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Abstract—This paper addresses future directions of microwave II. FUTURE DIRECTIONS IN TERRESTRIAL WIRELESS
technology in telecommunication systems. Terrestrial mobile and TELECOMMUNICATIONS
fixed wireless access and transmission systems and satellite systems
are discussed. Wireless access in current mobile cellular systems has pro-

Index Terms—Fixed wireless access, mobile cellular systems,vided the opportunity for individuals to have voice and limited
satellite  telecommunications, telecommunications industry, data communications at any time and from nearly any place. In
third-generation cellular. the future, the convergence of the Internet and wireless will lead
to many new and exciting broad-band services that will signif-
icantly impact our personal and business activities. Fixed wire-
less access systems also have a very promising future and have

HIS paper addresses future directions of microwavde potential of providing broad-band services with low infra-

technology in telecommunication systems. The primagtructure costs and rapid deployment.
applications for microwave equipment in these future systemsNear-term efforts on mobile cellular systems will involve
are in wireless access for fixed and mobile terrestrial networkie introduction of the third-generation (3G) digital cellular
satellite system up/down links, and wireless local area nelystem with data rates of 144 kb/s to vehicular subscribers
works (LANs). Fiber-optic transmission systems are dominaghd 384 kb/s to pedestrian subscribers, accurate location of
today and will continue in the future as the primary long-hawhobile subscribers, improved quality of service, and higher
media in public telecommunication networks. Point-to-poinioice quality than today’s systems. At least two different
line-of-sight microwave transmission will continue to bevide-band CDMA approaches will be used for access. Services
utilized in some private and industrial systems and will play @nd applications will include mobile computing, high-speed
minor role in back-haul applications in cellular systems and internet access, in-vehicle real-time traffic data and optimum
areas where fiber systems may be difficult and costly to instalbute selection, fleet and individual location information,

The summer of 2001 is a particularly difficult time to be ademail, videoconferencing, video games, music downloading,
dressing the future of the telecommunications area since theri@mote monitoring, and initiation of control actions on home
dustry, after a half decade of unprecedented growth, is in thgpliances and equipment connected to LANs or Bluetooth
midst of a very serious economic crisis in which many newlyetworks, low-tier service for wireless access to the home,
formed companies have entered bankruptcy and many of é¢@nmon cordless and mobile handsets, and yet to be invented
old-line standard bearers of the industry have encountered hugev services. The 3G fixed-access operation will permit data
losses and have had to cut back very significantly to stay aflogdtes of 2 Mb/s. Smart antennas and adaptive coding and equal-
As aresult, there has been a significant retrenchment and mageition will permit improved non line-of-sight operation. Japan
layoffs in the industry. Many of the economic pundits anticipatend Europe will introduce 3G systems in the very near future
a recovery in the year 2002; however, the emerging economiyd the U.S. will be at least two years later. Europe has had
will be much closer to classical growth levels and the businesgctions of spectrum in the 2-GHz band for 3G systems, but the
will hopefully be based on more substantive grounds than thages. is still in the midst of deciding which bands will be made
of the “irrational exuberance” times of the late 1990s whetgailable for 3G service. Competition for the U.S. spectrum in
overvalued acquisitions and mergers and the reckless financing 700-MHz—-2-GHz range is between government users, UHF
by manufacturers of equipment purchases for new competitive broadcasters, and wireless carriers. Fourth-generation (4G)
local exchange carriers and Internet companies, which were gird higher generation systems will be aimed at even higher
able to meet obligations on the loans, led to an industry defita rates and quality of service and availability equivalent to
level of $650 billion, the major contributor to the current crisishe wired telephone systems of today. When these goals are

