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33.1 Introduction

Wireless data services and systems represent a steadily growing and increasingly important segment
of the communications industry. While the wireless data industry is becoming increasingly diverse,
one can identify two mainstreams that relate directly to users’ requirement for data services. On one
hand, there are requirements for relatively low-speed data services provided to mobile users over wide
geographical areas, as provided by private mobile data networks and by data services implemented on
common-carrier cellular telephone networks. On the other hand, there are requirements for high-
speed data services in local areas, as provided by cordless private branch exchange (PBX) systems and
wireless local area networks (LANSs), as well as by the emerging personal communications services
(PCS). Wireless LANs are treated in Chapter 32. In this chapter we mainly address wide-area wireless
data systems, commonly called mobile data systems, and briefly touch upon data services to be
incorporated into the emerging digital cellular systems.

Mobile data systems provide a wide variety of services for both business users and public safety
organizations. Basic services supporting most businesses include electronic mail, enhanced paging,
modem and facsimile transmission, remote access to host computers and office LANs, information
broadcast services and, increasingly, Internet access. Public safety organizations, particularly law-
enforcement agencies, are making increasing use of wireless data communications over traditional
VHF and UHF radio dispatch networks, over commercial mobile data networks, and over public
cellular telephone networks. In addition, there are wireless services supporting vertical applications
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that are more or less tailored to the needs of specific companies or industries, such as transaction
processing, computer-aided delivery dispatch, customer service, fleet management, and emergency
medical services. Work currently in progress to develop the national Intelligent Transportation
System (ITS) includes the definition of a wide array of new traveler services, many of which will be
supported by standardized mobile data networks.

Much of the growth in use of wireless data services has been spurred by the rapid growth of the
paging service industry and increasing customer demand for more advanced paging services, as well
as the desire to increase work productivity by extending to the mobile environment the suite of
digital communications services readily available in the office environment. There is also a desire
to make more cost-efficient use of the mobile radio and cellular networks already in common use
for mobile voice communications by incorporating efficient data transmission services into these
networks. The services and networks that have evolved to date represent a variety of specialized
solutions and, in general, they are not interoperable with each other. As the wireless data industry
expands, there is an increasing demand for an array of attractively priced standardized services
and equipment accessible to mobile users over wide geographic areas. Thus, we see the growth of
nationwide privately operated service networks as well as new data services built upon the first and
second generation cellular telephone networks. The implementation of PCS networks in the 2-GHz
bands as well as the eventual implementation of third generation (3G) wireless networks will further
extend this evolution.

Inthis chapter we describe the principal existing and evolving wireless data networks and the related
standards activities now in progress. We begin with a discussion of the technical characteristics of
wireless data networks.

33.2 Characteristics of Wireless Data Networks

From the perspective of the data user, the basic requirement for wireless data service is convenient,
reliable, low-speed access to data services over a geographical area appropriate to the user’s pattern of
daily business operation. By low speed we mean data rates comparable to those provided by standard
data modems operating over the public switched telephone network (PSTN). This form of service
will support a wide variety of short-message applications, such as notice of electronic mail or voice
mail, as well as short file transfers or even facsimile transmissions that are not overly lengthy. The
user’s requirements and expectations for these types of services are different in several ways from
the requirements placed on voice communication over wireless networks. In a wireless voice service,
the user usually understands the general characteristics and limitations of radio transmission and is
tolerant of occasional signal fades and brief dropouts. An overall level of acceptable voice quality is
what the user expects. In a data service, the user is instead concerned with the accuracy of delivered
messages and data, the time-delay characteristics of the service network, the ability to maintain service
while traveling about, and, of course, the cost of the service. All of these factors are dependent on
the technical characteristics of wireless data networks, which we discuss next.

33.2.1 Radio Propagation Characteristics

The chief factor affecting the design and performance of wireless data networks is the nature of radio
propagation over wide geographic areas. The most important mobile data systems operate in various
land—-mobile radio bands from roughly 100 to 200 MHz, the specialized mobile radio (SMR) band
around 800 MHz, and the cellular telephone bands at 824-894 MHz. In these frequency bands,
radio transmission is characterized by distance-dependent field strength, as well as the well-known
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effects of multipath fading, signal shadowing, and signal blockage. The signal coverage provided by a
radio transmitter, which in turn determines the area over which a mobile data receiving terminal can
receive a usable signal, is governed primarily by the power—distance relationship, which gives signal
power as a function of distance between transmitter and receiver. For the ideal case of single-path
transmission in free space, the relationship between transmitted power P, and received power P, is
given by

