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Overview of Wireless Personal
Communications

' Cellular radio and cordless telephony have demonstrated the

demand for wireless communications and provided a foundation
for the development of future wireless telecommunications
systems and services.
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tions is on page 40.

his century has seen the develop-
mentof a publicwireline network that
allows reliable and affordable com-
munication of voice and low-rate data
around the globe. There also isa
multipticity of specialized wired net-
works optimized for purposes such as the local
communication of high-speed data. The goal of
wireless communication is to allow the user access
to the capabilities of the global network at any
time without regard to location or mobility. Cei-

. lular and cordless telephony, both of which have

gained widespread user acceptance during the
last ten years, have begun this process but do not
yetallow total wireless communication. Cellular sys-
tems currently are limited to voice and low-speed
data within areas covered by base stations, The basic
cordless telephone provides a wireless counter-
part to the standard telephone. The handset typi-
cally operates within 50 to 100 m of the user’s
base station, which connects to the public switched
telephone network (PSTN). With the advent of
digital cordless telephony, cordless “systems”
with enhanced functionality (CT2, DECT, PHS)
have been developed that can support higher
data rates and more sophisticated applications
such as wircless private branch exchanges (PBXs)
and public-access Telepoint systems.

This article presents an overview of the current
state of wircless communications, including relevant
ongoing activities in technology development, stan-
dards, and spectrum allocation. The next three
sections discuss ceHular radio, cordiess telephony,
andwirelessdata systems, respectively. Following that,
ongoing and planned future developments are sum-
marized. The presentation here is oriented toward
broad coverage rather than technical depth. However,
brief discussions of the air interfaces for existing dig-
ital cellular and digital cordless systems are provided,
because the air interface bears heavily on system
capacity and the environments in which the sys-
temcan be used, aswell ason the cost and complexity
of the equiprnent. More detailed discussions on top-
icsofinteresttothe reader, including network aspects,
can be found in other papers in this issue as well
as in the references provided here.

Cellular

Cellular radio can be regarded as the earliest
form of wireless “personal communications.”
It allows the subscriber to place and receive tele-
phone calls over the wireline telephone network
wherever cellular coverage is provided; “roam-
ing” capabilities extend service to users traveling
outside their “home” service area&e C;ll“ull:yr B'?ll
tem design was pioneered during the'
Laboratories in the United States, and the initial
realization was known as AMPS, for Advanced
Mobile Phone Service. As detailed below, sys-
tems similar to AMPS were soon deployed inter-
nationally. All of these “first-generation” cellular
systems use analog frequency modulation (FM)
for speech transmission and frequency shift key-
ing (FSK) for signaling. Individual calls use dif-
ferent frequencies. This way of sharing spectrum .
is called frequency division multiple Access
(FDMA).

The distinguishing feature of cellular systems
compared to previous mobile radio systems is the
use of many base stations with relatively small
coverage radii (on the order of 10 km or less vs,
50 to 100 km for earlier mobile systems). Each
frequency is used simultaneously by multiple
base-mobile pairs. This “frequency reuse” allows
a much higher subscriber density per MHz of
spectrum than previous systems. System capacity
can be further increased by reducing the cell size
(the coverage area of a single base station), down
to radii as small as 0.5 km. In addition to support-
ing much higher subscriber densities than previ-
Ous systems, this approach makes possible the use
of small, battery-powered portable handsets
with lower RF (radio frequency) transmit power
than the large vehicular mobile units used in ear-
lier systems. In cellular systems, continuous cov-
erage is achieved by executing a “handoff” (the
seamless transfer of the call from one base sta-
tion to another) as the mobile unit crosses celi
“boundaries.” This requires the mobile to change
frequencies under control of the cellular network.
For a2 more detailed overview of cellular radio,
see [1].
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5 NTT DoCoMao, nationwide,
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1 AMPS is also used in Australia. AMPS, TACS, and NMT are alf used in parts of Africa and Southeast Asia.
2 The bands 890-915/935-960 MHz were subsequently allocated to GSM in Europe.
3 Frequency interleaving using overlapping or “interstitial” channels: the channel spacing is half the nominal

4 The latter two band pairs are used to provide coverage throughout the country, and the former ones are
used to support high traffic densities in areas like Paris and other major dties.

Faomber of

channels

W Table 1. Summary of analog cellular systems.

Analog Cellular Systems

In the United States, a total of 50 MHz in the
bands 824-849 MHz and 869-894 MHz is allocat-
ed to cellular mobile radio. In a given geographi-
cal licensing region, each of two carriers (service
providers) controls 25 MHz. The “A” and “B” bands
are allocated to “non-wireline” and “wireline”
carriers, respectively.! Under the AMPS stan-
dard, this spectrum is divided into 832 frequency
channels, each 30 kHz wide. Frequency modula-
tion (8 kHz deviation) is used for speech, and the sig-
naling channels use binary FSK with a 10-kb/s
rate. To meet cochannel interference objectives,?
the typical frequency reuse plan employs eithera 12-
group frequency cluster with omnidirectional anten-
nas or a 7-group cluster with three sectors per
cell. AMPS cellular service has been available to
the publicsince 1983, and there currently are rough-
ly 20 million subscribers in the United States. AMPS
is also used in Canada, Central and South Ameri-
ca, and Australia.

In Europe, several first-generation systems
similar to AMPS have been deployed, including:
Total Access Communications System (TACS) in
the United Kingdom, Italy, Spain, Austria and
Ireland; Nordic Mobile Telephone (NMT) in

many countries; C-450 in Germany and Portugal;
Radiocom 2000 in France; and Radio Telephone
Mobile System (RTMS) in Italy. Those systems
use frequency modulation for speech, FSK for
signaling, and channel spacings of; 25 kHz (TACS,
NMT-450, RTMS); 10 kHz (C-450); and 12.5
kHz (NMT-900, Radiocom 2000).? Handover
decisions are usuaily based on the power received
at the base stations surrounding the mobile. C-
450 is an exception, and uses round trip delay
measurements. The total number of subscribers
to the analog systems is around 8 million (3.7 mil-
lion for TACS, 2.9 million for NMT, 0.9 million
for C-450, and smailer amounts for the remaining
systems). A few additional details are foundin Table
1

In Japan, a total of 56 MHz is allocated for
analog cellular systems (860-885/915-940 MHz
and 843-846/898-901 MHz). The first analog cel-
lular system, the Nippon Telephone and Tele-
graph (NTT) system, began operation in the
Tokyo metropolitan area in 1979. The frequen-
cies were 925-940 MHz (mobile transmit) paired
with 870-885 MHz (base transmit), and the chan-
nel spacing was 25 kHz, giving a total of 600
duplex channels. The control channel signaling
rate was 300 b/s. In 1988, a high capacity system

-
o gl

There are

more than
30 million
cellular
subscribers
worldwide.

1 A wireline carrier is a
[fully-separated subsidiary
of a Local Exchange Carier
(LEC) in the area where
the LEC is a monopoly
provider of local wired
telephone service.

2 The objective for the car-
rier-to-interference ratio,
averaged aver the mulfi-
path fading, is 17 dB for
at least 90 percent of the
covered area [1].

3 NMT-900 and C-450
use frequency interleaving,
whereby the “channel sep-
aration” is half the sepa-
ration between adjacent

" non-overlapping channels

(the nominel channel
“bandwidth”™). The char-
nel spacings given here
and in Table 1 refer to the
separation between the
“interleaved” center fre-
channels cannot be used
at the same base station.
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W Figure 1. Hustration
£ters given refer (o the

of

mudtiple access and duplexing Iechnues. The param-

Systems that are undertined. The widths of the frequency

bands and time siots are artificially scaled for iflustration purposes.

* The digital cordless sys-
terns CT2, DECT, and
PHS noted in Fig. | are
discussed in the section
to follow on cordless
telephony.

was introduced in the same band, with an increased
controlchannel signaling rate of 2.4 kb/s and a reduced
channel spacing of 12.5 kHz. The number of
channels was further increased by frequency
interleaving (channel center frequencies 6.25 kHz
apart), resulting in an overall fourfold increase in
the number of channels to 2400. In addition, an asso-
ciated control channel (below the voice band)
with a rate of 100 b/s was introduced, which per-
mits signaling without interrupting voice commu-
nication. To improve transmission quality and
frequency reuse, reception diversity was incorpo-
rated into both the base and mobile stations. The
mobile terminal of the high capacity system is
dual-mode, and can also access the initial (25 kHz)
system. The cellular operator NTT DoCoMo cut-
rently provides nationwide coverage in the bands
870-885/925-940 MHz.

In 1987, cellular radio was deregulated in Japan
and two new operators were introduced. One of these
is named “IDO” and began operation of the NTT
high capacity system in December 1988, covering the
Kanto-Tokaido areas in the bands 860-863.5/915.-
918.5 MHz. The third cellular carrier is the DDI Cel-
lular Group, which provides coverage outside the

metropolitan areas using the JTACS/NTACS sys-
tems (based on the European TACS system) in
the bands 860-870/915-925 MHz and 843-846/898-
901 MHz, Following DDI, IDO has also intro-
duced NTACS in the bands 843-846/898-901
MHz and 863.5-867/918.5-922 MHz. IDO and
DDTI have formed a partnership to provide nation-
wide service by introducing roaming capabilities
between the two systems, There are currently
about 2.6 million subscribers to analog cellular
systems in Japan.

Digital Cellular Systems

The development of low-rate digital speech cod-
ing techniques and the continuous increase in the
device density of integrated circuits (i.e., transis-
tors per unit area}, have made completely digital sec-
ond-generation systems viable. Digitization
allows the use of time division multiple access
(TDMA) and code division multiple access
{CDMA) as alternatives to FDMA. With TDMA.
the usage of cach radio channel is partitioned
into multiple timeslots, and each user is assigned
a specific frequency/timeslot combination. Thus,
only a single mobile in a given cell is using a given
frequency at any particular time, With CDMA (which
uses direct sequence spreading), a frequency
channel is used simultaneously by multiple
mobiles in a given cell, and the signals are distin-
guished by spreading them with different codes. One
obvious advantage ofboth TDMA and CDMA is the
sharing of radio hardware in the base station
among multiple users. Figure t illustrates the FDMA._
TDMA, and CDMA concepts.*

Digital systems can support more users per
basc station per MHz of spectrum, allowing wireless
System operators to provide service in high-densi-
ty areas more economically. The use of TDMA
or CDMA digital architectures also offers additional
advantages, including:

* A more natural integration with the evoiving
digital wireline network. .

* Flexibility for mixed voice/data communication
and the support of new services.

= A potential for further capacity increases as reduced
rate speech coders are introduced.

* Reduced RF transmit power (increasing bat-
tery life in handsets).

* Encryption for communication privacy.

* Reduced system complexity {mobile-assisted hand-
offs, fewer radio transceivers).

Second-generation cellular systems based on dig-
ital transmission are currently being deployed. These
systems are discussed in some detail in this sec-
tion. Figure 2 shows the associated frequency
allocations.

The Pan-European GSM System and DCS
1800 — The large number of different analog
systems used in Europe did not represent an
ideal situation from a subscriber point of view.
This, together with the need to accommodate an
increasing number of users and to establish com-
patibility with the evolution of the fixed network
towards digital systems, led theConférence
Européenne des Postes et Télécommunications
(CEPT) to establish a “Groupe Spécial Mobile”
in 1982. The work of that group became the GSM
system (now “Global System for Mobile commu-
nications™).
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The new system was primarily expected to
provide better quality, pan-European roaming,
and the transmission of data for fax, e-mail, files, etc.
A new design aliso offered the opportunity to
specify a system for lower-cost implementations and
the potential for increased spectral efficiency. Final-
ly, a high degree of flexibility and openness to
future improvements were recognized as impor-
tant and taken into account [2].

The decision to use a digital approach was
rather obvious because of the advantages already
discussed. TDMA was chosen with eight times-
lots per radio channel. Each user transmits peri-
odically in every eighthslot {of duration 0.57 ms)and
receives in a corresponding slot (Fig. 1). With
such anapproach, abase station only needs one (faster)
transceiver for eight channels. In addition, trans-
mit/receive slot staggering allows a relaxation of
the duplex filter requirements for the mobile.
The intermittent activity of the mobile transceiv-
er also provides the opportunity (between the trans-
mit and receive bursts at the mobile) to measure
the strength of the signals from surrounding base
stations. These measuremenits are reported to the
serving base station and used for handover decisions.
Note that contrary to the traditional FDMA systems,
no additional hardware is needed for finding can-
didate base stations.

The time-compression of the user data (22.8 kb/s
including error correction coding), by a factor of
around eight inherentin the TDMA format, implies
a bandwidth expansion of the signal by a corre-
sponding factor. This has consequences on the
fading of the reccived signal. The presence of reflec-
tors, like mountains, hills, buildings, and others,
leads to a multitude of echoes. In a narrowband
system, the resulting signal paths cannot be
resolved in time. With a bandwidth of 200 kHz,
onthe other hand, some degree of resolution becomes
possible. In GSM, the staggering of the paths is
estimated using a fixed mid-amble (training sequence
in the middie of the slot). The intersymbol inter-
ference is then resolved with a Viterbi equalizer.
for example. The multipathinterferenceisa formof
diversity, which, depending on the environment, can
significantly reduce fading. With fast-moving
mobiles, residual errors are corrected by the rate 1/2
convolutional coding and convolutional interleav-
ing over eight bursts (for class | bits).

