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MANSOOR SHAFI, SHIGEAKI OGOSE, and KEITH BUTTERWORTH

1.1 HISTORY OF MOBILE RADIO COMMUNICATIONS

More than a century ago, in 1898, Lord Kelvin asked Guglielmo Marconi to send a
message on his wireless telegraph. This was to become the world's first commercial
wireless telegram. Since then, due to the efforts of many notable scientists and organiza-
tions [1], radio is an essential part of our daily lives today. Applications such as, audio and
video broadcasting, fixed and mobile communication systems, radar, radio navigation
systems, and so on are almost taken for granted.

This book focuses on a part of radio communications—the area of mobile commu-
nications. Mobile (wireless communications) consists of a communication system where at
least one user is on the move. Mobile systems may have a terrestrial component and/or a
satellite component. Our focus here is largely on the terrestrial component.

Today, wireless communications have captured the love of the media. Articles on this
subject often appear in the worldwide daily newspapers. Numerous trade conferences and
seminars, and so on are frequently held on this subject worldwide. Each year, the IEEE
sponsors conferences for the ICC, GlobeCom, VTC, PIMRC, ICUPC which focus on
mobile communications. It is almost impossible to keep track of the technical journals and
magazines, symposia, and so on concerning this subject. It is clear, therefore, that wireless
communications are by any measure, one of the most rapidly growing segment of the
telecommunications market.

The first mobile radio systems were introduced by the military and were limited only to
voice communication systems [2]. The handsets provided very poor voice quality, low talk
time (typically some tens of minutes), low stand-by time (at most, a couple of hours) and
were rather bulky in size. The first public cellular phone system, known as AMPS, was
introduced in 1979 in the United States [3]. This was followed shortly by the introduction
of the NMT systems in Scandinavia and the TACS and NAMTS systems in the UK and
Japan, respectively. In Europe, there was a plethora of country-specific systems each being
totally different from the other. These first-generation systems were based on analog FM.
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In the 1990s, second-generation mobile systems, such as GSM, PDC, IS-54 (now
succeeded by IS-136), and IS-95 systems were introduced (see [4] Cox for a table of
characteristics of the second-generation systems and also the dedicated chapters of [5]).
All these systems are now commercially successful and deployed in many parts of the
world—more than 110 countries with subscriber numbers reaching in excess of 400
million [6].

1.2 TELECOMMUNICATION NEEDS FOR THE 2 1 S T CENTURY

Present day telecommunication services are dominated by voice. The public switched
telephone network (PSTN)—almost taken for granted today—was built on the "Field of
Dreams" concept; "if we build it, they will come" and they (subscribers) came, indeed. As
we move to the next millennium, telecommunication needs of tomorrow are less clear.
Telecommunication operators worldwide are hypothesizing and forecasting the telecom-
munication needs of the 21st Century. A few observations may be made [7]:

• The world is becoming a global village with the advent of satellite communications,
CNN, and the Internet;

• Communications will involve the concurrent use of various modes (voice, data,
video): multimedia communications;

• Information, and therefore bandwidth needs, are exponentially increasing; and
• People want to be free from tethers: physical connection to the networks.

Regardless of the difficulties in forecasting tomorrow's needs, operators are considering
the introduction of networks to support the introduction of broadband services (with no
limit on the numerical value defining the word "broad"). Access to the Internet and the
World Wide Web is growing rapidly; this has the potential to significantly change the
sociology of work and personal lives.

The demand for mobility continues to surpass all forecasts and prove them wrong.
Many industry practitioners believe that by the year 2005, the number of mobile phones
worldwide will exceed 1 billion (equivalent to one phone per four persons). The mobile
network will undoubtedly continue to provide voice-based services but also provide a
slimmed-down version of all the fixed network capability

Wireless Internet access presents formidable challenges to industry practitioners and
researchers. The wireless systems of today are not really designed to provide high-speed
access (and that too via an end-to-end packet network). Mobile wireless data applications
may be categorized in the increasing order of complexity [8]:

Simple Messaging: Text messaging is already available today on almost all second-
generation mobile systems. Data speeds of 9.6 or 14.4 kbps are required.