P./P, = G,G,()/4nd)? (33.1)

where G; and G, are the transmitter and receiver antenna gains, respectively, d is the distance between
the transmitter and the receiver, and A is the wavelength of the transmitted signal. In the mobile
radio environment, the power-distance relationship is in general different from the free-space case
just given. For propagation over an Earth plane at distances much greater than either the signal
wavelength or the antenna heights, the relationship between P, and P, is given by

P,/Pi = G,G, (hihg/d“) (33.2)

where /1 and ki are the transmitting and receiving antenna heights. Note here that the received power
decreases as the fourth power of the distance rather than the square of distance seen in the ideal free-
space case. This relationship comes from a propagation model in which there is a single signal
reflection with phase reversal at the Earth’s surface, and the resulting received signal is the vector sum
of the direct line-of-sight signal and the reflected signal. When user terminals are deployed in mobile
situations, the received signal is generally characterized by rapid fading of the signal strength, caused
by the vector summation of reflected signal components, the vector summation changing constantly
as the mobile terminal moves from one place to another in the service area. Measurements made by
many researchers show that when the fast fading is averaged out, the signal strength is described by
a Rayleigh distribution having a log-normal mean. In general, the power-distance relationship for
mobile radio systems is a more complicated relationship that depends on the nature of the terrain
between transmitter and receiver.

Various propagation models are used in the mobile radio industry for network planning purposes,
and a number of these models are described in [1]. Propagation models for mobile communications
networks must take account of the terrain irregularities existing over the intended service area. Most
of the models used in the industry have been developed from measurement data collected over various
geographic areas. A very popular model is the Longley—Rice model [8, 14]. Many wireless networks
are concentrated in urban areas. A widely used model for propagation prediction in urban areas is
one usually referred to as the Okumura—Hata model [4, 9].

By using appropriate propagation prediction models, one can determine the range of signal cov-
erage for a base station of given transmitted power. In a wireless data system, if one knows the
level of received signal needed for satisfactory performance, the area of acceptable performance can,
in turn, be determined. Cellular telephone networks utilize base stations that are typically spaced
1-5 mi apart, though in some mid-town areas, spacings of 1/2 mi or less are now being used. In
packet-switched data networks, higher power transmitters are used, spaced about 5-15 mi apart.

An important additional factor that must be considered in planning a wireless data system is the
in-building penetration of signals. Many applications for wireless data services involve the use of
mobile data terminals inside buildings, for example, for trouble-shooting and servicing computers
on customers’ premises. Another example is wireless communications into hospital buildings in
support of emergency medical services. It is usually estimated that in-building signal penetration
losses will be in the range of 15-30 dB. Thus, received signal strengths can be satisfactory in the
outside areas around a building but totally unusable inside the building. This becomes an important
issue when a service provider intends to support customers using mobile terminals inside buildings.
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One important consequence of the rapid fading experienced on mobile channels is that errors
tend to occur in bursts, causing the transmission to be very unreliable for short intervals of time.
Another problem is signal dropouts that occur, for example, when a data call is handed over from one
base station to another, or when the mobile user moves into a location where the signal is severely
attenuated. Because of this, mobile data systems employ various error-correction and error-recovery
techniques to insure accurate and reliable delivery of data messages.

33.3 Market Issues

There are two important trends that are tending to propel growth in the use of wireless data services.
Thefirstisthe rapidly increasing use of portable devices such as laptop computers, pen-pads, notebook
computers, and other similar devices. Increasingly, the laptop or notebook computer is becoming
a standard item of equipment for traveling professional or business person, along with the cellular
telephone and pager. Thistrend has been aided by the steady decrease in prices, increases in reliability,
and improvements in capability and design for such devices. The second important trend tending to
drive growth inwireless data services is the explosive growth in the use of the Internet. Asorganizations
become increasingly reliant upon the Internet for their everyday operations, they will correspondingly
want their employees to have convenient access to the Internet while travelling, just as they do in the
office environment. Wireless data services can provide the traveler with the required network access
in many situations where wired access to the public network is impractical or inconvenient. Mobile
data communication services discussed here provide a solution for wireless access over wide areas.
Recent estimates of traffic composition indicate that data traffic now accounts for less than 1% of the
traffic on wireless networks, compared to 50% for wireline networks. Therefore, the potential for
growth in the wireless data market is seen to be enormous.