In some environments, like cities (delays
around 1 to 2 ps), 200 kHz of bandwidth is no
longer sufficient to resolve the multipath, and
slow mobiles can experience long error bursts.
This situation can be greatly improved by chang-
ing the frequency from slot to slot (frequency
hopping). With different hopping patterns used
at different base stations, interference diversity
can be realized. This is particulariy attractive with
discontinuous transmission (speech pauses are
not transmitted).

In its present version, GSM supports full-rate
{22.8kb/s, eightslots/frame) and half-rate (11.4 kb/s,
16 slots/frame) operation. Speech coders have
been specified for both rates, and improved full-rate
coders for “radiolocal loop” (RLL) applicationscan
be accommodated. On the data side, various syn-
chronous and asynchronous services at 9.6, 4.8,
and 2.4 kbps are specified for both full-rate and half-
rate operation. In particular, these data services inter-
face to audio modems (e.g., V.22bis or V.32) and

B

ISDN. Additionally, a connectionless packet service
is in preparation, with an emphasis on interwork-
ing with X.25 and Internet (see the section on
wireless data). Group 3 fax is also supported by
the standard.

Originally, GSM was intended to be operated
only in bands around 900 MHz. In early 1989, the
UK Department of Trade and industry started an
initiative which finally led to the assignment of
150 MHz near 1.8 GHz for Personal Communica-
tions Networks (PCN) in Europe, and to the
choice of GSM as a standard for that application.
This system is called DCS1800, for Digital Cellu-
lar System 1800. Its definition meant translating
the specifications to the new band and modifying
some parts for accommodating overlays of micro-
and macrocells. Cellular and PCN are certainly
the most prominent applications, but GSM is cur-
rently also extended to include “group calls” and
“push to taik” for private mobile radio (PMR) appli-
cations.

In the cellulararea, GSM has experienced tremen-
dous growth since the start of deployment in
1993. As of November 1994, there were two mil-
lion subscribers throughout Europe, and the sys-
tem had been adopted by many non-European
countries (a total of 26 European and 26 non-
European countries). Operatorsin the United King-
dom and Germany have started DCS1800 networks
recently. Coverage is not country-wide at the moment,
but ultimately a similar success is expected as for
GSM.

For an overview of GSM, see [3], and for an
in-depth description, see [4] or the standard [5].
For anoverview of DCS 1800, see [6]. Figure 3shows
the frequency allocations for DCS1800, as well as
allocations for wireless communications near 2GHz
in the United States and Japan.

15-54 in North America — To meet the grow-
ing need toincrease cellular capacity in high-density
areas, the Electronic Industries Association
{EIA) and the Telecommunications Industry
Association (TTA) adopted the IS-54 standard based
on TDMA [7]. IS-54 retains the 30-kHz channel
spacing of AMPS to facilitate evolution from ana-
log to digital systems. Each frequency channel

8 Figure 2. Digital cellular frequency llocations.
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2 GHz.

3 Differential quadrature
Phase-shift keying
{DQPSK) with a n/¢
radian phase shift
berween successive sym-
bols, to reduce amplinude
fluctuations in the signal
envelope.

¢ The Erlang capacity
(offered load at a given
blocking rate} actually is
increased more than
threefold because of
improved “trunking effi-
ciency” due to the larger
number of available chan-
nels.

7 As a rule-of-thumb, an
equalizer is needed when
the rms delay spread is on
the order of 20 percent or
maore of the symbol dura-
tion (for binary and qua-
termary modudation). The
symbol duration is about
40 ps for [S-54. Delay
spreads for cellular envi-
ronments usually are less
than 8 ys, except for hilly
and mountainous areas,

8 Psi-CELP is pitch syn-
chronous innovation code
excited linear prediction,
which is a newly estab-
lished half-rate codec in
Japan.

W Figure 3. Regional and intermational wireless

frequency allocations near

provides a raw RF bit rate of 48.6 kb/s, achieved
using n/4 DQPSKJat a 24.3-kbaud channel rate.
This capacity is divided among six timeslots, two
of which are assigned to each user in the current
implementation, which uses a 7.95-kb/s vector sum
excited linear prediction (VSELP) speech coder (13
kb/s with error protection). Thus, each 30-kHz
frequency pair can serve three users simuitane-
ously, and with the same reuse pattern, [8-54 pro-
vides triple the capacity (user channels per cell)
of AMPS.6 When half-rate coders are introduced,
cach 30-kHz frequency channel will be able to
accommodate six user channels, giving another
doubling of capacity. The IS-54 standard provides
for an adaptive equalizer to mitigate the inter-
symbotl interference caused by large delay
spreads, but due to the relatively low channel rate
(24.3 kbaud), the equalizer will be unnecessary in
many situations.’

Since systems using the [3-54 standard must
operate in the same spectrum used by the existing
AMPS systems, the 15-54 standard is “dual mode,”
meaning that it provides for both analog (AMPS)
and digital operation. This is necessary to accom-
modate “roaming” subscribers, given the large
embedded base of AMPS equipment. Although
service providers have already begun to deploy
I8-54 equipment in major metropolitan areas in
the United States, the conversion to digital will
be slower in less dense areas. Consequently, there
will be a mix of analog and digital terminals as
well as base station equipment for a considerabie
period of time.

While the initial version of the [S-54 standard
used the AMPS control channe! specification (10
kb/s Manchester-encoded FSK), IS-136 (formerly
I8-34 rev. C) includes a digital control channel (DCC)
which uses the 48.6-kb/s modem. In addition to
the increased signaling rate, the DCC offers such
capabilities as point-to-point short messaging, broad-
cast messaging, group addressing, private user groups,
hierarchical cell structures, and stotted paging chan-
nels to support a “sleep” mode in the terminal (to
conserve battery power). The companion EIA/TIA
standard IS-41 provides network signaling protocols

to support inter-system handoff, roaming. and
delivery of network-based features and services
{8]. IS-54 equipment has already been deploved
and is operational in a majority of the top ten cel-
lular markets in the United States, and the rate of
customer adoption is increasing.

Personal Digital Cellular in Japan — In Japan.
there are two different types of analog cellular
systems: (NTT and JTACS), which developed
from different backgrounds. From the perspec-
tive of the user, a single air interface was desir-
abie for providing roaming capability among different
mobile networks. A development study for digital
cellular systems with a common air interface was
initiated in 1989 under the auspices of the Min-
istry of Posts and Telecommunications (MPT).
The new digitai system was established in 1991
and named Personal Digital Cellular (PDC),

The PDC system is also based on TDMA, with
three slots multiplexed onto each carrier, similar
to I5-54, The channel spacing is 25 kHz with
interleaving to facilitate migration from analog to
digital. The RF signaling rate is 42 kb/s, and the mod-
ulation is /4 DQPSK. A key feature of PDC is mobile-
assisted handoff, which facilitates the use of small
cells for efficient frequency usage. The full-rate
VSELP speech codec operates at 6,7 kb/s (11.2 kbss
with error correction), Currently, the full-rate codec
isavailable; however, a 5.6-kb/s psi-CELP? half-rate
codec has already been standardized and will
soonbe introduced, resulting in a doubling of capac-
ity.

A total of 80 MHz is aliocated to PDC; the
frequency bands are 810-826 MHz paired with 940-
956 MHz and 1429-1453 MHz paired with 1477-
1501 MHz. Withantenna space diversity, the required
C/l is reduced, giving a reuse factor of 4, Group 3
FAX(2.4kb/s)aswell as 4.8-kb/s modem transmission
with MNP class 4 are supported using an adaptor
to provide the required transmission quality.
There are five PDC operators, and are currently
250,000 subscribers to PDC. It is gaining populari-
ty due to high quality, high security, a longer
handset battery life, etc. See [9] or the standard
[1(Y for more details.

15-95 in North America — The EIA/TIA 15-95
standard is based on the CDMA system originally
described in [11]. With [3-95, many users share a
common channel for transmission. The basic user
channel rate is 9.6 kby/s. This is spread to a channel
chip rate of 1.2288 Mchip/s (a total spreading fac-
tor of 128) using a combination of techniques.
The spreading process is different on the forward
(base-to-mobiie) and reverse links. On the for-
ward link, the user data stream is encoded using a
rate 1/2 convolutional code, interleaved, and spread
by one of 64 orthogonal spreading sequences
(Waish functions). Each mobile in a given cell is
assigned a different spreading sequence, provid-
ing perfect separation among the signals from
different users, at least for a single-path channei.
To reduce interference between mobiles that use
the same spreading sequence in different celis
and to provide the desired wideband spectral
characteristics (not all of the Walsh functions
yield a wideband power spectrum), all signals in a
particular cell are scrambled using a pseudo-ran-
dom sequence of length 215 chips.
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Orthogonality among users within a cell is pre-
served because their signals are scrambled identi-
cally. A pilot channel (code) is provided on the
forward link for channel estimation. This allows
coherent detection. The pilot channel is transmit-
ted at higher power than the user channels.

On the reverse link, a different spreading strat-
egy is used because each received signal arrives at
the base via a different propagation channel. The
user data stream is first convolutionally encoded
at rate 1/3. After interieaving, each block of six
encoded symbols is mapped to one of the 64
orthogonal Waish functions (i.e., 64-ary orthogo-
nal signaling). A final fourfold spreading, giving a
rate of 1.2288 Mchip/s, is achieved by spreading
the resulting 307.2-kchip/s stream by user-specific
and base-specific codes of periods 242-1 and 21> chips,
respectively. The rate 1/3 coding and the mapping
onto Walsh functions result in a greater tolerance
for interference than would be realized from tra-
ditional spreading (i.c., arepetitioncode). This added
robustness is important on the reverse link, due
to the non-coherent detection and the in-cell
interference (noorthogonality among in-cell users).

Another essential element of the reverse link is
tight control of the mobile’s transmit power, to avoid
the “near-far” problem that arises from the dif-
ferent fading, shadowing, and path loss situations
experienced by the different signals. A combina-
tion of open-loop and fast closed-loop control is
used, with the commands for the closed-loop con-
trol being transmitted at a rate of 800 b/s. These
bits are stolen from the speech frames.

At both the base station and the mobile,
RAKE receivers are used to resoive and combine
multipath components, significantly reducing the
fading amplitude. This receiver architecture also
is used to provide base station diversity during “soft”
bandoffs, whereby a mobile making the transition
between cells maintains links with both base stations
during the transition. The mobile’s receiver com-
bines the signals from the two base stations in the
same manner as it would combine signals associ-
ated with different multipath components,

The 15-95 CDMA approach offers a number
of benefits, including increased capacity, elimina-
tion of the need for planning frequency assignments
to cells, and flexibility for accommodating differ-
ent transmission rates (a higher-quality 13 kb/sspeech
coder, for example). Moreover, the variable-rate
speech coding, power control, reduced fade margin,
and forward error correction ( FEC) atl contribute to
the reduction of the required RF transmit power.

Like IS-54, IS-95 is compatible with the [S-41
signaling protocol, and is a dual-mode standard
designed for the existing North American cellular
bands; [8-95 terminals can operate either in the
CDMA mode or the AMPS mode. Deployment of
_lS-95 systems in the Los Angeles, California area
is expected this year. For a more detailed overview
of IS-95, see {11, 12] and for a focus on the reverse
link, see [13].

Cordless Telephony

First-Generation Analog Cordless

Since 1984, analog cordless telephones in the Unit-
ed States have operated on ten frequency pairs in
the bands 46.6-47.0 MHz (base transmit) and
49.6-50.0 MHz (handset transmit). Prior to 1984, five

of the 49 MHz frequencies were paired with five
frequencies near 1.6 MHz, an arrangement that-
proved less than satisfactory due to the imbalance
in the performance of the two links and the limit-
ed number of channels.

The allowed emission bandwidth is 20 kHz,
and the effective radiated power {ERP) is very
low, roughly 20 pW (compared to 10 mW for
most other cordless telephone systems). Analog
FM is used for the voice signal, and the U.S. Fed-
eral Communications Commission (FCC) rules
require digital coding of the signaling functions
for security. There are an estimated 60 million 46/49
MHz cordless telephones in use in the United States,
and total sales are roughly 15 million units per
year. Despite the recent availability of higher-power
digital cordless telephones operating inthe 915 MHz
Industrial, Scientific, and Medical (ISM) band
(discussed below), the popularity of 49 MHz ana-
log cordless telephones is expected to continue
for a considerable time due to their low cost
(U.S. $50 to $100 is typical for a basic unit).

Because of the targe embedded base of these
devices, the existing ten channel pairs have become
inadequate, particularly in high-density areas. In
August 1992, the TIA petitioned the FCC to
make 15 additional frequency pairs near 44 MHz
(base transmit) and 49 MHz (handset transmit)
available for cordiess telephones. In August 1993,
the FCC adopted a Notice of Proposed Rule
Making (NPRM) in response to TIA’s petition,
proposing specific provisions to be added to the FCC
Rules [14]. A final ruling on the new frequencies
by the FCC is expected this year,

The first cordless telephones were imported to
Europe from the Far East and the United States.
En most of Europe, such equipment was itlegal
but was sold in large quantities “for export only.”
In the United Kingdom, a standard very similar
to the one originally used in the United States
was introduced (MPT 1322} to offer an alterna-
tive to the illegal imports [15]. This standard
{sometimes referred to as “CT0""), allowed for
eight channel pairs near 1.7 MHz (base unit
transmit) and 47.5 MHz (handset transmit), and
most units could access only one or two channei pairs.
A similar standardization approach was adopted
in France. There are an estimated 4.7 million illegal
unitsinoperation; 1994 sales of legal and illegal units
are estimated at 2.4 and 1 million, respectively.