Basic Access to Internet: Such as, downloading weather, stocks, and news, and so on.
Already these features are becoming available via Wireless Application Protocol
(WAP)-capable. The i-mode service in Japan has in excess of 12 million customers
and permits low-cost access to e-mail services and other Web content customized for
i-mode.
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Network-Enhanced Applications: These will require interaction with the network and
the user. A high degree of network intelligence is required. Examples are various
location-sensitive services. The data rate requirement for these services are expected
to vaiy from modest (lOkbps) to many tens of kbps.

Secure Communications: A number of applications will require secure access to
corporate LANs, electronic commerce, and so on. These applications may need
high bandwidth access and may require the data be encrypted.

Advanced Access to Internet: Considerable enhanced Internet access encompassing
high-speed data access—many hundred of kbps over an end-to-end packetized
network. Voice over IP (VoIP) would also be available at this stage.

1.3 DATA RATE ROAD MAP TO 3G

The wireless systems are all evolving to provide broadband data rate capability besides
voiced. Table 1.1 lists the maximum data rates per user that are achieved by the various
technologies under ideal conditions. When user numbers increase, and if all the users share
the same carrier, the data rate per user will decrease. New services that utilize the data
speed capability (e.g., internet-based services, video services, location-based services) are
going to provide a significantly broader and enhanced range of services in a mobile
environment, besides just voice.

1.4 MOBILE NETWORKS OF TOMORROW

Architecture

In order to provide broadband multimedia communications, mobile networks are aiming to
support bit rates up to 384 kbps and further up to 2Mbps [9]. The International
Telecommunications Union has just approved the detailed specifications of IMT-2000, a
family of radio interfaces that will provide the high data rates [10]. Standards for systems
beyond IMT-2000 are also currently being drafted by ITU-R WP 8K Wireless ATM is
aiming to provide tens of Mbps per user in limited mobility (5-10km/h) environments
[9,11]; mainly for portable computing and multimedia devices.

In order to realize the multimedia aspect of the communications in a cost-effective
manner, one needs to examine if the present day networks are built around a suitable
architecture. The architecture of today's mobile networks shown in Fig. 1.1 is optimized
for voice and is based on the principle of circuit-switched calls with separate packet-
switched data components handling data calls. This means that:

• The radio resources in the air interface are maintained throughout the call regardless
of the state of activity on the call.

• Voice calls are processed by the mobile services switching center (MSC) that also
performs mobility management and radio resource management functions.

• Interconnection with the PSTN is via the MSC.
• Subscriber management is done via the HLR/VLR (location registers).
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FIGURE 1.1 Architecture of today's mobile voice and data cellular networks.

• Data calls are handled by separate packet-switched data components which enable
connectivity to the desired source of data—say, an ISP or connection to the packet
data network.

• There is little ability for the operator to control the quality of service (QoS) for a
particular application.

Telecom operators worldwide have on the average 3 ^ parallel networks that are
optimized for a specific application, such as the PSTN is used for voice and enhanced
services, the mobile network is used for mobile services, there may be a data network, a
network for video services, or a network for Internet services, and so on. All these
networks have their own interfaces, protocols, management, and support systems. Such a
vast overlay of parallel networks clearly results in high costs.

To support multimedia communications, a session may concurrently consist of calls
involving the various independent constituent networks. Each of the calls may also have a
different QoS. This could be quite cumbersome and expensive to realize on present-day
networks.

There are two dominant core network footprints in the world today. These are ANSI-41
and GSM-MAP and their respective enhancements. The architecture of BVIT-2000 systems
proposed is based around the respective enhancements of ANSI-41 or GSM-MAP.

The IP has the advantage of seamlessly interconnecting dissimilar networks into a
global integrated network by offering a common interface to higher protocol layers. Also,
the Internet is now rapidly expanding its domain to include new media and networks—
wireless media and wireless networks are no exception! Therefore, IP offers a low-cost
way of integrating the present legacy networks, introducing new capabilities, and enabling
multimedia communications. Systems beyond the present versions of EvIT-2000 [10] are
based on existing or evolving Internet Engineering Task Force (IETF) protocols [12]. The
architecture of these systems is based on a common IP core network that is independent of
access technology and will provide end-to-end IP services and will work with both legacy
core networks and the PSTN.

The architecture of a future generation mobile voice and data cellular network is shown
in Fig. 1.2. This network consists of a common IP core network supporting multiple IMT-
2000 wireless technologies—in this case cdma2000 and Universal Mobile Telecommuni-
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