33.4 Modem Services Over Cellular Networks

A simple form of wireless data communication now in common use is data transmission using
modems or facsimile terminals over analog cellular telephone links. In this form of communication,
the mobile user simply accesses a cellular channel just as he would in making a standard voice call
over the cellular network. The user then operates the modem or facsimile terminal just as would
be done from office to office over the PSTN. A typical connection is shown in Fig. 33.1, where
the mobile user has a laptop computer and portable modem in the vehicle, communicating with
another modem and computer in the office. Typical users of this mode of communication include
service technicians, real estate agents, and traveling sales people. In this form of communication,
the network is not actually providing a data service but simply a voice link over which the data
modem or fax terminal can interoperate with a corresponding data modem or fax terminal in the
office or service center. The connection from the mobile telephone switching office (MTSO) is a
standard landline connection, exactly the same as is provided for an ordinary cellular telephone call.
Many portable modems and fax devices are now available in the market and are sold as elements of
the so-called “mobile office” for the traveling business person. Law enforcement personnel are also
making increasing use of data communication over cellular telephone and dispatch radio networks
to gain rapid access to databases for verification of automobile registrations and drivers’ licenses.
Portable devices are currently available that operate at transmission rates up to 9.6 or 14.4 kb/s.
Error-correction modem protocols such as MNP-10, V.34, and V.42 are used to provide reliable
delivery of data in the error-prone wireless transmission environment.

In another form of mobile data service, the mobile subscriber uses a portable modem or fax
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FIGURE 33.1: Modem operation over an analog cellular voice connection.
terminal as already described but now accesses a modem provided by the cellular service operator as

part of a modem pool, which is connected to the MTSO. This form of service is shown in Fig. 33.2.
The modem pool might provide the user with a choice of several standard modem types. The call
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FIGURE 33.2: Cellular data service supported by modem pools in the network.

connection from the modem pool to the office is a digital data connection, which might be supported
by any of a number of public packet data networks, such as those providing X.25 service. Here, the
cellular operator is providing a special service in the form of modem pool access, and this service
in general carries a higher tariff than does standard cellular telephone service, due to the operator’s
added investment in the modem pools. In this form of service, however, the user in the office or
service center does not require a modem but instead has a direct digital data connection to the
desk-top or host computer.

Each of the types of wireless data transmission just described is in effect an appliqué onto an
underlying cellular telephone service and, therefore, has limitations imposed by the characteristics
of the underlying voice-circuit connection. That is, the cellular segment of the call connection is a
circuit-mode service, which might be cost effective if the user needs to send long file transfers or fax
transmissions but might be relatively costly if only short messages are to be transmitted and received.
This is because the subscriber is being charged for a circuit-mode connection, which stays in place
throughout the duration of the communication session, even if only intermittent short message
exchanges are needed. The need for systems capable of providing cost-effective communication of
relatively short message exchanges led to the development of wireless packet data networks, which
we describe next.
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33.5 Private Data Networks

Here we describe three packet data networks that provide mobile data services to users in major
metropolitan areas of the United States.

33.5.1 ARDIS

ARDIS is a two-way radio service developed as a joint venture between IBM and Motorola and first
implemented in 1983. In mid-1994, IBM sold its interest in ARDIS to Motorola and early in 1998
ARDIS was acquired by the American Mobile Satellite Corporation. The ARDIS network consists
of four network control centers with 32 network controllers distributed through 1250 base station
in 400 cities in the U.S. The service is suitable for two-way transfers of data files of size less than
10 kilobytes, and much of its use is in support of computer-aided dispatching, such as is used by field
service personnel, often while they are on customers’ premises. Remote users access the system from
laptop radio terminals, which communicate with the base stations. Each of the ARDIS base stations
is tied to one of the 32 radio network controllers, as shown in Fig. 33.3. The backbone of the network
is implemented with leased telephone lines. The four ARDIS hosts, located in Chicago, New York,
Los Angeles, and Lexington, KY, serve as access points for a customer’s mainframe computer, which
can be linked to an ARDIS host using async, bisync, SNA, or X.25 dedicated circuits.

Four Network Control Centers

Network Network Network
Controller Controller sesssccce Controller
1 2 32%

o (= 3

IBSI ,BS

IBS] IBS!

* Additional network controllers
can be installed

FIGURE 33.3: ARDIS network architecture.