In the rest of Europe, the reaction to the
demand for cordless communication was to devel-
op the analog cordless standard known as CEPT/CT1
{16]. Thiscordiess standard provides for forty 25-kHz
duplex channel pairs in the bands 914-915/959-
960 MHz (80 pairs are allocated for CT1+ in the
bands 885-887/930-932 MHz, which do not overlap
the GSM allocation) and for a form of Dynamic
Channel Assignment (DCA), whereby one of the
40 (or 80) duplex frequency pairs is selected at the
beginning of each call. With this large number of
channels and DCA, the blocking probability is low,
even in densely popuiated areas. CT1 historically
is a coexistence standard rather than an interop-
erability standard, which has the consequence that
equipment from different manufacturersis typically
incompatible. This situation also has advantages,
however,; it provides opportunities for new features
such as scrambling to provide speech privacy, and
cordless PBX applications. Such enhancements
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CT2isan
FDMA/TDD
air interface
optimized for
low-cost
implementa-
tion of digital
cordless and
Telepoint
systems.

® TDD is not used more
widely (e.g., in cellular
systems) because it has
disadvantages that are
significant for some appii-
cations. TDD requires
systemwide frame syn-
chronization to avoid
base-to-base and mobile-
to-mobile interference,
doubles the RF symbol
rate {or halves the utiliza-
tion of the front-end radio
hardware in the base sta-
tion), and requires addi-
tional guard time (which
imposes subseantial over-
head for large cells).

would have been impossible to implement under
a tightly-specified standard. Total annual sales
for CT1/CT1+ are estimated at 2.2 million units and
are expected to increase to 2.5 million and 2.7
million in 1995 and 1996, respectively. The cur-
rent embedded base is estimated at 5.4 million units.

In Japan, there are 89 duplex channels near
254 MHz (handset transmit) and 380 MHz (base
transmit) allocated to analog cordless telephones
using FM [17). The channel spacing is 12.5 kHz
and the allowed transmit power is 10 mW. Unlike
CEPT/CTI1, there are two dedicated control
channels, to facilitate fast connections and conserve
battery life, at the price of somewhat reduced robust-
ness against interference. Typical battery life in
the “standby” mode between charges is 150 to
190 hours. The total market penetration is rough-
ly 20 million units, with retaii sales of 3 to 4 mil-
lion units annually.

In addition, very low-power (500 nV/mat 3 meters,
or roughly 50 nW ERP) cordless telephones are
allowed in Japan below 350 MHz and above 1 GHz.
However, the demand for these devices is fairly small
due to their very limited operating range (on the
order of 10 m).

Digital Cordless

The CT2 Common Air Interface — The deficiencies
of the analog MPT1322 cordless systems in the
United Kingdom (most notably the limited num-
ber of channels and resulting high blocking prob-
ability) stimulated the development of an afternative
that later became the CT2/Commen Air Interface
{CAIl). The most salient features of that standard are
the digital transmission format and the use of
time division duplexing (TDD). With CT2, speech
is first digitized using a 32 kb/s adaptive differen-
tial pulse code modulation (ADPCM) encoder
(CCITT G.721). The time-compressed digitized
speech and control data are modulated onto a
carrier at a rate of 72 kb/s using Gaussian filtered
FSK (GFSK) and are transmitted in 2-ms frames.
Each frame includes one base-to-handset and
one handset-to-base burst (Fig. 1). This mode of
duplexing (TDD) has significant advantages: the
expensive duplex filter required with frequency
duplexing is replaced by a switch; both transmis-
sion and reception antenna diversity can be used
(due to propagation path reciprocity); and rather
arbitrary frequency bands can be allocated (fre-
quency-duplexed systems need symmetric pairs
of bands separated by several MHz)."

The CT2 spectrum allocation consists of 40
FDMA channelswith 100-kHz spacingin the range
864-868 MHz. The i00-kHz spacing reduces the
bandwidth efficiency to half its value for CT1 (50
kHz per duplex channel). The maximum transmit
power is 10 mW, and two-level power control
helps to prevent the desensitization of base sta-
tiont receivers, and as a by-product, contributes to
improved frequency reuse. A call re-establish-
ment procedure on another carrier after three
seconds of handshake failure gives robustness against
the usual impairments of radio channels. The
control data bits are protected against errors.

CT2also supports the transmission of data, up to
2.4 kb/s through the speech codec (4.8 kb/s with an
increased error rate), and higher rates by access-
ing the 32 kb/s bearer channel directly,

CT2waspromoted asa Teiepoint standard, Tele-

point networks use cordléss base stations 10 pro-
vide wireless pay phone services. Incoming calls
are not supported with the basicsérvice, They require
additiona! functionality such as manual registra-
tion and paging. User acceptance of CT2-Telepoint
varies widely over the continents. No breakthrough
was achieved in Europe; in the United Kingdom.
for example, the last operator terminated ser-
vice in 1993, In Hong Kong, however, there are
150 000 subscribers to CT2 Telepoint service, and
systems are being deployed in other parts of
Southeast Asia, including China, Malaysia, Singa-
pore, and Thailand. European sales of CT2 hand-
sets for 1994 are estimated to be 0.4 million, with
projected increases to (.5 and 0.6 millionin 1995 and
1996, respectively. The current embedded base is
estimated at 0.6 million units.

A Canadian enhancement of the CT2 CAIL
called CT2+, is designed to provide some of the
missing mobility management functions. For that
purpose, 5 of the 40 carriers are reserved for sig-
naling. Each carrier provides 12 Common Signal-
ing Channels (CSC) using TDMA. These channels
support location registration, location updating.
and paging, thereby enabling the Telepoint sub-
scriber to receive calls. CT2+ operates in the fre-
quency band 944-948 MHz.

In summary, the family of CT2 standards is an
attractive option forcordiess and Telepoint systems
optimized with respect to cost. A more detailed
description of CT2 can be found in {18].

DECT — Digital European Cordless Telecom-
munications — DECT is designed as a flexible
interface to provide cost-effective communication
services to high user densities in picocells, even
with colocated systems that are not coordinated. The
standard is intended for applications such as
domestic cordless telephony, Telepoint, cordless
PBXs, and RLL. It supports multiple bearer
channels for speech and data transmission (which
can be set up and released during a call), han-
dover, location registration, and paging. Function-
ally, DECT is closer to a cellular system than to a
classical cordless telephone. However, the interface
to the PSTN or ISDN network remains the same
as for a PBX or corded telephone.

DECT uses TDMA and TDD, with 12 slots per
carrier in each direction (Fig. 1). A DECT base
station therefore can support multiple handsets simul-
taneously with a single transceiver. Furthermore.
it can allocate several slots to a single call to pro-
vide higher data rates, In addition to the advan-
tages of TDD discussed above, the flexible
allocation of slots to one or the other direction allows
DECT to adjust for traffic asymmetries such as
can occur during data base retrieval. To meet
the expected traffic density, 10 carriersin the band
1880-1900 MHz are allocated in the initial imple-
mentation. The basic speech teleservice uses the
same 32 kb/s ADPCM coding as CT2.

A key element of DECT is its “interference
confinement” and “interference avoidance” strat-
egy. The former involves the concentration of
interference to a small time-frequencyelementeven
at the price of a reduced robustness, and the lat-
ter implies the avoidance of time-frequency slots
with asignificant level of interference by a handover
to ancther slot at the same or another base station.
This is a powerful approach for the uncoordinated
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B Table 2. Summary of digital cordless air interface parameters.

operation of base stations, since the interference
caused by a foreign mobile station approaching a
base station may reach a level at which no practical
amount of baseband processing can recover the
desiredsignal. Ina cellular system, a handover to the
closer base station takes place under such circum-
stances. With DECT, this is only possible if the
foreign mobile station has the required access rights.

DECT is designed for low cost, flexibility, and
operation in an uncoordinated environment. Among
other things, this means that the base stations
need not be synchronized. Various mechanisms,
including fields for synchronization and parity, allow
the detection of sliding collisions and the initia-
tion of corrective actions such as handover. The infor-
mation about accessrights, base station capabilities,
paging messages, etc., is multiplexed onto the
control channel of each active transmission to
optimize the utilization of the base station trans-
mitter and to obtain robustness; a dummy bearer
is used when there is no active call. The problem
of inadequate frequency-switching speedin the base
station synthesizer is taken into account by the
provision of a list of “blind” slots. Due to the high
signaling rate (1152 kb/s) and the corresponding-
ly large bandwidth, either equalization or anten-
na diversity typically is needed for using DECT in
the more dispersive microcells (Telepoint or RLL
applications), This issue is currently under study, and
field tests are being performed. Finally, a multiframe
structure, which zllows for a sleep mode of the hand-
set, contributes to the conservation of battery life.
Clearly, this short summary of DECT characteris-
tics is only a representative selection to convey
the spirit of the design.

For flexibility and broad applicability, DECT
closely foliows the Open Systems Interconnect
(OSI) reference model, and it allows for a series
of escape routes to proprietary additions and
alternatives, which in particular include the possi-
bility of specifying alternative Medium Access
Control{MAC), Data Link Control (DLC) and net-
work-layer protocols. This possibility is key to the
future evolution.

In Europe, the first DECT systems are cur-
rently being shipped, primarily for business and
domestic applications. DECT unit sales for 1994
are estimated at about 0.1 million. DECT and
possible variants of it are the potential basis for
low cost, picocell based systems in the near future.

In summary, DECT is a flexible standard for
providing a wide range of services in small cells. An
overview of basic design considerations is given in
[19]. Detailed specifications are included in [20).

Personal Handyphone System — A study for
the next generation portable telephone systems
in Japan was initiated in January 1989 under the
auspices of MPT. Following the report, the con-
cept of the Personal Handyphone System (PHS, for-
merly PHP) was launched, on the basis of a digital
cordless telephone and a digital network. The sys-
tem objectives of PHS are to provide for not only
home and office use, but also for public access
capability [21]. The air interface protocol for
PHS was determined by the Research & Devel-
opment Center for Radio Systems (RCR), and
the network interface was determined by the
Telecommunications Technical Committee (TTC)
{22).

Like DECT, the PHS standard uses TDMA and
TDD, but each frequency carries 4 duplex bearer
channels rather than 12. The RF channel rate of
384 kb/s was chosen based on the tradeoff between
maximizing the multiplexing number and mini-
mizing the effects of frequency-setective fading,
particularly in outdoer environments (250-ns delay
spread}.

The PHS allocation consists of 77 channels,
300 kHz in width, in the band 1895-1918.1 MHz.
The band 1906.1-1918.1 MHz (40 frequencies) is
designated for public systems, and the band 1895-
1906.1 MHz (37 frequencies} is used for home/office
apptications. The channel is autonomously select-
ed by measuring the field strength and selecting a
channel on which it is below a prescribed level,
i.e., fully dynamic channel assignment is used.
The modulation is n/4 DQPSK, and the average

Sy
o

DECTisa
flexible
standard for
providing a

ES

wide range of
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Direct
sequence and
frequency
hopping
digital
cordless
telephones
operate in
the 902-928
MH:z band in
the United
States.

10 Frequency hopping sys-
tems are requsired (o use
pseudo- random hopping
patterns of at least 50 fre-
quencies in the 902-928
MHz band, and at least
73 frequencies in the other
bands. Direct sequence
systerns must have a pro-
cessing gain of at least 10
dB and a 6 dB bandwidih
of at least 500 kHz.

transmit power per direction is 10 mW (80 mW peak
power) forthe handset and no greater than 500 mW
{4W peak) for the cell site. The frame duration is
5ms. Like DECT and CT2, PHS uses 32kb/s ADPCM
speech coding, and error detection in the form of
a cyclic redundancy check (CRC) is provided, but
there is no error correction. Unlike DECT, however,
PHS provides dedicated control channels. The
typical talk and standby time are 5 hours and 150
hours, respectively. PHS supports handoffs (as
an option), although it is confined to walking
speed. Taking advantage of the channel reciproc-
ityinherentwith TDD and low-speed mobility, trans-
mission diversity is provided on the forward link.
Reception diversity at the base station canbe used on
the reverse link. Moreover, muting of the audiospeech
signal improves voice quality on both links in fad-
ing channels. As for data transmission capability,
PHS currently can support G3 fax at 4.2 to 7.8 kb/s
and full-dupiex modem transmission at 2.4 to 9.6
kb/s through the speech codec. A new standard wilt
be established to support 32- or 64-kb/s data by direct
access 1o one or two bearer channels, respectively.
The home/office application for PHS has already
been introduced in Japan, and the public applica-
tion will be introduced this year. For purposes of pro-
viding service, Japan is divided into 11 regions,
with at most three operators per region licensed
to offer public access systems using the 12 MHz
of availabie spectrum. The potential subscriber base
for PHS is estimated to be 5.5 million in 1998 and
39 million in 2010. PHS also is expected to be
introduced soon to provide cost-effective local wire-
less access (i.e., RLL), See [23] for a discussion of
PHS network aspects and anticipated services,

WACS and PACS — In the United States, Bell Com-
munications Research (Bellcore) developed an
air interface for Wireless Access Communica-
tions Systems { WACS){24]. This interface isintend-
ed to provide wireless connectivity to the local
exchange carrier (LEC), and is designed with
low-speed portable applications and small-cell
systems in mind. Base stations are envisioned as
shoebox-sized enclosures mounted on telephone
poles, separated by about 600 m. The WACS air
interface is similar to the digital cordless inter-
faces, with two notable exceptions: frequency-
division duplexing (FDDY) is used rather than
TDD, and greater effort has been made to opti-
mize the link budget and frequency reuse.

