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Wireless Systems and Technologies:
An Overview

Thewondrous inventions ofMarconi brought about the first wireless revo­
lution, which dramatically transformed theways people worked and played.
The telecommunications industry is now inthe midst ofa second wireless
revolution, which isprojected tohave animpact as large as thatofthe origi­
naL Thecurrent revolution began with the invention ofcellular communica­
tions technology. As new discoveries were made and cellular technology
advanced, another generation ofwireless applications hasemerged during
the pastdecade. Recent developments, including AT&T's proposed $12.6
billion merger with McCaw Cellular Communications Inc., whose network
now spans nearly one-third ofthe United States, provide overwhelming
proof ofthe tremendous potential ofthesetechnologies. Future applications
will make it easier than ever for people to avail themselves ofanywhere, any­
time voice, data, and messaging services through the telecommunications
network. Thispaper discusses the development ofcurrent cellular applica­
tions and technologies, and also explores the expanding wireless telecom­
munications network ofthe future.
Introduction

The vision ofa "seamless" wireless
network is notjust somedistant dreamof
high technologists. It is the demand oftoday's
communications-eentered marketplace.
Already, cordless telephones are providing
instantcommunications mobility inour
homesandoffices, andwireless local area
networks (LANs) are beingusedforhigh­
speeddatanetworking inside buildings. Cellu­
lar service and paging systemsprovide com­
munications coverage virtually everywhere in
between the homeand office. And there are
innumerable wireless remote-eontrol devices
that makeour lives easierandmorefun. In
the not-too-distant future, people will find it
quiteordinary to:
- Payhighway tolls on the way to workby

meansofa wireless, electronic toll­
collection system

- Carry a notebook, or palm-sized personal
digital assistant, with a wireless interface
that provides accessto a range ofpersonal
information andmessaging services

- Place and receive calls throughout the day
on portable, personal telephones that
accesseitheran office wireless network,
wheninside an office building, or a public,
personal communications network (peN)
whenoutside an office building.

Emerging wireless systems and ser­
vices will provide the technology to allow peo­
pleandmachines to communicate anytime,
anywhere usingvoice, data, andmessaging
services throughtelecommunications.

This issueofthe AT&TTechnical
Journal provides a snapshot ofwireless sys­
tems and technologies. It covers the keytech­
nologies and innovations at AT&T foremerg­
ingdigital cellular systems; describes
advanced signal-processing technologies,
which holdpromise offurther increasing the
quality andcapability ofdigital wireless sys­
tems;describes speech-eoding techniques
that address the impairments found in indoor
wireless environments; and reviews the tech­
nical requirements and solutions ofa high­
speed, wireless LAN.
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usedsophisticated signaling, between mobile units and
mobile switching centers, to trackandmonitor mobile
units, control the radio transmission link, andperform
real-time hand-offs from onecellto another. ("Hand-off'
is the term used to describe how cellular systems

Cellular: Going Digital
The currentwireless revolution is beingfueled

bythe rapid growth ofcellular-based services andthe
technology advances associated with thatgrowth. The
cellular concept wasfirstdeveloped and implemented in
the United States in the late-1970s andearly1980s.1

Priorto cellular technology, mobile radio systems were
single-cell systems. In otherwords, a fixed numberof
radio channels wasusedfor transmitting and receiving
information overa single geographic service area; the
service areawaslimited bythe rangeofthe basetrans­
mitting antenna. If a channel wasinuse, it could notbe
usedby anyother user in that service area. The overall
capacity ofthe single-cell systemwaslimited by the num­
ber ofradio channels allocated to it.

The cellular concept called fordividing a service
area intoa numberofsmall cells, andonly usinga subset
ofthe radio channels inanygiven cell. Radio channels
could be reusedincellsthatwere farenoughapart,
which keptco-channel interference below acceptable lev­
els (seeFigure 1).Fora fixed amount ofspectrum, sys­
temcapacity could then be increased byreducing the
sizeofthe cells, therebyincreasing the numberoftimes
a radio channel could be reused.2

While the concept wassimple, the implementa­
tionwasbotha regulatory and technical challenge. First,
spectrum had to be madeavailable andoperator licenses
awarded. Thesewerenot simple tasks, given that:
- There wasno spectrum available in the mostdesirable

frequency bands.
- Seeing the largemarketopportunity, virtually every­

onein (and outof) the communications business
wanted the opportunity to obtain a license.