The operating frequency band is 800 MHz, and the RF links use separate transmit and receive
frequencies spaced by 45 MHz. The system was initially implemented with an RF channel data
rate 4800 b/s per 25-kHz channel, using the MDC-4800 protocol. In 1993 the access data rate was
upgraded to 19.2 kb/s, using the RD-LAP protocol, which provides a user data rate of about 8000 b/s.
In the same year, ARDIS implemented a nationwide roaming capability, allowing users to travel
between widely separated regions without having to preregister their portable terminals in each new
region. The ARDIS system architecture is cellular, with cells overlapped to increase the probability
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that the signal transmission from a portable transmitter will reach at least one base station. The
base station power is 40 W, which provides line-of-sight coverage up to a radius of 10-15 miles. The
portable unitsoperate with 4 W of radiated power. The overlapping coverage, combined with designed
power levels, and error-correction coding in the transmission format, insures that the ARDIS can
support portable communications from inside buildings, as well as on the street. This capability for
in-building coverage is an important characteristic of the ARDIS service. The modulation technique
is frequency-shift keying (FSK), the access method is frequency division multiple access (FDMA),
and the transmission packet length is 256 bytes.

Although the use of overlapping coverage, almost always on the same frequency, provides reliable
radio connectivity, it poses the problem of interference when signals are transmitted simultaneously
from two adjacent base stations. The ARDIS network deals with this by turning off neighboring
transmitters, for 0.5-1 s, when an outbound transmission occurs. This scheme has the effect of
constraining overall network capacity.

The laptop portable terminals access the network using a random access method called data sense
multiple access (DSMA) [11]. A remote terminal listens to the base station transmitter to determine
if a “busy bit” is on or off. When the busy bit is off, the remote terminal is allowed to transmit. If two
remote terminals begin to transmit at the same time, however, the signal packets may collide, and
retransmission will be attempted, as in other contention-based multiple access protocols. The busy
bit lets a remote user know when other terminals are transmitting and, thus, reduces the probability
of packet collision.

33.5.2 MOBITEX

The MOBITEX system is a nationwide, interconnected trunked radio network developed by Ericsson
and Swedish Telecom. The first MOBITEX network went into operation in Sweden in 1986, and
networks have either been implemented or are being deployed in 22 countries. A MOBITEX oper-
ations association oversees the open technical specifications and coordinates software and hardware
developments [6]. In the U.S., MOBITEX service was introduced by RAM Mobile Data in 1991.
In 1992 Bell South Enterprises became a partner with RAM. Currently, RAM Mobile Data is a sub-
sidiary of Bell South Corporation and operates under the name Bell South Wireless Data, LP. The
Bell South MOBITEX service now covers over 90% of the U.S. urban business population with about
2000 base stations, and it provides automatic “roaming” across all service areas. By locating its base
stations close to major business centers, the system provides a degree of in-building signal coverage.
Although the MOBITEX system was designed to carry both voice and data service, the U.S. and
Canadian networks are used to provide data service only. MOBITEX is an intelligent network with
an open architecture that allows establishing virtual networks. This feature facilitates the mobility
and expandability of the network [7, 12].

The MOBITEX network architecture is hierarchical, as shown in Fig. 33.4. At the top of the
hierarchy is the network control center (NCC), from which the entire network is managed. The
top level of switching is a national switch (MHX1) that routes traffic between service regions. The
next level comprises regional switches (MHX2s), and below that are local switches (MOXs), each of
which handles traffic within a given service area. At the lowest level in the network, multichannel
trunked-radio base stations communicate with the mobile and portable data sets. MOBITEX uses
packet-switching techniques, as does ARDIS, to allow multiple users to access the same channel at
the same time. Message packets are switched at the lowest possible network level. If two mobile users
in the same service area need to communicate with each other, their messages are relayed through
the local base station, and only billing information is sent up to the network control center.

The base stations are laid out in a grid pattern using the same frequency reuse rules as are used
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FIGURE 33.4: MOBITEX network architecture.

for cellular telephone networks. In fact, the MOBITEX system operates in much the same way as
a cellular telephone system, except that handoffs are not managed by the network. That is, when
a radio connection is to be changed from one base station to another, the decision is made by the
mobile terminal, not by a network computer as in cellular telephone systems.

To access the network, a mobile terminal finds the base station with the strongest signal and
then registers with that base station. When the mobile terminal enters an adjacent service area,
it automatically re-registers with a new base station, and the user’s whereabouts are relayed to the
higher level network nodes. This provides automatic routing of messages bound for the mobile user,
a capability known as roaming. The MOBITEX network also has a store-and-forward capability.