Inthe original design, each frequency carried ten
user timestots. Speech coding was 32 kb/s, with a
superframe structure to allow for lower rate speech
codecs. The frame duration was 2 milliseconds to
minimize the delay added to the speech path. The
modulation was QPSK (Quaternary Phase-Shift
Keying) with coherent detection, which provides
substantially better performance than the dis-
criminator-based receivers used in most digital
cordless systems. Two-branch polarization diver-
sity at both the handset and base with feedback
gives an advantage approaching that of four-
branch reception diversity. Like the digital cord-
less air interfaces, the WACS design provides for
error detection but not for FEC or adaptive
equalization. Potential applications envisioned
for WACS include RLL, portabie publicservice, and
wireless PBX.

As part of the standards process in the United

States related to the recently-allocated spectrum

near 2 GHz for Personal Communications Ser-
vices (PCS) discussed below, attributes of WACS
and PHS have been combined to create an indus-
try standard proposal for Personal Access Com-
munications Services (PACS). PACS is intended
as a “low-tier” air interface for the licensed por-
tion of the new 2-GHz spectrum. PACS retains many
of the attributes of the original WACS design.
The main changes include a reduction of the
number of timeslots from ten to eight, and a cor-
responding reduction in the channel bit rate and
bandwidth, as well as a slight increase in the
frame duration. The modulation has been changed
to n/4 QPSK, and coherent detection is used.

Table 2 shows the key physical layer parame-
ters for CT2/CT2+, DECT, PHS, and PACS.

Digital Cordless in the North American ISM
Bands — There are a number of frequency bands
reserved for Industrial, Scientific, and Medical
(ISM) devices. These devices generally use RF
energy for heating rather than communication, and
include applications such as microwave ovens, RF
welders, and plywood heaters. In the United
States and Canada, these bands include 902-928
MHz, 2400-2483.5 MHz, and 5725-5850 MHz. Unli-
censed devices such as cordless telephones that
use either frequency hopping or direct sequence
spreading!? are allowed to operate in these ISM
bands with up to 1 watt of transmit power. Devices
not using frequency hopping or direct sequence
spreading are limited to a field strength of 50
mV/m at 3 meters, or about 0.5 mW ERP.

There currently are digital cordless telephones
using both frequency hopping and direct sequence
spreading, operating in the 902-928 MHz band.
There are no detailed standards specifically gov-
eming ISM band cordless telephones. Manufacturers
therefore have considerable design freedom forinno-
vation and application of advances in technology
without being constrained by channelization
plans and operational restrictions based on older
technologies. However, the interference environ-
ment tends to be undisciplined and difficult to
predict. This situation places a premium on
designs that are sufficiently robust and flexible to
operate in the presence of unpredictable interfer-
ence or to avoid it.

Digital Cordless Compared to Digital
Cellular

From the foregoing summaries of the various dig-
ital cordless air interfaces, it is clear that while
there are significant differences among them,
they have a number of characteristics in common
which distinguish them from the digital cellular
technologies discussed earlier. In general, the
digital cordless systems are optimized for low-
complexity equipment and high-quality speech in
a quasi-static environment (with respect to user
mobility). Conversely, the digital cellular air
interfaces are geared toward maximizing bandwidth
efficiency and frequency reuse in a macrocellular,
high-speed fading environment. This is achieved
at the price of increased complexity in the terminal
and base station. As summarized in Fable 3, the
physical layer parameters for digital cordless and
digital cellular technologies reflect these respec-
tive design objectives.
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Wireless Data

ireless data systems are designed for pack-
Wet-switched {“asynchronous”) rather thancir-
cuit-switched (“isochronous’) operation, Operators
of wide-area messaging systems use licensed
spectrum, and sell service to customers. Con-
versely, wireless local area networks (LANs) are usu-
ally privately owned and operated, and provide
high-rate data communication over a small area.
With the exception of the Altair system, wireless
LANs are unlicensed and typically operate in the
ISMbands (except for the infrared systems). Abrief
summary of wireless data systems is provided
here; see [25] for a detailed discussion and an
extensive reference list.

Wide Area Data Service

Advanced Radio Data Information Service (ARDIS)
and RAM Mobile Data (RMD) offer wireless
packet data messaging service over their dedicat-
ed networks using the specialized mobile radio (SMR)
frequencies near 800/900 MHz. Both are avail-
able to 90 percent of the urban business population
in the United States, and have a combined total
of roughly 52,000 subscribers. ARDIS offers service
in over 400 metropolitan areas. The data rate is
4.8 kby/s, with upgrades underway to 19.2kb/s insome
areas. RMD offersservice over its Mobitex network,
providing coverage in 216 metropolitan areas, with
10 to 30 duplex channels available in each area.
The data rate is 8 kb/s. The Mobitex architecture
was originally developed by Telia, the Swedish
national operator. To encourage the development
of multiple equipment sources, Mobitex software
and hardware specifications arc made available
without any license or fee. The specifications are
published by the Mobitex Operators’ Association
{(MOA). As a result, there are a number of termi-
nal suppliers, Mobitex networks are operational
in 10 countries besides the United States.

Cellular Digital Packet Data (CDPD} does
not require a specialized network but rather uses
the existing analog cellular network. CDPD takes
advantage of the idle time on the analog AMPS
channels to transmit packet data at arate of 19.2kby/s.
It is designed to operate as a “transparent” over-
lay on the AMPS system.

The Generat Packet Radio Service (GPRS) stan-
dard is being developed to provide packet data
service over the GSM infrastructure. Two alter-
native approaches are being considered: 1) the ailo-
cation of specific GSM channels for packet
transmission, which are shared by all active pack-
etsubscribers; and 2) the fast establishment of a GSM
traffic channel on any radio resource available.
The high grade service aims at a packet error rate
of 10 and a delay less than 1 s. Particular atten-
tionis given to the interworking with Public Switched
Packet Data Networks and Internet.

There also are wireless data services emerging
in the United States that operate on an unli-
censed basis in ISM spectrum. The recently-
announced RicochetT™Mwireless packet datasystem
uses a microcell architecture with smatl, inexpen-
sive, easily-installed base stations mounted on the
tops of jamp posts, utility poies, and buildings.
The customer accesses the network via a wircless
modem that connects to the serial port of a lap-
top or notebook computer.

Characteristics
Antenna elevation | low (15m or less) high {15m or more)

.1_:}?;-'_‘ hlgh l

exchisive:

L
¥ D M T

[ B

Design attrib

4100 fo 600 mW

Duplexing - "

FDD i
;§pee‘5:h?od:‘;'i{9"§§ ik 3 8 t0'13 Kb/s vocoder
Error control FEC/interleaving
‘Detection: 3¢, L +| discrimyditferential? = - | coherent/differential
Multipath mitigation antenna diversity {opt.) | diversity/equalizer/Rake -

*PACS uses frequency duplexing and coherent detection.

M Table 3. General comparison of digital cordless and digital cellular air
interfaces.

Wireless Local Area Networks (LANs)

Wireless LANs are targeted primarily for high
data rates (generally = 1 Mb/s) and in-building
applications, and may be preferable to their wired
counterparts for situations in which wiring is
difficult or impractical, or some degree of maobili-
ty is needed. There currently are a number of
products available that operate on an unlicensed
basis in the ISM bands, such as FreePort™ and
WaveLAN.® FreePort provides a wireless Ether-
net® (IEEE 802.3) hub and operates in the 2400-
2483.5 MHz (hub receive) and 5725-5850 MHz
(hub transmit) [SM bands, using direct sequence
spreading. WaveLAN [26] provides peer-to-peer
communication in the 902-928 MHz band in the
United States and in the 2.4-2.48 GHz band in
most other countries (it is available in 39 coun-
tries outside the United States). WaveLAN uses
direct sequence spreading with a Carrier Sense
Multiple Access/Collision Avoidance (CSMA/CA)
protocol. Altair uses the Ethernet protocol and
operates in the terrestrial microwave spectrum
near 18 GHz; a site-specific U.S. FCC license is
required.

Standards are being developed for wireless
LANSs, under IEEE 802.11 in the United States
and ETSI/RES10 in Europe (known as HIPER-
LAN, for High Performance Radio LAN). There
are a number of similarities between the IEEE
802.11 and the HIPERLAN work. Both stan-
dards are intended for rates exceeding 1Mb/s,
and will support architectures with an infrastruc-
ture as well as “ad hoc” architectures, whereby
terminals communicate directly with each other
{peer-to-peer} without the mediation of a fixed
base station. Point-to-point, point-to-multi-
point, and broadcast services will be available,
While asynchronous packet transmission will be

IFEE Communications Murizine © Taviny 1995 /{O 37

e

R i T T e e T T T g A o A




(PHpUMS-Pp) | 3

] Figure 4, The U.S. PCS frequency plan. MTA is “major trading area” and
BTA is “basic trading area.”

1 The MAC layer man-
ages the access 10 the
radio channel(s). In terms
of the OSI reference
model, the MAC is the
lower part of the data link
layer, directly above the
physical layer. The upper
part of the data link layer
is the logical link control
(LLC) layer.

the dominant mode, distributed time-bounded
services (DTBS) will also be supported. Finally,
since it is anticipated that many terminals will be
battery-powered, the standards will incorporate a
sleep mode for power management.

There also are some differences between IEEE
802.11 and HIPERLAN. The initial focus of
IEEE 802.11 is the development of a single standard
for the MAC layer,!! and multiple physical-layer
standards compatible with the single MAC, Ini-
tial work on physical-layer standards is focused
on both direct sequence and frequency hopping for
the 2.4-GHz ISM band. Other physical layer stan-
dards, including one for the 1.9 GHz unlicensed PCS
band (discussed below), are anticipated. In addition,
astandard for abaseband infrared (IR) physical layer
is under development.

HIPERLAN is focusing on higher data rates than
IEEE802.11. This is made possible by the allocation
of large dedicated bands: 5150-5300 MHz plus
another 200 MHz near 17 GHz. Furthermore, the
HIPERLAN standard is planned to include pro-
visions for a flexible forwarding mechanism for
ad-hoc (non-infrastructure) networks, to extend
the effective range of the terminals. The nodes
are subdivided into forwarding and non-forward-
ing nodes, and a self-adapting wireless LAN is
created. Finally, HIPERLAN is placing more
emphasis on DTBS.

In Japan, two types of wireless LANs have
been standardized. One is for medium rates in
the range of 256 kb/s to 2 Mb/s using spread spec-
trum in the 2.4 GHz ISM band. The other is for
highrates{= 10Mb/s}using Quadrature Amplitude
Modulation (QAM), QPSK, or 4-level FSK, and
operating near 18 GHz.

Ongoing Work and the Future

The future of wireless personal communica-
tions offers many possibilities. Continuous
improvements in microelectronics technology
and radio link techniques coupled with advances
in network signaling and control capabilities wilt
support increasingly sophisticated features and
services. Part of the challenge in planning future
wireless systems is to determine the services that
they will be required to support. This has been
the major thrust of TG8/1 of the ITU-R (the
International Telecommunication Union-Radio-
communication sector, formerty CCIR), which is
defining Future Public Land Mobile Telecom-
munication Systems (FPLMTS). Spectrum was
allocated on an international basis to FPLMTS

at the 1992 World Administrative Radio Confer-

ence (WARC '92), as shown in Fig. 3, For more
detail on the WARC *92 allocations, refer to ref-
erence [27]. "

Universal Mobile Telecommunications
Systems (UMTS) in Europe

in Europe, the long term goal isa Umvctsal Mobile
Telecommunications System (UMTS), which uni-
fies the worlds of cellular, cordless, RLL, low-end
wireless LAN, private mobile radio (PMR), and
paging. The idea is to provide the same type of
services everywhere, with the only limitation
being that the available data rate may depend on
the location (environment) and the load of the
system. The scope is a multi-operator system with
mixed cell architectures and multimedia capabili-
ties. These requirements are difficult to meet.
They have implications on both the radio intet-
face and the protocol structure. .

GSM and DCS1800 are actively being pushed
towards a UMTS and get rather close to it. Radio
local loop service to the home and business, as
well as PBX functionality in the public switches, could
take over cordless functions if service is provided
at an adequate price. A major unsclved issue is
the provision of higher datarates, Under ratheropti-
mistic conditions, an alternative modulation scheme
and the use of asymmetric slot allocations could boost
the rate perhaps up to 64 kb/s, but certainly not
to 2 Mb/s. Spectrum cfficiency and costs for the
low end are issues also.

DECT could grow beyond its present application
arcas of cordless phone, PBX and Telepoint.
Studies and field trials currontly are being performed
for local loop replacement. The extension of the
range by more advanced antenna systems and
some form of equalization, as well as repeaters, are
important issues in this context. DECT could sup-
port the low-cost mass-market in densely populated
areas, leaving wide area coverage to cellular sys-
tems (partial UMTS). Dynamic channel alloca-
tion and the high degree of flexibility in providing
new services, by combining channels to achieve
higher data rates (without modification of the
standard perhaps up to 200 kb/s/transceiver) are
other assets. Finally, the use of a DECT air inter-
face in conjunction with the GSM infrastructure
also is being studied.