The regulatory issuewassolved in the United
States bymaking available 50megahertz (MHz) ofspec­
trum (previously allocated for UHF television), andaward­
ingtwo licenses (25 MHz each) ineachservice area.
(Cellular wasinitially allocated 40 MHz, with an addi­
tional10MHz allocated a few yearslater.)

Second, a system had tobe developed that could
trackmobile unitsas they moved from cellto cell. This
meantdelivering calls to a unit, wherever it happened to
be,andmaintaining a connection as a unitmoved within
a cellandfrom onecellto the next. These technical
issuesweresolved in the United States by the advanced
mobile phoneservice (AMPS) 3. Similar systems were
laterdeveloped inothercountries. The AMPS system

Panel 1. Abbreviations, Acronyms, and Tenns

AMPS-advanced mobile phone service
ccrrr-e-Consultative Committee forInternational Tele-

phone andTelegraph
-----------------------l CDMA--eode-division multiple access, a radio-access

technology
co-channel interference-distortionofa system's radio

signal byother nearby systems using the samefre­
quencies

cRc--eycle redundancy check, a technique usedto
minimize channel errors in a radio system

CT-2--eordless telephone 2,a second-generation
digital cordless system

diversity-a technique bywhich radio signals are
received overtwo or moreindependent channels in
order to mitigate fading andincrease capacity

DQPSK-differential quadrature phase-shift keying, a
modulation technique

Fcc-Federal Communications Commission
FEC-forward error correction
FSK-frequency shiftkeying, a modulation technique
GMsK-Gaussian minimum shiftkey, a modulation

technique
GSM-Global System forMobile Communications
IC-integrated circuit
ISDN-integrated services digital network
ISM bands-industrial, scientific andmedical bands

allocated bythe FCC thatare often usedbyunli­
censed (e.g., cordless) systems

IAN-localareanetwork
multipath interference-reflection ofradio waves off

buildings or other structures, causing a single sig­
nalto arrive at the receiving antenna as multiple
signals at slightly different times

PCN-personal communications network
service zone--eategorization ofend-user environments

used to manage the appropriate wireless architec­
tures andplan the evolution oftechnology

spectrum-the entirebandofavailable radio frequen-
ciesfora given application, authorized foruse by
the FCC

TDMA-time-division multiple access, a radio-access
technology

UHF-ultra highfrequency
VHF-very highfrequency
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Figure 1. A wireless
system divides ser­
vice areas Into a
number of small cells,
using only a subset of
the radio channels In
any given cell. Chan­
nels can be reused In
cells that are far
enough apart, which
keeps co-channel
Interference within
acceptable limits.

transfer a callbetween radio channels in different cells.)
With a mere50MHz ofspectrum, there are now over
11 million subscribers to cellular service in the United
States, andthe numberis growing rapidly.

Current, first-generation cellular systemsare
based on analog FMradio technology. Withthe objective
ofimproving quality and increasing capacity, second­
generation cellular systems-based on digital radio tech­
nology andadvanced networking principles-are now
being developed and deployed worldwide. Radio-access
technology determines the quality and network capacity
ofa system. These second-generation systemsuse either
time-division multiple access (TDMA) or code-division
multiple access (COMA) technology to increase overall
system capacity bya factor ofthree to ten overexisting
analog cellular systems. These second-generation sys­
temsalsouse principles derived from integrated services
digital network (ISDN) and intelligent networks to pro­
vide end-users with "seamless" roaming and accessto a
wider rangeoftelecommunications services.

In this issue, T. P. BurshJr., et al., describe and
explain the mostpopular digital cellular systems, specific
Autoplex" systemimplementations, andfuture trends.'
Also in this issue, M. A Gauldin, et al., describe howthe
AT&T 5ESS® digital switch is beingused as the next­
generation mobile switching center,throughthe re-use
ofexisting hardware and incremental extensions ofthe
existing software architecture. 5

Wlr.I... Slgnal·Proc....ng Technologl..
Maximizing spectral efficiency-while maintain­

inga high-quality communications channel undersome­
timesharsh and unpredictable conditions--eould be the
largesttechnical challenge the wireless industry faces.
Unlike physical media, such as copper or fiber, which
provide a somewhat predictable andcontrolled transmis­
sionenvironment, the free-space environment forwire­
less systemsis constantly changing.s?