The mobile units transmit at 896 to 901 MHz and the base stations at 935 to 940 MHz. The base
stations use a trunked radio design employing 2 to 30 radio channels in each service area. The system
uses dynamic power setting, in the range of 100 mW-10 W for mobile units and 100 mW-4 W for
portable units. The Gaussian minimum shift keying (GMSK) modulation technique is used, with
BT = 0.3 and noncoherent demodulation. The transmission rate is 8000 b/s half-duplex in 12.5-
kHz channels, and the service is suitable for file transfers up to 20 kilobytes. The MOBITEX system
uses a proprietary network-layer protocol called MPAK, which provides a maximum packet size of
512 bytes and a 24-b address field. Forward-error correction, as well as retransmissions, are used
to ensure the bit-error-rate quality of delivered data packets. Fig. 33.5 shows the packet structure
at various layers of the MOBITEX protocol stack. The system uses the reservation-slotted ALOHA
(R-S-ALOHA) random access method.
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FIGURE 33.5: MOBITEX packet and frame structure at three layers of the protocol stack.

33.5.3 Ricochet Network

The Ricochet network is a wide-area wireless data network developed and operated by Metricom, Inc.,
headquartered in Los Gatos, California. Ricochet Network service is currently available in the greater
San Francisco Bay Area, Seattle, and Washington, D.C. as well a number of university campuses,
schools, and corporate campuses. Metricom plans to expand the service to other metropolitan areas
as well. Ricochet is a spread-spectrum, frequency-hopping design, operating in an unlicensed band,
the 902-928 MHz industrial, scientific, and medical (ISM) band. The Ricochet network employs
shoebox-sized radio transceivers, called microcell radios, which are typically mounted on street light
poles or utility poles. Each microcell unit accesses electric power from the street light itself, or
from adjacent power lines, and is otherwise a self-contained unit. Each microcell radio employs
162 frequency-hopping channels and uses a randomly selected hopping sequence. This allows many
subscribers to use the network simultaneously.

The microcell radios are typically installed every 1/4 to 1/2 mi in a regular geometric pattern. A
mobile subscriber using a Ricochet modem accesses any of the microcell radios with data packets, and
the packets are routed from one microcell radio to another by means of an efficient routing protocol.
Within a 20 sq mi radius containing approximately 100 microcell radios, the network has a wired
access point (WAP) that collects the radio packets and formats them for transmission over a wired
IP network backbone through a T1 frame relay connection. Each WAP and the microcell radios that
communicate with it can support thousands of subscribers.

Data packets transmitted by a Ricochet modem can be routed to another Ricochet modem or to
one of a number of gateways that allow subscribers to access other services. The current network
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design includes gateways to the Internet, to the PSTN, to an X.25 network, and to corporate Intranets
and LANs. The current Ricochet network design provides user data rates up to about 128 kb/s, and
higher data rates are being planned.

33.6 Cellular Data Networks and Services

33.6.1 Cellular Digital Packet Data (CDPD)

The cellular digital packet data (CDPD) system was designed to provide packet data services as an
overlay onto the existing analog cellular telephone network, which is called advanced mobile phone
service (AMPS). CDPD was developed by IBM in collaboration with the major cellular carriers.
Any cellular carrier owning a license for AMPS service is free to offer its customers CDPD service
without any need for further licensing. A basic concept of the CDPD system is to provide data
services on a noninterfering basis with the existing analog cellular telephone services using the same
30-kHz channels. This is accomplished in either of two ways. First, one or a few AMPS channels in
each cell site can be devoted to CDPD service. Second, CDPD is designed to make use of a cellular
channel that is temporarily not being used for voice traffic and to move to another channel when the
current channel is assigned to voice service. In most of the CDPD networks deployed to date, the
fixed-channel implementation is being used.

The compatibility of CDPD with the existing cellular telephone system allows it to be installed
in any AMPS cellular system in North America, providing data services that are not dependent on
support of a digital cellular standard in the service area. The participating companies issued release
1.0 of the CDPD specification in July 1993, and release 1.1 was issued in late 1994 [2]. At this writing
(mid-1998), CDPD service is implemented in many of the major market areas in the U.S. Typical
applications for CDPD service include: electronic mail, field support servicing, package delivery
tracking, inventory control, credit card verification, security reporting, vehicle theft recovery, traffic
and weather advisory services, and a wide range of information retrieval services.