The projects Advanced TDMA (ATDMA) and
Code Division Testbed (CODIT) from the R & D
in Advanced Communications Technologies in
Europe (RACE) program follow more revolutionary
approaches to UMTS. The former project uses
TDMA, and the latter one, CDMA as the principal
access technique. Both projects seek higher data
rates. In the testbeds, rates up to 64 and 128 kb/s are
being considered, and the concept work includes
burst rates up to 2 Mb/s. Low delay connectionless
packet transmissions and access to the Internet
alsoare being addressed. A type of multimedia capa-
bility with the parallel transmission of speech and
fax or aconcurrent retrieval of data from a database
is possible in CODIT, for example. Many aspects
of the TDMA and CDMA approaches have been
introduced in the previous sections. A few prop-
erties that have received particular attention in
view of the UMTS objectives are as follows. With
CDMA, abandwidth that is in excess of the optimum
bandwidth for a given environment can be tolerated
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and cells of widely varying size can be accommodated
with almost no penalty onspectrum efficiency. With
TDMA, different operators (smaller bandwidth)
and uncoordinated environments (see DECT)
can be supported more easily. Both projects have
tried to solve some of the inconveniences of the
respective approaches. In ATDMA, a type of soft
performance degradation is achieved by trading
the rate of the speech coding against the rate of the
error correction coding. In order to take advan-
tage of speech activity, the combination of talk-
spurt detection and a Packet Reservation Multiple
Access (PRMA) scheme has been studied. In
CODIT, interfrequency handover is included to
switch from embedded microceils to overlaying
macroceils or from a cellular environment to an
uncoordinated one. Inuncoordinated environments,
interference from ncighbor systems is detected by
the mobile station. The presence of the latter inter-
ference, which is an indication of a close base
station that could be blocked, triggers a handover
to another frequency or to a ceilular operator.
As is to be expected, both projects try to develop
the specific strengths of their own approach, but
try also to find mechanisms for including the
advantagesof the competing approach. The soft degra-
dation introduced in TDMA or the interfrequency
handover introduced in CDMA, in order to sup-
port interoperability between coliocated opera-
tors, are examples. Both approaches look promising,
with some advantage for CDMA in celluiar envi-
ronments and for TDMA in uncoordinated envi-
ronments.

Additional concepts are considered outside
ETSI and RACE also. “Page and answer” is an
ideabeinginvestigated at Ascom, for example. Inits
simplest form, an incoming call is put on hold at a
server, whichissues a page. The called party responds
on the most suitable terminal (wired, cordless, or
cellular) and answers using a wrist pager sending
dual-tone multifrequency (DTMF) tones toconnect
(toll-free) and authenticate to the server. The
server thencompletes the connection. More advanced
implementations are also being conceived. Advan-
tages of such approaches are that they save invest-
ment, do not require heavy handsets with rather
limited operation times, avoid unnecessary restric-
tions on data rates (in the office, at home}), and main-
tain the traditional charging of the calling side,

In summary, the mainstream in Europe is cur-
rently exploiting the potential of GSM and DECT,
including further evolutions and the interworking of
thesestandards. Other standards are being finalized,
forwireless LAN (HIPERLAN) and PMR (TETRA,
for Trans European Trunked Radio System), for
example. Concurrently, the definition and specifi-
cation of a UMTS is being attempted within ETSI
and supported by RACE. The design of ISM
band and other non-standardized systems also is
being pursued but with a lesser emphasis.

PCS in the Emerging Technologies
Bands in the United States

The path being taken toward future wireless sys-
tems in the United States is very different from
thatin Europe. In support of a free-market approach,
the FCC has recently allocated 140 MHz of spec-
trum near 2 GHz to PCS. Figure 4 shows the
exact frequencies. Note that the A and B blocks
are designated for major trading areas (MTAs),

while blocks C through F are to be licensedon

the basis of BTAs (basic trading areas), There are
51 MTAs and 492 BT As in the United States
(which suggests a rough comparison of MTAs to
states and BTAs to counties). In addition to the
allocations for licensed terrestrial systems, a total
of 20 MHz was atlocated for unlicensed applications
{and more is expected in the near future}. Of this,
10MHz is designated for “isochronous” (i.e., circuit-
switched) applications such as voice, and 10 MHz
for “asynchronous” applications like wireless
packet data. Equipment operating in the 2-GHz
unlicensed band wil be required to comply with
a “spectral etiquette” incorporated into Part 5
of the FCC rules. This etiquette was deveioped
by the technical subcommittee WINTech of the
industry body WINForum, and is intended to
promote harmonious coexistence of diverse systems
in the unlicensed band while allowing designers
considerable flexibility with respect to system
architecture (modulation, coding, signaling pro-
tocols, frame structure, etc.). Two of the essential
ingredients in the etiquette are 1) a “listen before
talk” (LBT) requirement, intended to prevent a trans-
mitter from interrupting communication already
in progress on a frequency; and 2) a transmit
power limit that varies as the square root of the
signal bandwidth, intended to putwideband and nar-
rowband systems on a relatively even footing with
respect to interference and use of the spectrum.

The FCC is awarding licenses in the PCS
spectrum via “competitive bidding” (i.e., auc-
tions). The winner of each license is free to use
any desired air interface and system architecture,
provided it complies with the FCC rules govern-
ing transmit power levels, etc. Hence, there are
no predetermined standards for systems that will
be operating in the 2-GHz PCS spectrum. This
has led the T1A and Committee T1 of the Alliance
for Telecommunications Industry Solutions (ATIS,
formerly the Exchange Carrier Standards Associ-
ation) to form a Joint Technical Committee (JTC)
to review potential PCS standards submitted by
contributors, and to make recommendations. The
JTC has recognized that PCS standards fall natu-
rally into two categories: “high tier,” supporting
macrocells and high-speed mobility; and “low
tier,” optimized for low power and low complexi-
ty. These two tiers essentially correspond to the
“digital cellular” and “digital cordless” categories,
respectively, discussed earlier. At this point, the
JTC has narrowed the initial list of 16 possible
standards down to seven. Five of these are variations
of existing air interfaces: PACS (low-tier) and
proposals based on GSM, [5-54, and IS-95
(high-tier) as well as DECT (low-tier). The other
twoare based on a hybrid TDMA/CDMA approach,
and wideband CDMA (W-CDMA), respectively.
In addition, the T1A has initiated an activity under
its TR41 technical committee to develop standards
for wireless user premises equipment { WUPE)
operating in the unlicensed PCS band.

The 2-GHz PCS spectrum currently is occu-
pied by operating point-to-point microwave radio
systems. For the most part, these incumbent
transmission links must be retocated to other fre-
quencies (e.g., 6 GHz) or converted to optical fiber
facilities before PCS systems can be deployed,!2
The PCS licensee is required to compensate the
incumbent for the cost of relocating. For the unli-

The
mainstream
in Europe is
currently
exploiting the
potential of
GSM and
DECT,
including
further
evolutions
and the
interworking
of these
standards.

'2 fn some cases, it may
be possible to frequency-
coordinate berween the
PCS aperator and an
incumbent to avoid inter-
ference.
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censed band, financing the cost of relocating the
incumbents is less straightforward, since an equi-
table mechanism must be developed for sharing
the cost of relocation among the purveyors of
unlicensed equipment. In addition, during the
transition period, the usage of specific frequencies
in specific areas must be limited to those which
have been cleared. The industry forum UTAM,
Inc. (for Unlicensed PCS Ad Hoc Committee for
2 GHz Microwave Transition And Management)
was formed to deal with these issues.

FPLMTS Work in Japan

Japan has estaablished a new standardization com-
mittee and related working groups in connection: with
FPLMTS work. CDMA as well as advanced
TDMA technologies are being studied, including
progagation and access tests, to contribute to
ITU-R standardization activities.

Global:Mobile Satellite Services

There are some situations in which providing
radio coverage with cellular-like terrestrial wire-
less networks is either not economically viable
(such as in remote, sparsely-populated areas), or
physically impractical (such as over large bodies
of water). In these cases, mobile satellite services

(MSS) could fill the gap, allowing complete glob-
al coverage. Spectrum has been designated by the
ITU for MSS (as shown in Fig. 3), and there are many
MSS systems in various stages of concept, design.
and operation. Some support only data services
while others accommodate voice as well. Some
are designed for special purposes and/or private user
groups while others are intended for general
(public) use and interconnection to the PSTN.
The latter could support universal wireless com-
munications.

One way to broadly categorize MSS systems is
according to the orbital altitude of the sateilites:
geostationary satellites (GEOS), at an altitude of
35,786 km: low earth orbit satellites (LEOS), at
altitudes on the order of 1,000 km; medium earth orbit
satellites (MEOS), at altitudesonthe order of 10,000
km; and highly elliptical orbit satellites (HEOS), with
widely varying altitudes. GEOS systems for public
use include INMARSAT-M, MSAT, ACTS.
MOBILESAT, and NSTAR. LEOS systems
include Iridium [28] (66 satellites at roughly 770 km).
Globalstar (48 satellites at 1400 km), and Teledesic
(840 satellites at 700 km). Odyssey is a MEOS
proposal with 12 satellites at about 10,600 km.
and the ELMSAT proposal specifies a HEOS
approach with two or three satellites.

Guide to Wireless Acronyms and Abbrewqﬁgns
ADPCM  Adaptive differential puise code modulation -standard, U.S.) | #5:&%5 5e
AMPS Advanced Mobile Phone Service ISDN Integrated Services Digital Network .
COMA Code division multiple access .. ISM Industrial, Scientific, and Medicai (bands, devices)
PO Cellular Digital Packet Data (U.5.) . {TU-R ., International Telecommunication Union-radio
CEPT Conférence Européenne des Postes et Télécom- . communication sector . .
munications ‘ . LEOS . Low earth orbit satellite =
CRC Cydlic redundancy check MAC  Medium access control {layer) .
cr Cordless Telephone (interim ETS| standards, e.g., CT1} MNP " Microcom N king Protocol .
DCA Dynamic channel assignment MPT " Ministry of Posts and Telecommunications (Japan)
DCS1800  Digital Cellular System 1800 (Europe) Mss Mobile satellite services (or systems) '
DECT Digital European Cordless Telecommunications NMT Nordic Mobhile Telephone (Europe}
DLC Data link control (layer) PACS Personal Access Communications Services
DQPSK Differential quaternary phase shift keying PBX Private branch exchange
ElA Electronic Industries Association (U.5.) PCN Personal Communications Network (Europe)
ERP Effective radiated power PCS sersonal Communications Services (U.5.)
ETSI European Telecommunications Standards Institute PDC Personal Digital Cellular (Japan)
FCC Federal Communications Commission (U.5.) PHS Personal Handyphone System {(Japan, formerly PHP}
FDO Frequency division duplexing PMR Private mobile radio '
FOMA Frequency division muitiple access PRMA Packet Reservation Multiple Access
FEC Forward error correction (channel coding; e.g., con- PSTN Public Switched Telephone Network
volutional coding) QPsK Quaternary Phase Shift Keying
M Frequency modulation RACE R & D in Advanced Communications Technolegies in
FPLMTS Future Public Land Mobile Telecommunication Europe :
Systemns RCR Research & development Center for Radic systerns (Japan)
FSK freguency shift keying RF Radio frequency Co
GFsSK Gaussian filtered FSK RLL Radio local loop et
GMSK Gaussian minimum shift keying RTMS Radio Telephone Mobile System (ltaly)
GPRS General Packet Radio Service (GSM connectionless RX Receive or reception = :+- .
packet service, ETSt, Europe) SMR Specialized mobile radio .7 . o
GSM Groupe Spécial Mobile (originally) currently Global TACS Total Access Communication System (Europe) -
System for Mobile Communication (ETSi, Europe) TOD Time division duplexing . R
HIPERLAN  High Performance Radio Local Area Network TDMA Time division multiple access e
{ETSI, Europe) TETRA Trans European Trunked Radio System o
INMARSAT International Maritime Satellite Organization TIA Telecommunications Industry Association (U.S.)
R Infrared TrC Telecornmunication Technical Committee {Japan)
15-41 Interim Standard 41 (TIA/EIA ceilular network ™ Transmit or transmission
signaling standard, U.S.) uUMTS Universal Mobile Telecommunications System
15-54 Interim Standard 54 (TIA/EIA TDMA ceiluiar VSELP Vector sum excited linear prediction (speech coding)
standard, U.5.) WACS Wireless Access Communications Systems
15-95 interim Standard 95 (TIA/EIA CDMA cellular WARC World Administrative Radio Conference
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A major advantage of using GEOS is that con-
tinuous global coverage up to 75° latitude can be
provided with only 3 satellites. Drawbacks include
the 240-t0-270-ms round trip propagation delay and
the high RF power required. Although the LEOS
approach minimizes the required transmit power
(making smalil portable handsets viable) as well as
the delay, there are also disadvantages. Due to
the large number of satellites required to provide
global coverage and their limited lifetime (five toten
years due to orbital decay), replacement satellites
will have to be launched frequentily. Moreover,
the rapid movement of the LEOS “cells” relative to
the earth (about 7.4 km/s for Iridium) requires
frequent handoffs.

A detailed discussion of mobiie satellite com-
munications is beyond the scope of this articie
(see [29] and [30] for details), but it should be
noted that there are some economic viability
issues. The network operating and maintenance costs
must be balanced against the willingness-to-pay
of a sufficiently large market to support the ser-
vice. Despite the technical and economic hurdles,
however, MSS may become an important compo-
nent in the future wireless global network.

