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CHAPTER 1

Introduction to Wireless
Communication Systems

The ability to communicate with people on the move has evolved remarkably since Guglielmo
Marconi first demonstrated radio’s ability to provide continuous contact with ships sailing the English
Channel. That was in 1897, and since then new wireless communications methods and services have been
enthusiastically adopted by people throughout the world. Particularly during the past ten years, the mobile
radio communications industry has grown by orders of magnitude, fueled by digital and RF circuit
fabrication improvements, new large-scale circuit integration, and other miniaturization technologies which
make portable radio equipment smaller, cheaper, and more reliable. Digital switching techniques have
facilitated the large scale deployment of affordable, easy-to-use radio communication networks. These trends
will continue at an even greater pace during the next decade.

1.1 Evolution of Mobile Radio Communications

A brief history of the evolution of mobile communications throughout the world is useful in order to
appreciate the enormous impact that cellular radio and Personal Communication Services (PCS) will have on
all of us over the next several decades. It is also useful for a newcomer to the cellular radio field to
understand the tremendous impact that government regulatory agencies and service competitors wield in the
evolution of new wireless systems, services, and technologies. While it is not the intent of this text to deal
with the techno-political aspects of cellular radio and personal communications, techno-politics are a
fundamental driver in the evolution of new technology and services, since radio spectrum usage is controlled
by governments, not by service providers, equipment manufacturers, entrepreneurs, or researchers.
Progressive involvement in technology development is vital for a government if it hopes to keep its own

country competitive in the rapidly changing field of wireless personal communications.

Wireless communications is enjoying its fastest growth period in history, due to enabling technologies
which permit widespread deployment. Historically, growth in the mobile communi- cations field has come
slowly, and has been coupled closely to technological improvements. The ability to provide wireless
communications to an entire population was not even conceived until Bell Laboratories developed the
cellular concept in the 1960s and 1970s [Nob62], [Mac79], [You79]. With the development of highly reliable,
miniature, solid-state radio frequency hardware in the 1970s, the wireless communications era was bom. The

recent exponential growth in cellular radio and personal communication systems throughout the world is
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14 Chapter 1- Introduce to Mobile Communication System

directly attributable to new technologies of the 1970s, which are mature today. The future growth of
consumer-based mobile and portable communication systems will be tied more closely to radio spectrum
allocations and regulatory decisions which affect or support new or extended services, as well as to consumer
needs and technology advances in the signal processing, access, and network areas.

The following market penetration data show how wireless communications in the consumer sector has
grown in popularity. Figure 1.1 illustrates how mobile telephony has penetrated our daily lives compared
with other popular inventions of the 20th century. Figure 1.1 is a bit misleading since the curve labeled
"mobile telephone” does not include nontelephone mobile radio applications, such as paging, amateur radio,
dispatch, citizens band (CB), public service, cordless phones, or terrestrial microwave radio systems. In fact,
in 1990, licensed noncellular radio systems in the U.S. had over 12 million users, more than twice the U.S.
cellular user popu- lation at that time [FCC91]. With the phenomenal growth of wireless subscribers in the
late 1990s, combined with Nextel's novel business approach of purchasing private mobile radio licenses for
bundling as a nationwide commercial cellular service, today's subscriber base for cellular and Personal
Communication Services (PCS) far outnumbers all noncellular licensed users. Figure 1.1 shows that the first
35 years of mobile telephony saw little market penetration due to high cost and the technological challenges
invb]ved, but how, in the past decade, wireless communications has been accepted by consumers at rates
comparable to television and the video cassette recorder.

By 1934, 194 municipal police radio systems and 58 state police stations had adopted amplitude
modulation (AM) mobile communication systems for public safety in the U.S. It was estimated that 5,000
radios were installed in mobiles in the mid 1930s, and vehicle ignition noise was a major problem for these
early mobile users [Nob62]. In 1935, Edwin Armstrong demonstrated frequency modulation (FM) for the
first time, and since the late 1930s, FM has been the primary modulation technique used for mobile
communication systems throughout the world. World War II accelerated the improvements of the world's
manufacturing and miniaturization capabilities, and these capabilities were put to use in large one-way and
two-way consumer radio and television systems following the war. The number of U.S. mobile users climbed
from several thousand in 1940 to 86,000 by 1948, 695,000 by 1958, and about 1.4 million users in 1962 f
Nob62]. The vast majority of mobile users in the 1960s was not connected to the public switched telephone
network (PSTN), and thus was not able to directly dial telephone numbers from their vehicles. With the
boom in CB radio and cordless appliances such as garage door openers and telephones, the number of users
of mobile and portable radio in 1995 was about 100 million, or 37 of the U.S. population. Research in 1991
estimated between 25 and 40 million cordless telephones were in use in the U.S. {Rap91c], and this number
is estimated to be over 100 million as of late 2001. The number of worldwide cellular telephone users grew
from 25,000 in 1984 to about 25 million in 1993 [Kuc91), [Goo%1], [ITU94), and since then
subscription-based wireless services have been experiencing customer growth rates well in excess of 50 per
year. As shown in Chapter 2, the worldwide subscriber base of cellular and PCS subscribers is approximately
630 million as of late 2001, compared with approximately 1 billion wired telephone lines. In the first few
years of the 21st century, it is clear there will be an equal number of wireless and conventional wireline
customers throughout the world! At the beginning of the 21st century, over 1 of the worldwide wireless
subscriber population had already abandoned wired telephone service for home use, and had begun to rely