Although CDPD cannot increase the number of channels usable in a cell, it can provide an overall
increase in user capacity if data customers use CDPD instead of voice channels. This capacity
increase results from the inherently greater efficiency of a connectionless packet data service relative
to a connection-oriented service, given bursty data traffic. That is, a packet data service does not
require the overhead associated with setup of a voice traffic channel in order to send one or a few
data packets. In the following paragraphs we briefly describe the CDPD network architecture and
the principles of operation of the system. Our discussion follows [13], closely.

The basic structure of a CDPD network (Fig. 33.6) is similar to that of the cellular network
with which it shares transmission channels. Each mobile end system (M-ES) communicates with a
mobile data base station (MDBS) using the protocols defined by the air-interface specification, to
be described subsequently. The MDBSs are typically collocated with the cell equipment providing
cellular telephone service to facilitate the channel-sharing procedures. All of the MDBSs in a service
area are linked to a mobile data intermediate system (MD-IS) by microwave or wireline links. The
MD-I1S provides a function analogous to that of the mobile switching center (MSC) in a cellular
telephone system. The MD-1S may be linked to other MD-ISs and to various services provided
by end systems outside the CDPD network. The MD-IS also provides a connection to a network
management system and supports protocols for network management access to the MDBSs and
M-ESs in the network.

Service endpoints can be local to the MD-IS or remote, connected through external networks. A
MD-IS can be connected to any external network supporting standard routing and data exchange
protocols. A MD-IS can also provide connections to standard modems in the PSTN by way of
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FIGURE 33.6: Cellular digital packet data network architecture.

appropriate modem interworking functions (modem emulators). Connections between MD-ISs
allow routing of data to and from M-ESs that are roaming, that is, operating in areas outside their
home service areas. These connections also allow MD-ISs to exchange information required for
mobile terminal authentication, service authorization, and billing.

CDPD employs the same 30-kHz channelization as used in existing AMPS cellular systems through-
out North America. Each 30-kHz CDPD channel supports channel transmission ratesup to 19.2 kb/s.
Degraded radio channel conditions, however, will limit the actual information payload throughput
rate to lower levels, and will introduce additional time delay due to the error-detection and retrans-
mission protocols.

The CDPD radio link physical layer uses GMSK modulation at the standard cellular carrier fre-
quencies, on both forward (base-to-mobile) and reverse (mobile-to-base) links. The Gaussian pulse-
shaping filter is specified to have bandwidth-time product B, T = 0.5. The specified B,T product
assures a transmitted waveform with bandwidth narrow enough to meet adjacent-channel interfer-
ence requirements, while keeping the intersymbol interference small enough to allow simple demod-
ulation techniques. The choice of 19.2 kb/s as the channel bit rate yields an average power spectrum
that satisfies the emission requirements for analog cellular systems and for dual-mode digital cellular
systems.

The forward channel carries data packets transmitted by the MDBS, whereas the reverse channel
carries packets transmitted by the M-ESs. In the forward channel, the MDBS forms data frames by
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adding standard high level data link control (HDLC) terminating flags and inserted zero bits, and
then segments each frame into blocks of 274 b. These 274 b, together with an 8-b color code for MDBS
and MD-IS identification, are encoded into a 378-b coded block using a (63, 47) Reed—Solomon code
over a 64-ary alphabet. A 6-b synchronization and flag word is inserted after every 9 code symbols.
The flag words are used for reverse link access control. The forward link block structure is shown in
Fig. 33.7.

One block: 378 bits (63 symbols) of Reed-Solomon encoded data + 42 control bits
= 420 bits per 21.875 ms

I(— 21.875 ms ——)I

A A A A A A A

6-bit control flags: 5 bits of Forward Sync Word XOR'd with
5-bit Busy/Idle flag + 1 bit of 7-bit Decode Status flag

FIGURE 33.7: Cellular digital packet data forward link block structure.

In the reverse channel, when an M-ES has data frames to send, it formats the data with flags
and inserted zeros in the same manner as in the forward link. That is, the reverse link frames are
segmented and encoded into 378-b blocks using the same Reed-Solomon code as in the forward
channel. The M-ES may form up to 64 encoded blocks for transmission in a single reverse channel
transmission burst. During the transmission, a 7-b transmit continuity indicator is interleaved into
each coded block and is set to all ones to indicate that more blocks follow, or all zeros to indicate that
this is the last block of the burst. The reverse channel block structure is shown in Fig. 33.8.