Radio signals, forexample, canbe distorted by
other nearby systemsusingthe samefrequencies. This
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Figure 2. A digital radio system operates In a dynamic
environment. In order to achieve reliable, digital wireless
communications, several sophisticated signal-processing
technologies for modulation, error correction, channel equal­
ization, and diversity are used.
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phenomenon is known as co-ehannel interference. Another
typeofsignaldistortion-ealled multipath interference­
can be causedbythe reflection ofradio waves offbuild­
ings or other structures, such as citybuses or office hall­
ways. The transmission environment ofportable wireless
equipment is constantly and unpredictably changing,
becausethe devices are often in motion.

Figure2 shows a basicblockdiagram ofa digital
radio system. Several sophisticated signal-processing
technologies for modulation, error correction, channel
equalization, and diversity are currently used to achieve
reliable, digital wireless communications within this
dynamic environment.

There are three basicmodulation techniques for
digital transmission overa radio interface: amplitude
modulation, frequency modulation, andphasemodula­
tion. The typeofmodulation determines the spectral
efficiency ofa digital radio system. (Spectral efficiency is
oftenmeasured inbits-per-second/Hertz [bps/Hzl.)

Second-generation cordlesssystems, such as the
cordlesstelephone 2 (CT-2) digital system, which bal­
ance spectral efficiency with simplicity, use frequency
shiftkeying (FSK) modulation (efficiency = 0.72 bps/Hz).
Second-generation, digital cellular systems place higher
importance on spectral efficiency and use morecomplex,
morespectrally efficient modulation.

The pan-European Global System for Mobile
Communications standard (GSM) uses Gaussian mini­
mumshiftkey (GMSK) modulation, which provides a
spectral efficiency of 1.35 bps/Hz.The North American
digital cellular standard (IS54) uses differential quadra­
ture phase-shift keying (DQPSK) modulation, with a spec­
tral efficiency of 1.62 bps/Hz.

Convolutional channel coding determines how
information is reliably transmitted overthe modulated
channel. Channel coding with forward error correction
(FEC) is essential for reliable digital radio transmission.
In fact, convolutional channel coding is used in all ofthe
current digital cellular systems. Systems designed to the
IS54 standard use convolutional channelcoding, cycle
redundancy check (CRC) codes, and interleaving to mini­
mize channelerrors.

Anumberofdiversity techniques can be used
to mitigate fading and increasecapacity." The principle
behinddiversity is that the transmitted information is
received overtwo or more independent channels. Sev­
eralcombining techniques can then be used to



reassemble the information. Space diversity is achieved
byusingmultiple antennas, spacedappropriately. Time
diversity canbe achieved either bytransmitting informa­
tion on multiple timeslots, or by receiving information at
different points in timeby usingrake receivers. Space
diversity canbe impractical forportable telephones with
limited spacefor antennae placement. Timediversity is
ineffective forslowly fading indoor channels.

Advances in the technology have madeit pos­
sible to incorporate increasingly moresophisticated
signal-processing capabilities intosmall, portable termi­
nals. Several diversity and combining techniques are
described in this issueby N. Seshadri, C.E.W. Sund­
berg,andV. Weerackody, who alsodiscuss the current
state-of-the-art ofdigital cellular systemsand technology
advances that could provide quality comparable to wire­
line systems." Advanced signal-processing technologies
have been demonstrated to improve the quality ofradio­
channel links (for example, CDMA andTDMA). Aslow­
power, signal-processing integrated circuits (ICs) are
developed, complex electronic functions will be incorpo­
ratedintocompact, hand-held portable terminals.

Robust Speech Coding for Wlrele.. Environments
In terms ofoverall impact, the selection of

speech-eoding technology is one ofthe mostsignificant
engineering choices forwireless voice systems. Consider
that the speechcoderaffects systemcapacity, linkqual­
ity, delay, power requirements, and terminal size, as well
as the overall systemcost. While a low-bit-rate coder
may provide increased systemcapacity, it may result in
lowering speechquality. Ahigher bit-rate codermay
improve speechquality-but it may be less spectrally
efficient if the samemodulation schemeis used.

Choosing the properspeechcoderfora wireless
voice systemrequiresthe careful balancing ofa number
ofimportant factors. Theyinclude spectral efficiency,
performance under impaired conditions, delay, power
consumption, memory requirements, andcost.

The industry trend forcellular systemsis toward
maximizing capacity while maintaining quality. The pan­
European GSM systememploys a 13kbits/s coder. The
North American IS54 standard employs an 8 kbits/s
coder. Both systemsare planned to evolve to half-rate
coders (&-4 kbits/s).