In spite of the uncertainty in the market place today, it is cleachieved, the mobile handset will be the primary handset of
that telecommunications will continue to be a major factor in theubscribers and the wired handsets will be phased out. The
worldwide economy and the way society and businesses fud@G and higher systems will use packet switching for both
tion in the future. voice and data. It is unlikely that a uniform global standard
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too costly to change. However, cost-effective software-definedte networks and for some transoceanic routes not covered by
handsets may become available that will permit global roamirfiher-optic cables. The broad-band fixed satellite services of the
Fixed wireless access systems have the potential for providiiagure will address multimedia and Internet service. A challenge
broad-band services to subscribers using competitive local éxat must be addressed in the new generation of satellite net-
change carriers, business subscribers, and subscribers in remuotds is the ability to handle both circuit-switched and bursty
locations and developing nations where access with physi@&P/IP Internet traffic. High data-rate satellites operating in the
connectivity would require substantial investment in infrastru0—-30-GHz bands will utilize multiple high-gain spot-beam an-
ture costs. The major applications to date of fixed wireless accésisnas, on-board processing and switching, adaptive power con-
have been for business applications and a residential market, and adaptive coding technologies. Digital broadcasting will
has yet to develop. The major carriers providing this servide primarily in the 12- and 17-GHz bands.
encountered severe financial problems in 2001 and are currently
undergoing bankruptcy reorganization. Systems in the U.S. pro- IV. REQUIREMENTS FORFUTURE ENGINEERS
vided 1.5-45-Mb/s service at 24-GHz LMDS band (28—31 GHz), . o ) . )
aswell as duplex service in the 2.5-2.7-GHz MMDS bands. BothThe profile qftelecommu_m_catlons engineersin th_e future will
point-to-pointand point-to-multipointdistribution has been useg©t P& much different than it s today. The field requires a broad
There is excellent potential for broad-band fixed wireless af@"9€ of engineers to work on communication, microwave, dig-
cess in the future despite the difficult start although there dféh digital signal processing (DSP), antennas and propagation,
a number of challenges to address. The future services will {Rtegrated circuits (ICs), and software technologies.
clude the unlicensed 5-GHz band, as well as the regulated bands
listed above. Additional spectrum at much higher frequencies in V. CONCLUSION
the 55- and 95-GHz bands for very short links will also be used. the fytyre opportunities for mobile and fixed wireless cellular
Point-to-multipoint system architectures using cellular configy stems digital-broadcast satellite, and multimedia private and
urations, as well as mesh architectures, will find wide appliecial-purpose satellite systemsisvery bright. However, there are
cability. Data rates will be extended to more than 600 Mb/gh5|ienges that must be considered and addressed before the full
Software-defined radios using adaptive architectures definedyfyential can be realized. These challengesinclude regulatory and
the radio setup modes will allow selective modulation systerggiica|issues, socialissues unique todifferent parts ofthe world,
based on system performance objectives. Schemes 0 peiiiiyet acceptance of the new services, and security. Examples of
high-quality operation in high multipath environments and withe scial issues is the tradeoff between privacy and accuracy of
nonline-of-sight propagation will be utilized. The lower fréyocat0n in mobile systems. In some societies, the “big brother”
quencies will usually be favored, but there will be growing acsynqrome of location accuracy may be socially unacceptable.
ceptance of higher frequency operation. The initial customeg|ogical keys may be usedtoinsure thatthe approved user is op-
for this service will continue to be the business users, but as §& ing the handset, but solid encryption is also needed to prevent
price drops in the future, there will be residential subscribejgentification and data theft of the propagating radio signals by

for this alternate access service. The standards for operation,9fi; s scanners. Indeed, the social and human challenges may be

broad-band fixed wireless access systems are currently beiRgd,, more difficultthan the technical challenges.
developed by the IEEE 802.16 Standards Committee.

Thechallengesthatmustbeaddressedare spectrumavailabi'i+-
particularly in the lower frequency bands, simple installation ¢
subscriber terminals and antennas that require little or no en
neering assistance during installation, cost effective termina
accesstorooftopsandbuilding structuresfor office and apartm
complexes and finally operating techniques and user etiquette
the unlicensed frequency bands. Competition will continue wi
fiber optic systems, aswell as free space optical access syste
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