Conclusion

W ireless personal communications is in the pro-
cess of revolutionizing telecommunications
services and the way in which people use them. Over-
all growth in the cordless and cellular markets
during recent years has exceeded expectations. There
is widespread anticipation that customer demand
for wireless telecommunications will continue to
expand for the foreseeable future. This is reflect-
ed by the high level of engineering activity and
standards development worldwide. There are
many different views on what the future will bring
in terms of wireless capabilities and designs.
However, one thing is clear: wireless personal
communications has achieved “mainstream” sta-
tus and will be a major force in driving the devel-
opment of telecommunications systems and
services.
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An evolution toward three large groups of applications and services

Wireless Personal Communications:
What Is It?

DONALD C. COX

ireless Personal Communica-
tions has captured the attention of the media, and with it, the imag-
ination of the public. Hardly a week goes by without one seeing
an article on the subject appearing in a popular U.S. newspa-
per or magazine. Articles ranging from a short paragraph to
many pages regularly appear in local newspapers, as well as in
nationwide print media, ¢.g., The Wall StreetJournal, The New York
Times, Business Week, and U.S. News and World Report. Count-
less marketing surveys continue to project enormous demand,
often projecting that at least haif of the households, or half of
the peopie, want wireless personal communications. Trade
magazines, newsletters, conferences, and seminars on the sub-
ject by many different names have become too numerous to
keep track of, and technical journals, magazines, conferences
and symposia continue to proliferate and to have ever increas-
ing attendance and numbers of papers presented. It is clear
that wircless personal communications is, by any measure, the
fastest growing segment of telecommunications.

However, if you look carefuily at the seemingly endless dis-
cussions of the topic, you cannot help but note that they are
often describing different “things”, i.e., different versions of
wireless personal communications [1, 2]. Some discuss pagers,
or messaging, or data systems, or access to the National Infor-
mation Infrastructure, while others emphasize cellular radio, or
cordless telephones, or dense systems of satellites. Many make
reference to popular fiction entities like Dick Tracy, Maxwell
Smart, or Star Trek.

Thus, it appears that almost everyone wants Wireless Per-
sonal Communications, but, What Is /t?!! There are many dif-
ferent ways to segment the complex topic into different
communications applications, modes, functions, extent of
coverage, or mobility {1, 2]. The complexity of the issues has
resulted in considerable confusion in the industry, as evidenced
by the many different wireless systems, technologies, and ser-
vices being offered, planned, or proposed. Many different
industry groups and regulatory entities are becoming involved.
The confusion is a natural consequence of the massive dislocations
that are occurring, and will continue to occur, as we progress along
this large change in the paradigm of the way we communicate.
Among the different changes that are occurring in our commu-
nications paradigm, perhaps the major ingredient is the change
from wired fixed place-to-place communications to wireless mobile
person-to-person communications. Within this major change
are also many other changes, e.g., an increase in the signifi-
cance of data and message communications, a perception of

possible changes in video applications, and changes in the reg-
ulatory and political climates.

This article attempts to identify different issues and to put
many of the activities in wireless into a framework that-can
provide perspective on what is driving them, and perhaps even
yield some indication of where they appear to be going in the
future. However, like any attempt to categorize many compliex
interrelated issues, there are some that don’t quite fit into neat
categories, so there will remain some dangling loose ends. Like
any major paradigm shift, there will continue to be consider-
able confusion as many entities attempt to interpret the differ-
ent needs and expectations associated with the new paradigm.

Background and Issues
Mobility and Freedom from Tethers

Perhaps the clearest ingredients in all of the wireless personal
communications activity are the desire for mobility in commu-
nications, and the companion desire to be free from tethers,
i.e., from physical connections to commuanications networks.
These desires are clear from the very rapid growth of mobile
technologies that provide primarily two-way voice services,
even though economical wireline voice services are readily
available. For example, ceilular mobile radio has experienced
rapid growth. Growth rates have been between 35 and 60 per-
cent per year in the United States for a decade, with the total
number of subscribers reaching 20 million by year-end 1994.
The often neglected wireless companions to cellular radio, i.e.,
cordless telephones, have experienced even more rapid, but
harder to quantify, growth with sales rates often exceeding 10
million sets a year in the United States, and with an estimated
usage significantly exceeding 50 million in 1994, Telephones in
airliners, have also become commonplace. Similar, or even
greater, growth in these wireless technologies has been experi-
enced throughout the world,

Paging and associated messaging, while not providing two-
way voice, do provide a form of tetherless mobile communica-
tions to many subscribers worldwide. These services have also
experienced significant growth. There is even a glimmer of a
market in the many different specialized wireless data applica-
tions evident in the many wireless local area network (WLAN)
products on the market, the several wide area data services
being offered, and the specialized satellite-based message ser-
vices being provided to trucks on highways.
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The topics discussed in the previous two
paragraphs indicate a dominant issue separating
the different evolutions of wireless personal com-
munications. That issue is the voice versus data
communications issue that permeates all of com-
munications today; this division also is very evident
in fixed networks. The packet-oriented computer
communications community and the circuit-ori-
ented voice telecommunications (telephone)
community hardly talk to each other, and often
speak different languages in addressing similar
issues. Although they often converge to similar
overall solutions at large scales (e.g., hierarchical
routing with exceptions for embedded high
usage routes), the small scale initial solutions
are frequently quite different. Asynchronous
Transfer Mode (ATM)-based networks are an
attempt to integrate, at least partially, the needs
of both the packet-data and circuit-oriented com-
munities.

Superimposed on the voice-data issue is an
issue of competing modes of communications
that exist in both fixed and mobiie forms. These
different modes include:

Messaging, where the communication is not real
time, but is by way of message transmission, stor-
age, and retrieval. This mode is represented by
voice mail, electronic facsimile (fax), and elec-
tronic mail (e-mail), the latter of which appearstobe
a modern automated version of an evolution that
includes telegraph and telex. Radio paging systems
often provide limited one-way messaging, rang-
ing from transmitting only the number of a call-
ing party, to longer alpha-numeric text messages.

Real-time two-way communications, repre-
sented by the telephone, cellular mobile radio
telephone, and interactive text (and graphics)
exchange over data networks. Two-way video
phone always captures significant attention and
fits into this mode; however, its benefit/cost ratio
has yet to exceed a value that customers are will-
ing to pay,

Paging, i.e., broadcast with no return channel,
alerts a paged party that someone wants to com-
municate with him/her. Paging is like the ringer
on a telephone, without having the capability for
completing the communications.

Agents, new high level software applications
or entities being incorporated into some com-
puter networks. When launched into a data net-
work, an “agent” is aimed at finding information
by some title or characteristic, and returning the
information to the point from which the agent
was launched.

There are still other ways in which wireless
communications have been scgmented in attempts
to optimize a technology to satisfy the needs of
some particular group. Examples include:

* Userlocation, thatcan be differentiated by indoors
or outdoors, or on an airplane or a train.

¢ Degree of mobility, that can be differentiated
either by speed, e.g., vehicular, pedestrian, or
stationary, or by size of area throughout which
communications are provided.

At this point one should again ask: “Wiretess
Personal Communications — What Is [1?1!” The
evidence suggests that what is being sought by
users, and produced by providers, can be catego-
rized according to the following two main charac-
teristics.

Communications Portability and Mobility on many

different scales:

¢ Within a house or building (cordless telephone,
wireless local area networks (WLANSs)),

¢ Within a campus, a town, or a city (cellular radio,
WLANS, wide area wireless data, radio paging,
extended cordless telephone).

* Throughouta state orregion {cellular radio, wide
area wireless data, radio paging, satellite-based
wireless).

* Throughout a large country or continent (cellular
radio, paging, satellite-based wireless).

* Throughout the world?!!

Communications by many different modes for many

different applications:

* Two-way voice.

¢ Data.

* Messaging.

* Video?

Thus, it is clear why wireless personal commu-
nications today is not one technology, not one sys-
tem, and not one service, but encompasses many
technologies, systems and services optimized for
different applications.

Evolution of Technologies,
Systems, and Services

echnologies and systems [1-7] that are cur-
’ rently providing, or are proposed to pro-

vide, wireless communications services can
be grouped into about seven relatively distinct
groups, although there may be some disagree-
ment on the group definitions, and in what group
some particular technology or system belongs. All

drhaps the clearest ingredients in all of the

wireless personal communications activity are the desire for
mobility in communications, and the companion desire to
be free from tethers, i.e., from physical connections to com-

munications networks.

of the technologies and systems are evolving as
technology advances and perceived needs change.
Some trends are becoming evident in the evolutions.
In this section, different groups and evolutionary
trends are explored along with factors that influence
the characteristics of members of the groups. The
grouping is generally with respect to scale of mobil-
ity and communications applications or modes.

Cordless Telephanes

Cordless telephones [1-3] generally can be cate-
gorized as providing low mobility, low-power,
two-way tetherless voice communications, with
low mobility applying both to the range and the
user’s speed. Cordless telephones using analog
radio technologics appeared in the late 1970s,
and have experienced spectacular growth. They
have evolved to digital radio technologies in the
forms of second-generation cordless telephone
{CT-2), and Digital European Cordless Telephone
(DECT) standards in Europe, and several different
Industrial Scientific Medical (ISM) band tech-
nologies in the United States.!

! These ISM technologies
either use spread spectrum
techniques (direct
sequence or frequency
hopping), or very low
transmitter power

(< | mw) as required by
the ISM band regulations.
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W Figure 1. Digital wireless access

WPABX

i
systems evolution.

Cordless telephones were originally aimed at
providing economical, tetherless voice communi-
cations inside residences, i.e., at using a short
wireless link to replace the cordbetween a telephone
base unit and its handset. The most significant
considerations in design compromises made for these
technologies are to minimize total cost, while
maximizing the “talk time” away from the battery
charger. For digital cordless phones intended to
be carried away from home in a pocket, e.g., CT-2
or DECT, handset weight and size are also major
factors. These considerations drive designs toward
minimizing complexity, and minimizing the power
used for signal processing and for transmitting.

Cordless telephones compete with wireline
telephones. Therefore, high circuit quality has
become a requirement. Early cordless sets had
marginal quality. They were purchased by the mil-
lions, and discarded by the millions, until manu-
facturers produced higher-quality sets. Cordless
telephones sales then exploded. Their usage has
become commonplace, approaching, and perhaps
exceeding, usage of “corded” telephones.

The compromises accepted in cordless tele-
phone design in order to meet the cost, weight,
and talk-time objectives are:

* Few users per MHz.

* Few users per base unit (many link together a
particular handset and base unit).

* Large number of base units per unit area; one or
more base units per wireline access line (in
high-rise apartment buildings the density of
base units is very large),

* Short transmission range.

Thereisnoadded network complexity since a base
unit looks to a telephone network like a wireline tele-
phone. These issues are also discussed in ft, 2.

Digital cordless telephones in Europe have been
evolving for a few years to extend their domain of
use beyond the limits of inside residences. Cord-
less telephone, second generation, (CT-2) has
evolved to provide telepoint or phone-point ser-
vices. Base units are located in places where people
congregate, ¢.g., zlong city streets and in shopping
malls, train stations, etc. Handsets registered with

R

 the phone<point provider tan place chlls when

within range of a telepoint. CT-2 does dot provide
capability for transferring (handing off) active
wireless calls from one phone point to another if
auser moves out of range of the one towhich the call
was initiated. A CT-2+ technology, evolved from
CT-2 and providing limited handoff capability. is
being deployed in Canada. Phone-point service
was introduced in the United Kingdom twice, but
failed to attract enough customers to become a
viable service. However, in Singapore and Hong
Kong, CT-2 phone-point has grown rapidly, reach-
ing over 150,000 subscribers in Hong Xong [8] in
mid-1994. The reasons for the success$ in some
places and failure in others are still being debated.
butitisclear that the compactness of the Hong Kong
and Singapore populations make the service
more widely available, using fewer base stations
than in more spreadout cities. Complaints of CT-2
phone-point users in trials have been that the radio
coverage was not complete enough, and/or they
could not tell whether there was coverage at a par-
ticular place, and the lack of handoff was incon-
venient. In order to provide the “alerting” or
“ringing” function for phone-point sefvice, con-
ventional radio pagers have been built into some
CT-2 handsets. (The telephone network to which
a CT-2 phene point is attached has no way of
knowing from which base units to send a ringing
message, even though the CT-2 handsets can be
“tung” from a home base unit).

Another European evolution of cordless tele-
phones is Digital European Cordless Telephone
(DECT) which was optimized for us# inside
buildings. Base units are attached through a con-
troller to private branch exchanges (PBXs), key
telephone systems, or phone company CEN-
TREX teléphone lines. DECT controllers can
hand off active calls from one base unit to another
as users move, and can “page” or “ring” handsels
as a user walks through areas covered by different
base units,

These cordless telephone evolutions to more
widespread usage outside and inside with tele-
points, and to usage inside large buildings are
iltustrated in Fig. I, along with the integration of
paging into handsets to provide alerting for phone-
point services. They represent the first attempts
toincrease the service area of mobility for low-power
cordless telephones.

Some of the characteristics of the digital cord-
less telephone technologies, CT-2 and DECT, are
listed in Table 1. Additional information can be
found in References {2, 3]. Even though there are
significant differences between these technolo-
gies, e.g., multiple access technology (FDMA or
TDMA/FDMA), and channel bit rate, there are
many similarities that are fundamental to the design
objectives discussed earlier, and to a user’s per-
ception of them. These similarities and their
implications are as follows.