Systems designed exclusively for short-range or
indoor applications, such as wireless PBX installations,

typically use higherbit-rate coders. The European CT-2
and DECT systems, as well as theJapanese Personal
Handy Phone (PHP) system, employ 32kbits/s ADPCM
voice coding. The 32kbits/s ADPCM coderrequires less
signal processing than lower bit-rate coders, but utilizes
moreradio bandwidth.

Given the variety ofimpairments that canaffect
a communications link, such as co-ehannel interference
andfading, a speechcoder that performs well inan
error-free environment is not necessarily the best onefor
wireless systems. In this issue, K Gould, et aI., discuss
the effects that impairments canhave on speechquality,
and compare the performance ofalternate methods of
transcoding speechusingthe 32kbitADPCM Consultative
Committee for International Telephone andTelegraph
(ccrm standard.l"

Wirele.. Local Area NetWorking
With the advent oflap-top and palm-top com­

puters,wireless datasystems are receiving increased
industry attention. Wide-area, two-way packet radio and
one-way paging networks are making it possible fora
company's employees to send and receive messages and
accessdatawherever andwhenever required. Byallow­
ingsystemsto be set up wheretraditional wiring cannot
be used,wireless IANs introduce a newlevel offreedom
for in-building datanetworking,

While wide-area, wireless datanetworks provide
relatively narrow bandwidth (typically less than9.6
kbits/s), indoor wireless IANs can operate at much
higher speeds. The NCRWaveIAN@ system is an indoor,
wireless IAN that achieves a rawdatarate of2 Mbits/s
using12MHz ofbandwidth. The IAN operates in the 900
MHz industrial, scientific and medical (ISM) bandunder
FederalCommunications Commission (FCC) spread­
spectrum regulations. B.Tuchdescribes the design phi­
losophy and technical tradeoffs encountered in the devel­
opment ofthis high-speed, ISM-band wireless IAN. 11

The Future Is "Seamle.."
Currently, there is nowireless technology or sys­

tem that will supportallapplications andend-user needs.
There is a versatile andexpanding set ofsystems and
technologies that comprise the wireless universe, rang­
ingfrom narrow-band cordless systems andwide-band
wireless IANs, to advanced digital cellular technology.
Researchers and system architects are developing
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Figure 3. Researchers
and system archi­

tects are developing
methods to support
wireless applications

"seamlessly" across
varying environments.
Four service zones
can be used to
categorize end-user

environments,
manage the appro­
priate architectures,
and plan the evolution
of technology.
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methods to support applications "seamlessly" across
varying environments and technologies." Service zones
canbe used to categorize end-user environments, man­
age the appropriate wireless architectures, and plan the
evolution oftechnology. The fourbasic service zones are
described, and illustrated in Figure 3:
- Theglobal/national service zone is characterized by:

ubiquitous radio coverage throughout a region, coun­
try,or the entireglobe (even in the most remote
areas); low user densities; and minimal bandwidth
requirements. Wireless service in this service zone is
typically provided bysatellite systems having mega­
cellcoverage areas and radii ofhundredsofmiles.
These satellite systemscan be either the geosyn­
chronous or low-earth-orbit types. While satellite sys­
tems provide maximum coverage, they are typically
limited in capacity, because their frequencies cannot
be reusedas often.
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- The mobile service zone is characterized by radio cover­
age in urban, suburban, andpopulated ruralareas,such
as villages andsmall communities along highways.
This environment is characterized by medium to high
user densities, low to medium bandwidth requirements
(tensofkbitsls) andhigh-speed vehicular service. Ser­
vice in this zone is typically provided by terrestrial­
basedmacro-cells, coverage areaswith radii ofone to
20miles, and relatively high-powered transmission.
The North American AMPS systemis a goodexample of
a systemdesigned for the mobile environment.