Reverse Sync Word Continuity Indicator
22 bits 14 bits

Dotting
S;(éu;l:sce i( 378 bits of R-S encoded data ————)' '(——an block

Continuity Indicator

/ 14 bits
Last block | Power ramp-down
Single reverse-channel block transmission & 20 bit-times
=472 bitsper2458ms eeeeces
including dotting sequence and power ramp-down

FIGURE 33.8: Cellular digital packet data reverse link block structure.

The media access control (MAC) layer in the forward channel is relatively simple. The receiving
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M-ES removes the inserted zeros and HDLC flags and reassembles data frames that were segmented
into multiple blocks. Frames are discarded if any of their constituent blocks are received with
uncorrectable errors.

On the reverse channel (M-ES to MDBS), access control is more complex, since several M-ESs
must share the channel. CDPD uses a multiple access technique called digital sense multiple access
(DSMA), which is closely related to the carrier sense multiple access/collision detection (CSMA/CD)
access technique.

The network layer and higher layers of the CDPD protocol stack are based on standard I1SO and
Internet protocols. The CDPD specification stipulates that there be no changes to protocols above the
network layer of the seven-layer ISO model, thus insuring the compatibility of applications software
used by CDPD subscribers.

The selection of a channel for CDPD service is accomplished by the radio resource management
entity in the MDBS. Through the network management system, the MDBS is informed of the channels
in its cell or sector that are available either as dedicated data channels or as potential CDPD channels
when they are not being used for analog cellular service, depending on which channel allocation
method is implemented. For the implementation in which CDPD service is to use “channels of
opportunity,” there are two ways in which the MDBS can determine whether the channels are in use.
If a communication link is provided between the analog system and the CDPD system, the analog
system can inform the CDPD system directly about channel usage. If such a link is not available, the
CDPD system can use a forward power monitor (“sniffer” antenna) to detect channel usage on the
analog system. Circuitry to implement this function can be built into the cell sector interface.

Another version of CDPD called circuit-switched CDPD (C-SCDPD) is designed to provide service
to subscribers traveling in areas where the local cellular service provider has not implemented the
CDPD service. With C-SCDPD, the subscriber establishes a standard analog cellular circuit connec-
tion to a prescribed number, and then transmits and receives CDPD data packets over that circuit
connection. The called number is a gateway that provides connection to the CDPD backbone packet
network.

33.6.2 Digital Cellular Data Services

In response to the rapid growth in demand for cellular telephone service throughout the U.S and
Canada, the Cellular Telecommunications Industry Association (CTIA) and the Telecommunications
Industry Association (TIA) have been developing standards for new digital cellular systems to replace
the existing analog cellular system (advanced mobile phone system or AMPS). Two air-interface
standards have now been published. The 1S-54 standard specifies a three-slot TDMA system, and the
1-95 standard specifies a CDMA spread spectrum system. In both systems, a variety of data services
are being planned.

Following the development of the 1S-95 standard for CDMA voice service, the cellular industry
has worked on defining various data services to operate in the same networks. The general approach
taken in the definition of 1S-95 data services has been to base the services on standard data protocols,
to the greatest extent possible [17]. The previously-specified physical layer of the 1S-95 protocol stack
was adopted for the physical layer of the data services, with an appropriate radio link protocol (RLP)
overlaid. The first CDMA data service to be defined was asynchronous (“start-stop” interface) data
and Group-3 facsimile. This service provides for interoperability with many standard PSTN data
modems as well as standard office fax machines. Thisservice is in the category of circuit-mode service,
since a circuit connection is first established, just as with a voice call, and the circuit connection is
maintained until the user disconnects.

Following the standardization of the asynchronous data service, the industry defined a service that
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carries packet-formatted data over a CDMA circuit connection. It is important to note that this
is not a true packet-data service over the radio link, since the full circuit connection is maintained
regardless of how little packet data is transmitted. One potential application for this type of service
is to provide subscribers with CDPD access from a CDMA network.

It is recognized that in order to make use more efficient, it will be highly desirable to provide a
contention-based packet data service in CDMA cellular networks. This is currently a subject of study
in CDMA data services standardization groups.

In parallel with the CDMA data services efforts, another TIA task group, TR45.3.2.5, has defined
standards for digital data services for the TDMA digital cellular standard 1S-54 [15, 18]. As with the
1S-95 data services effort, initial priority was given to standardizing circuit-mode asynchronous data
and Group-3 facsimile services [16].