32 kb/s adaptive differential pulse code modu-
iation (ADPCM) digital speech encoding: this is a
low complexity (low signal processing power)
speech encoding process that provides wireline
speech quality and is an international standard,

Average transmitter power < 10 milliwatts:
this permits many hours of talk time with small,
low-cost, lightweight batteries, but provides lim-
ited radio range.
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il Table 1. Wireless PCS technologies.

Low-complexity radio signal processing: there
is no forward error correction and nc complex
muitipath mitigation (i.e., noequalization or spread
spectrum}.

Low transmission delay, e.g., < 50 ms, and for
CT-2 < 10 ms round trip: this is a speech-quality and
network-complexity issue. A maximum of 10 ms
should be allowed, taking into account additional
inevitable delay in long-distance networks. Echo
cancellationis generally required for delays > 10ms.

Simple frequency-shift modulation and non-
coherent detection: while still being low in complexity,
the slightly more complex 4QAM modulation
with coherent detection provides significantly more
spectrum efficiency, range and interference
immunity.

Dynamic channel allocation: While this technique
has potential for improved system capacity, the cord-
less-telephone implementations do not take full
advantage of this feature for handoff, and thus
cannot reap the full benefit for moving users {9, 10].

Time division duplex (TDD): this technique per-
mits the use of a single contiguous frequency
band, and implementation of diversity from one
end of a radio link. However, uniess all base sta-
tion transmissions are synchronized in time, it
canincur severe cochannel interference penaltiesin
outside environments {9, L1]. Of course, for cord-
less telephones used inside with base stations not
having a propagation advantage, this is not a prob-
lem. Also, for small indoor PBX networks, syn-
chronization of base station transmission is easier
than is synchronization throughout a widespread
outdoor network, which can have many adjacent

base stations connected to different geographic
locations for central control and switching.

Cellular Mobile Radio Systems

Cellular mobile radio systems are becoming
known in the United States as high-tier Personal
Communications Service (PCS), particularly
when implemented in the new 1.9 GHz PCS
bands [12]. These systems generally can be cate-
gorized as providing high-mobility, wide-ranging,
two-way tetherless voice communications. [n
these systems, high mobility refers to vehicular
speeds, and also to widespread regional to nation-
wide coverage {1, 2, 7]. Mobile radio has been
evolving for over 50 years. Cellular radio inte-
grates wireless access with large-scale networks
having sophisticated intelligence to manage
mobility of users.

Cellular radio was designed to provide voice
service to wide-ranging vehicles on streets and
highways [1-3, 13], and generally uses transmitter
power on the order of 100 times that of cordless
telephiones (= 2 watts for celluiar). Thus, cellular
systems can only provide reduced service to hand-
held sets that are disadvantaged by using somewhat
lower transmitter power (< 0.5 watts) and less
cfficient antennas than vehicular sets. Handheid
sets used inside buildings have the further disad-
vantage of attenuation through walis that is not
taken into account in system design.

Cellular radio or high-tier PCS has experienced
large growth as noted earlier. In spite of the limi-
tations on usage of handheld sets noted above,
handheld cellular sets have become very popular,
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with their sales becoming comparable to the sales
of vehicular sets. Frequent complaints from
handheld cellular users are that batteries are too
large and heavy, and both talk time and standby
time are inadequate.

Cellular radio at 800 MHz has evolved to digi-
tal radio technologies [1-3] in the forms of the
deployed systems standards:

* Global Standard for Mobile {(GSM) in Europe.

+ Japanese or Personal Digital Cellular (JDC or
PDC) in Japan.

* U.5. TDMA digital cellular known as USDC or
1S-54.

and in the form of the code division muitiple access

{CDMA) standard, 1S-95, which is under devel-

opment, but not yet deployed.

The most significant consideration in the design

compromises made for the U.S. digital cellular or

high-tier PCS systems was the high cost of cell sites

(base stations). A figure often quoted is U.S. $1

million for a cell site. This consideration drove

digital system designs to:

¢ Maximize users per MHz.

* Maximize the users per cell site,

Because of the need to cover highways running
through low population-density regions between
cities, the refatively high transmitter power require-
ment was retained to provide maximum range
from high antenna locations.

Compromises that were accepted while maxi-
mizing the above parameters are:

* High transmitter power consumption.

* High user-set complexity, and thus high signal-
processing power consumption.

* Low circuit quality.

-’i-ze use of microcell base stations provides
large increases in overall system capacity, while also reduc-
ing the cost per available radio channel, and the battery
drain on portable subscriber equipment.

* High network complexity. e.g., the new 15-95
technology will require complex new switching
and control equipment in the network, as weil
as high-compiexity wircless-access technology.

Cellular radio or high-tier PCS has also been
evolving forafew yearsin a different direction, toward
very small coverage areas or microcells. This evo-
lution provides increased capacity in areas having
high user density, as well as improved coverage of
shadowed areas. Some microcell base stations are
being installed inside, in conference center lob-
bies and similar places of high user concentra-
tions. Of course, microcells also permit lower
transmitter power that conserves battery power
when power control is implemented, and base
stations inside buildings circumvent the outside
wallattenuation. Low complexity microcell base sta-
tions also are considerably less expensive than
conventional cell sites, perhaps two orders of
magnitude less expensive. Thus, the use of microcell
base stations provides large increases in overall
system capacity, while also reducing the cost per
available radio channel, and the battery drain on
pottable subscriber equipment. This microcell
evolution. illustrated in Fig. |, moves handheld
cellular sets in a direction similar to that of the

Vam ke TR S

expanded-coverage evolution of gordlesé tele
phones to phone points and wireless PBX,

Some of the characteristics of digital-cellular

or high-tier PCS technologiesare listedin Table 1 for -

1S-54, 15-95, and GSM at 900 MHz, and DCS-1800.
which is GSM at 1800 MHz. Additional informa-
tion can be found in [1-3]. The JDC or PDC tech-
notogy, not listed, is similar to 1S-54. As with the
digital cordless technologies, there are significant
differences among these cellular technologies.
¢.g., modulation type, multiple access technology.
and channel bit rate. However, there are also many
similarities that are fundamental to the design
objectives discussed earlier. These similarities
and their implications are as follows.

Low bit-rate speech coding; = 13 kb/s with
some < 8 kb/s: low bit-rate speech coding obvi-
ously increases the number of users per MHz and
per ceil site. However, it also significantly reduces
speech quality [1], and does not permit the
tandemming of speech encoding while traversing
a network. That is, when low bit rate speech is
transcoded to a different encoding format, e.g., to
64 kb/s as is used in many n¢tworks, or from an
[8-54 phone on one end to a GSM or I5-95 phone
on the other end, the speech quality deteriorates
precipitously. While this may not be a serious issue
for a vehicular mobile user who has no choice
other than not to communicate at all, it is likely
tobe aseriousissue in an environment where a wire-
line telephone is available as an alternative. It is
also less serious when there are few mobile-to-mobile
calis through the network, but, as wireless usage
increases, and digital mobile-to-mobile calls
become commonplace, the marginal transcoded
speech quality is likely to become a serious issue.

Some implementations make use of speech
inactivity; this further increases the number of
users per cell site, i.e., the cell-site, capacity.
However, it also further reduces speech quality
[1] because of the difficulty of detecting the onsct
of speech. This problem is even worse in an
acoustically noisy environment like an automo-
bile.

High transmission delay; =~ 200 ms round
trip: this is another important circuit-quality
issue. Such large delay is about the same as one-
way transmission through a synchronous-orbit com-
munications satellite. A voice circuit with digital
cellular technology on both ends will experience
the delay of a full satellite circuit. It should be
recalled that one reason long-distance circuits
have been removed from satellites and put onto
fiber-optic cable isbecause customersfind the delay
to be objectionable. This delay in digital cellular
technology results from both computation for
speech bit-rate reduction, and from complex sig-
nal processing, e.g., bit interleaving, error correction
decoding, and multipath mitigation {equalization
or spread spectrum (CDMA)).

High-complexity signal processing, both for
speech encoding and for demodulation; signal
processing has been allowed to growwithout bound,
and is about a factor of 10 greater than that used in
the low-complexity digital cordless telephones
[1]. Since several watts are required from a bat-
tery to produce the high transmitter power in a
celiular or high-tier PCS set, signal-processing
power is not as significant as it is in the low-power
cordless telephones,
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Fixed channel allocation: the difficulties
associated with implementing capacity-increasing
dynamic channel allocation to work with handoff
[9, 10] have impeded its adoption in systems
requiring reliable and frequent handoff.

Frequency division duplex (FDD): cellular
systems have already been allocated paired-fre-
quency bands suitable for FDD. Thus, the net-
work or system complexity required for providing
synchronized transmissions [9, 11] from all cell sites
for TDD has not been embraced in these digital
cellular systems. Note that TDD has not been
employed in I8-95 even though such synchroniza-
tion is required for other reasons.

Mobile/portable set power control: the benefits
of increased capacity from lower overall co-channel
interference, and reduced battery drain have been
sought by incorporating power control in the dig-
ital cetlular technologies.

Wide Area Wireless Data Systems

Existing wide area data systems generally can be
categorized as providing high mobility, wide-
ranging, low-data-rate digital data communica-
tions to both vehicles and pedestrians [1, 2).
These systems have not experienced the rapid
growth that the two-way voice technologies
have, even though they have been depioyed in
many cities for a few years and have established
a base of customers in several countries. Exam-
ples of these packet data systems are shown in
Table 2.

The carliest and best known of these systems
in the United States are the ARDIS network
developed and run by Motorola, and the RAM
mobile data network based on Ericsson Mobitex
Technology. These technologies were designed
to make use of standard, two-way voice, land
mobile-radic channels, with 12.5 KHz or 25 kHz
channel spacing. In the United States these are
specialized mobile radio services (SMRS) alloca-
tions around 450 MHz and 900 MHz. Initially,
the data rates were low: 4.8 kb/s for ARDIS and
8 kb/s for RAM. The systems use high transmitter
power (several tens of watts) to cover large regions
from a few base stations having high antennas.
The relatively low data capacity of a relatively
expensive base station has resulted in economics
that have not favored rapid growth.

The wide area mobile data systems also are
evolvinginseveral different directions in an attempt
toimprove base station capacity, economics, and the
attractiveness of the service. The technologies
used in both the ARDIS and RAM networks are
evolving to higher channel bit rates of 19.2 kb/s.

The cellular carriers and several manufactur-
ers in the United States are developing and
deploying a new wide area packet data network
as an overlay to the cellular radio networks. This
Cellular Digital Packet Data (CDPD) technology
shares the 30 kHz spaced 800 MHz voice channels
used by the analog FM Advanced Mobile Phone
Service (AMPS) systems. Data rate is 19.2 kbys. The
CDPD base station equipment also shares cell
sites with the voice cellular radio system. The aim
is to reduce the cost of providing packet data ser-
vice by sharing the costs of base stations with the bet-
ter-established and higher cell-site capacity
cellular systems. This is a strategy similar to that
used by nationwide fixed wireline packet-data-
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W Table 2. Wide area wireless packet data sysiems.

networks that could not provide an economically
viable data service if they did not share costs by
leasing a small amount of the capacity of the interex-
change networks that are paid for largely by voice
traffic.

Another evolutionary path in wide area wire-
less packet data networks is toward smatler cov-
erage areas or microcells. This evolutionary path
also is indicated on Fig. 1. The microcell data
networks are aimed at stationary or low-speed
uscrs. The design compromises are aimed at
reducing service costs by making very small and
inexpensive base stations that can be attached to
utility poles, the sides of buildings, and inside
buildings, and can be widely distributed through-
out a region. Base-station-to-base-station wire-
less links are used to reduce the cost of the
interconnecting data network. In one network
this decreases the overall capacity to serve users,
since it uses the same radio channels that are
used to provide service. Capacity is expected to
be made up by increasing the number of base sta-
tions that have connections to a fixed-distribution
network as service demand increases. Another
such network uses other dedicated radio channels
lo interconnect base stations. In the high-capacity
limit. these networks will look more like a con-
ventional cellular network architecture, with
closely spaced, small, inexpensive base stations,
i.e., microcells, connected to a fixed infrastruc-
ture. Specialized wireless data networks have
been built to provide metering and control of
electric power distribution, e.g., Celldata, and
Metricom in California.

A large microcell network of small inexpen-
sive base stations has been installed in the lower
San Francisco Bay Area by Metricom, and public
packet-data service was offered during early
1994. Most of the small (shoe-box-size) base sta-
tions are mounted on street light poles. Reliable
data rates are about 75 kb/s. The technology is based
on slow frequency-hopped spread spectrum in
the 902-928 MHz U.S. industrial Scientific Medi-
cal (ISM) band. Transmitter power is | watt max-
imum, and power control is used to minimize
interference and maximize battery life time.
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High-Speed Wireless Ldcal-Area
Networks (WLANSs)

Wireless local-area data networks (WLANS) can
be categorized as providing low-mobility high-speed
ddta communications within a confined region,
e.g., a campus or a large building. Coverage range
from a wireless data terminal is short, tens to
hundreds of feet, like cordless telephones. Cover-
age is limited to within a room or to several rooms
in a building. WLANSs have been evolving for a

few years, but overall, thcnsitui\ilétiai‘;"t‘.‘haottc.".-’

with many different products bemg offered by
many different vendors [1, 6]. There is no stable .
definition of the needs or design objectives for
WLANS, with data rates ranging from hundreds
of kb/s to more than 10 MB/s, and with several prod-
ucts providing one or two MB/s wireless link
rates. The best descnpuonoftherANevoluuonan
processis: “having severe birth pains,” An TEEE stan-
dardscommittee, 802.11, hasbeenattempting to put
some order into this topic, but theirsuccesshasbeen
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B Table 3. Partial list of WLAn products.
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somewhat limited. A partial list of some adver-
tised products is given in Table 3. Users of
WLANS are not nearly as numerous as the users
of more voice-oriented wireless systems. Part of
the difficulty stems from these systems being
driven by the computer industry that views the wire-
less system as just another plug-in interface
card, without giving sufficient consideration to
the vagaries and needs of a reliable radio system.