- The local/micro service zone is characterized byradio
coverage in densely populated urbanareas, shopping
malls, and transportation centers, such as trainsta­
tions. This environment is characterized byhigh end­
user densities, medium bandwidth requirements,
hand-held portable terminals, and low-speed mobility
(lessthan ten miles per hour).Service in this zone is



Panel 2. Electrom8lJ18tlc Spectrum

The lifeblood ofallwireless systemsis electromag­
netic spectrum. There is only a fixed amount ofusable
spectrum and-in the United States-it is already allo­
catedforoneor anotherapplication. Commercial
television andradio, communication satellites, point­
to-point microwave transmission equipment, private
mobile radios, paging devices, cordless telephones,
andcountless other systemscompete forspectrum.
Forexample, NorthAmerican cellular systemshave
50MHz ofspectrum allocated to them. The 12VHF
television channels require72MHz ofspectrum. The
NCR WaveLAN systemuses 12MHz ofspectrum. And
current-generation analog cordless telephones
operate in approximately 1MHz ofspectrum.

New applications, suchas wireless PBX systems
andPeNs, requirethe allocation ofevenmorespec­
trum. The international standards bodythat develops
radio standards, CCIR, has estimated that over200 MHz
ofspectrum is required forthe operation offuture pub­
liclandmobile telecommunications systems. The lack
ofavailable spectrum is often the single largestimpedi­
mentto the development and introduction ofa new
wireless product or service. The challenge tothe wire­
less industry is tofind ways to eliminate this bottle­
neckto makeway fora newgeneration ofproducts

typically provided byterrestrial-based systems having
microcell coverage areaswith radii ofless thanone
mile. Bytheirverynature, microcellular systems are
highin capacity, becausespectrum canbe reused
often. Theycanalso operate on low-power, uncompli­
cated radio interfaces, providing the benefits oflong
battery life andsmall terminal size. Microcellular sys­
temsare suitedforbothmobile andlocal applications.

- The indoorlpico service zone is characterized by in­
building radio coverage, low to high user densities,
medium to highbandwidth requirements (Mbits/s),
and verylow mobility. Service in thiszoneis typically
provided bypico-cellular systems, with cellsizemea­
suredinhundredsoffeet. The small cellsizesofpico­
cellular systems provide the opportunity forhigh­
bandwidth systems that can support high-speed data
systems, andeven multimedia applications.

The wireless vision calls forthe capability of
using a single voice or dataterminal, even as an end-user

andservices that will meetemerging needs.
There is a regulatory solution to thischallenge:

spectrum reallocation. In otherwords, currentalloca­
tions canbe identified andmoved (or"grandfathered").
Then,throughrulemaking, the newapplications are
allowed to beginusingthe spectrum. This is whatthe
FCC didin the 1970s to createthe cellular bands, and .
whatit is currently doing to makespectrum available
forPeNs in the 1850-1990 MHz emerging-technologies
band. Unfortunately, the regulatory deliberations can
be slow, and the rule-making process cantakeyearsto
complete. The reasons for this include the needto be
fairto incumbent spectrum users,anddealing with the
administrative issuesto guide the newindustry inthe
rightdirection.

There are also technical solutions to spectrum
shortage. These include the development ofnew, more
spectrally efficient technologies, suchas the emerging
digital cellular systems, andtechnologies that pushout
the boundary ofusable spectrum. AT&T is conducting
researchto determine whetherhigher, less congested
6 GHz frequencies canbe usedforcommercial service.
Oflate-...and at the encouragement ofthe FCC-there
has been significant activity inthe industry to develop
technical spectrum-shortage solutions.

moves from onewireless environment to the next. Inter­
national andregional standards bodies are considering
howto develop standards thatwill allow for"seamless"
service acrossallenvironments. Theseconsiderations
rangefrom a single, all-purpose radio interface, to a
family ofmodular interfaces builtfrom readily available
components.

With progresscontinuing intechnology, stan­
dardsestablishment, andregulatory rulemaking, the
vision of"seamless," end-to-end global wireless service
could become a reality within the nextdecade.

Conclusion
Rapid progressin digital wireless technology

promises to makevoice, data, andvideo services avail­
ableanytime, anyplace. Ready access to needed informa­
tioncanoften makethe difference between successand
failure. In the business world, a company having the
capability to remain inconstant contact with its field
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service technicians-in realtime-will have morehighly
satisfied customers, a moreproductive workforce, anda
distinct competitive edge.

Information access on demand canalso improve
the quality ofone'spersonal life. It canmeanthe differ­
encebetween frustration anddelight, or even life and
death. Whetherhandling an emergency or just a simple
changein plans, wireless communications canhelpbring
people togetherand maketheir lives mucheasier.

As youwill see in reading this issueoftheAT&T
TechnicalJournal, wireless technology is rapidly evolving
to supportthis exciting newworld ofanytime, anywhere
communications.
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