33.7 Other Developing Standards

33.7.1 TErrestrial Trunked Radio (TETRA)

As has been the case in North America, there is interest in Europe in establishing fixed wide-area
standards for mobile data communications. Whereas the Pan-European standard for digital cellular,
termed Global Systems for Mobile communications (GSM), will provide an array of data services,
data will be handled as a circuit-switched service, consistent with the primary purpose of GSM as
a voice service system. Therefore, the European Telecommunications Standards Institute (ETSI)
began developing a public standard in 1988 for trunked radio and mobile data systems, and this stan-
dardization process continues today. The standards, which are now known generically as TErrestrial
Trunked Radio (TETRA) (formerly Trans-European Trunked Radio), were made the responsibility
of the ETSI RES 6 subtechnical committee [3]. In 1996, the TETRA standardization activity was
elevated within RES-6 with the creation of project TETRA.

TETRA is being developed as a family of standards. One branch of the family is a set of radio
and network interface standards for trunked voice (and data) services. The other branch is an air-
interface standard optimized for wide-area packet data services for both fixed and mobile subscribers
and supporting standard network access protocols. Both versions of the standard will use a common
physical layer, based on 7 /4 differential quadrature phase shift keying (7 /4-DQPSK) modulation
operating at a channel rate of 36 kb/s in each 25-kHz channel. The composite data rate of 36 kb/s
comprises four 9 kb/s user channels multiplexed in a TDMA format. The TETRA standard provides
both connection-oriented and connectionless data services, as well as mixed voice and data services.

TETRA has been designed to operate in the frequency range from VHF (150 MHz) to UHF
(900 MHz). The RF carrier spacing in TETRA is 25 kHz. In Europe, harmonized bands have been
designated in the frequency range 380-400 MHz for public safety users. It is expected that commercial
userswill adopt the 410-430 MHz band. The Conference of European Posts and Telecommunications
Administrations (CEPT) has made additional recommendations for use in the 450-470 MHz and
870-876/915-921 MHz frequency bands.

Table 33.1 compares the chief characteristics and parameters of the wireless data services described.

33.8 Conclusions

Mobile data radio systems have grown out of the success of the paging-service industry and the
increasing customer demand for more advanced services. The growing use of portable, laptop, and
palmtop computers and other data services will propel a steadily increasing demand for wireless data
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TABLE 33.1 Characteristics and Parameters of Five Mobile Data Services

System: ARDIS MOBITEX CDPD 15-95P TETRAP
Frequency band
Base to mobile, (MHz). (800 band, 935-9402 869-894 869-894 (400 and
Mobile to base, (MHz). 45-kHz sep.) 896-901 824-849 824-849 900 Bands)
RF channel spacing 25 kHz (US.) 12.5 kHz 30 kHz 1.25 MHz 25 kHz
Channel access/ FDMA/ FDMA/ FDMA/ FDMA/ FDMA/
multiuser access DSMA dynamic- DSMA CDMA-SS DSMA
R-S-ALOHA & SAPRC
Modulation method FSK, 4-FSK GMSK GMSK 4-PSK/DSSS 7/4-QDPSK
Channel bit rate, kb/s 19.2 8.0 19.2 9.6 36
Packet length Up to 256 Up to 24-928 b (Packet 192 b (short)
bytes (HDLC) 512 bytes service-TBD) 384 b (long)
Open architecture No Yes Yes Yes Yes
Private or Public
Carrier Private Private Public Public Public
Service Coverage Major metro. Major metro. All AMPS All CDMA European
areas in U.S. areas in U.S. areas cellular areas trunked radio
Type of coverage In-building In-building Mobile Mobile Mobile
& mobile & mobile

a Frequency allocation in the U.S. in the U.K., 380-450 MHz band is used.

b 1S-95 and TETRA data services standardization in progress.
C Slotted-ALOHA packet reservation.

services. Today, mobile data services provide length-limited wireless connections with in-building
penetration to portable users in metropolitan areas. The future direction is toward wider coverage,
higher data rates, and capability for wireless Internet access.
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Further Information

Reference [11] provides a comprehensive survey of the wireless data field as of mid-1994. The
monthly journals IEEE Communications Magazine and IEEE Personal Communications Magazine,
and the bimonthly journal IEEE Transactions on Vehicular Technology report advances in many areas
of mobile communications, including wireless data. For subscription information contact: IEEE
Service Center, 445 Hoes Lane, P. O. Box 1331, Piscataway, NJ, 08855-1131. Phone (800)678-1EEE.
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