinnati
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