There are two overall network architectures
pursued by WLAN designers. One is a centrally
coordinated and controlled network that resembles
other wireless systems. There are base stations in
these networks that exercise overal] control over
channel access {14].

The other type of network architecture is the
self organizing and distributed controlled network
where every terminal has the same function as
every other terminal, and networks are formed
ad-hoc by communications exchanges among ter-
minals. Such ad-hoc networks are more like citizen
band (CB) radio networks, with similar expected
limitations if they were ever to become very
widespread. Nearly all WLANsin the United States
have attempted to use one of the ISM frequency
bands for unlicensed operation under part 15 of
the FCC rules. These bands are 902 to 928 MHz,
2400 to 2483.5 MHz, and 5725 to 5850 MHz, and
they require users to accept interference from
any interfering source that may also be using the fre-
quency. The use of [SM bands has further handi-
capped WLAN development because of the
requirement for use of either frequency hopping
or direct sequence spread spectrum as an access
technology, if transmitter power is to be adequate
to cover more than a few feet. One exception to
the ISM band implementations is the Motorola
ALTAIR, which operates in a licensed band at 18
GHz. The technical and economic challenges of
operationat 18 GHzhave hampered the adoption of
this 10 to 15 MB/s technology. The frequency-
spectrum constraints have been improved in the
United States with the recent FCC allocation of
spectrum from 1910 to 1930 MHz for unlicensed
“data PCS” applications. Use of this new spec-
trum requires implementation of an access “eti-
Quette” incorporating “Listen before Transmit”
in an attempt to provide some coordination of
an otherwise potentially chaotic, uncontrolled
environment [15]. Also, since spread spectrum
is not a requirement, access technologies and
multipath mitigation techniques more compati-
ble with the needs of packet data transmission
[6], e.g., multipath equalization or multicarrier
transmission can be incorporated into new WLAN
designs.

Three other widely different WLAN activities
also need mentioning. One is a large European
Telecommunications Standards Institute(ETSI)
activity to produce a standard for High Perfor-
mance Radio Local Area Network (HIPERLAN),
a 20 MB/s WLAN technoiogy to operate near 5
GHz. Other activities are large, U.S. Advance
Research Projects Agency (ARPA)-sponsored,
WLAN research projects at the Universities of
California at Berkeley (UCB), and at Los Ange-
les (UCLA). The UCB Infopad project is based
on a coordinated network architecture with fixed
coordinating nodes and direct-sequence spread
spectrum (CDMA), whereas, the UCLA project

is zimed at peer-to-peer networks and uses frequency
hopping. Both ARPA sponsored projects are
concentrated on the 900 MHz ISM band.

As computers shrink in size from desktop, to
laptop, to palmtop, mobility in data network access
is becoming more important to the user. This
fact, coupled with the availability of more usable
frequency spectrum, and perhaps some progress
on standards, may speed the evolution and adop-

d s computers shrink in size from desktop,

to laptop, to palmtop, mobility in data network access is
becoming more important to the user. This fact, coupled

with the availability of more usable frequency spectrum, and

perhaps some progress on standards, may speed the.evolu-
tion and adoption of wireless mobile access to WLANS.

tion of wireless mobile access to WLANs. From
the large number of companies making products,
it is obvious that many believe in the future of
this market.

Paging/Messaging Systems

Radio paging began many years ago as a “one bit”
messaging system. The one bit was “some one
wants to communicate with you.” More generally,
paging can be categorized as one-way messaging
over wide areas. The one-way radio link isoptimized
to take advantage of the asymmetry. High trans-
mitter power (hundreds of watts to kilowatts), and
high antennas at the fixed base stations permit low
complexity, very-low-power-consumption, pocket
paging receivers that provide long usage time
from smallbatteries. Thiscombination provides the
large radio-link margins needed to penetrate
walls of buildings without burdening the user set bat-
tery. Paging has experienced steady rapid growth for
many years and serves about 15 million sub-
scribers in the United States

Paging also has evolved in several different
directions. It has changed from analog tone cod-
ing for user identification to digitally encoded
messages. It has evolved from the one-bit message,
“someone wants you,” to multibit messages from,
first, the calling party’s telephone number to, now,
short e-mail text messages. This evolution is
noted in Fig. 1.

The region over which a page is transmitted
has also increased from a) local, around one trans-
mitting antenna; to b) regional, from multiple
widely-dispersed antennas; to ¢) nationwide,
from large networks of interconnected paging
transmitters. The integration of paging with CT-
2 user sets for phone-point call alerting was
noted previously.

Another “evolutionary” paging route sometimes

, proposed is “two-way” paging. However, this is

an ambiguous and unrealizable concept, since the
requirement for two-way comrmunications destroys
the asymmetrical link advantage so well exploited
by paging. “Two-way” paging puts a transmitter
in the user’s set, and brings along with it all the
design compromises that must be faced in such a
two-way radio system. Thus, the word “paging” is
not appropriate to describe a system that provides
two-way communications,
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Satellite-Based Mobile Systems

Satellite-based systems are the epitome of wide-
area-coverage, expensive, base station systems.
They generally can be categorized as providing
two-way (or one-way) limited quality voice, and/or
very limited data or messaging, to very wide-ranging
vehicles (or fixed locations). These systems can
provide very widespread, often global, coverage,
e.g., to ships at sea by INMARSAT. There are a
few messaging systems in operation, e.g., to trucks
on highways in the United States by Qualcomm’s
Omnitracs system.

dt remains to be seen whether there will be

enough users with enough money in low population density
regions of the world to make satellite mobile systems eco-
nomically viable.

A few large scale mobile satellite systems have
been proposed and are being pursued; perhaps
the best known is Motorola’s Iridium, and others
include Odyssey, Globalstar, and Teledesic, The
strength of satellite systems is their ability to pro-
vide large regional or glabal coverage to users
outside buildings. However, it is very difficult to
provide adequate link margin to cover inside
buildings, or even to cover focations shadowed by
buildings, trees or mountains. A satellite system's
weakness is also its large coverage area. It is very
difficult to provide from earth orbit the small cov-
eragecells that are necessary for providing high over-
all systems capacity from frequency reuse. This
fact, coupled with the high cost of the orbital base
stations, results in low capacity along with the
wide overall coverage, but also in expensive ser-
vice. Thus, satellite systems are not likelytocompete
favorably with terrestrial systems in populated
areas, or even along well traveled highways. They
can complement terrestrial cellular or PCS systems
in low population density areas. It remains to be seen
whether there will be enough users with enough
money in low population density regions of the
world to make satellite mobile systems economically
viable,

Proposed satellite systems range from a) low-
earth-orbit (LEOS) systems, having tens to hun-
dreds of satellites, through b) intermediate or
medium height systems (MEOS?), to ¢) geosta-
tionary or geosynchronous orbit systems (GEQOS),
having fewer than ten satellites. LEOS require
more, but less expensive, satellites to cover the
earth, but they can more easily produce smaller
coverage areas, and thus provide higher capacity
within a given spectrum allocation. Also, their
transmission delay is significantly less (perhaps
two orders of magnitude!), providing higher-qual-
ity voice links as discussed previously. On the
other hand, GEOs require only a few, somewhat
more expensive, satellites (perhaps only three),
and are likely to provide lower capacity within a
given spectrum allocation, and suffer severe
transmission-delay impairment on the order of
0.5 seconds. Of course, MEQS fall in-between
these extremes. The possible evolution of satellite
systems to complement high tier PCS is indicated
in Fig. 1.

Evolution Toward the Future and To Low:
Tier Personal Communications Services

After looking at the evolution of séveral wireless™
technologies and systems in the previous sections,
it appears appropriate to ask again: “Wireless
Personal Communications — What Is It?” All of
the technologies in the previous sections claim to
provide wireless personal communications, and
all do to some extent. However, all have signifi- .
cant limitations and all are evolving in attempts
to overcome the limitations. It seems appropri-
ate to ask, what are the likely endpoints? Perhaps
some hint of the endpoints can be found by
exploring what users see as limitations of existing
technologies and systems, and by looking at the
evolutionary trends. )

In order to do so, we summarizé some impor-
tant clues from the previous sections, and project
them, along with some U.S. standards activity,
toward the future. -

Digital Cordless Telephones :

* Strengths: good circuit quality; long talk time;
small lightweight battery; low-cost sets and ser-
vice,

* Limitations: limited range; limited usage
regions.

* Evolutionary trends: phone-points in public places;
wireless PBX in business.

* Remaining limitations and issues: limited usage
regions and coverage holes; limited or no hand-
off; limited range. . " *

* Strength: widespreadi seivice avallability.

* Limitations: limited talk titie; farge heavy bat-

teries; highaost sets wnll seivice! marginal cir-
cuitquality; holesir coverage and poor in-building
coverage; limited data ’éipnbiﬁ?l%s; complex
technologles.  »='* it

* Evolutionarytrends: microcelis to increase capac-
ity and in building coverage, and to reduce bat-
tery drain; sateilite systems to extend coverage.

* Remaining limitations and issues: limited talk
time and large battery; marginal circuit quality;
complex technologies.

Wide Area Data

* Strength: digital messages.

* Limitations: no voice; limited data rate; high
CcOst.

* Evolutionary trends: microcells to increase capac-
ity and reduce cost; share facilities with voice
systems to reduce cost.

* Remaining limitations and issues: no voice;
limited capacity,

Wireless Local Area Networks (WLANs)

* Strength: high data rate.

* Limitations: insufficient capacity for voice; lim-
ited coverage: no standards; chaos.

* Evolutionary trends: hard to discern from all
the churning.

Paging/messaging

* Strengths: widespread coverage; long battery
life; small lightweight sets and batteries; eco-
nomical.

* Limitations: one-way message only; limited
capacity.

* Evolutionary desire: two-way messaging and/or
VOICE; capacity.

* Limitations and issues: two-way link cannot exploit
the advantages of one-way link asymmetry.

2 a3
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There is a strong trajectory evident in these
systems and technologies, aimed at providing the
following features.

High Quality Voice and Data

* To small, lightweight, pocket carried communi-
cators.

* Having small lightweight batteries.

* Having long talk time, and long standby battery life.

* Providing service over large coverage regions.

* For pedestrians in populated areas (but not
requiring high population density).

* Including low to moderate speed mobility with
handoff.

Economical Service

« Low subscriber-set cost.

* Low network-service cost.

Privacy and Security of Communications

* Encrypted radio links.

This trajectory is evident in all of the evolving
technologies, but can only be partially satisfied by
any of the existing and evolving systems and tech-
nologies! Trajectories from all of the evolving
technologies and systems are ilustrated in Fig. 1
as being aimed at low-tier personal communications
Systems or services, i.e., low-tier PCS.

Taking characteristics from cordless, cellular,
wide area data and, at least moderate-rate,
WLANS, suggests the following attributes for this
low-tier PCS:

*32 kb/s ADPCM speech encoding in the near
future to take advantage of the low complexity
and low power consumption, and to provide low-
delay high-quality speech.

*Flexible radio link architecture that will sup-
port multiple data rates from severat kb/s to several
hundred kb/s. This is needed to permit evolution
in the future to lower bit rate speech as technolo-
gy improvements permit high quality without exces-
sive power consumption or transmission delay,
and to provide muitiple data rates for data trans-
mission and messaging.

*Low transmitter power (< 25 mW average)
with adaptive power control to maximize talk time
and data transmission time. This incurs short radio
range which requires many base stations to cover
alarge region. Thus, base stations must be small and
inexpensive, like cordless telephone phone points
or the Metricom wireless data base stations.

* Low complexity signal processing to minimize
power consumption. Complexity one-tenth that
of digital cellular or high-tier PCS technologies is
required [1]. With only several tens of milliwatts
(or less under power control) required for trans-
mitter power, signal processing power becomes
significant.

*Low co-channel interference and high cover-
age area design criteria. In order to provide high-
quality service over a large region, at least 99 percent
of any covered area must receive good or better
coverage, and be below acceptable co channel
interference limits. This implies less than 1 per-
cent of a region will receive marginal service. This
isan order-of-magnitude higher service requirement
than the ten percent of a region permitted to
receive marginal service in vehicular cellular sys-
tem (high-tier PCS) design criteria.

*Four-level phase modulation with coherent
detection to maximize radio link performance
and capacity with low complexity.

*Frequency division dupiexing to relax the

requirement for synchronizing base station trans-
missions over a large region.

Such technologies and systems have been
designed, prototyped, and laboratory-and field-
tested and evaluated for several years [1, 2, 7, 16-
23). The viewpoint expressed here is consistent
with the progress in the Joint Technical Commit-
tee (JTC) of the U.S, standards bodies, Telecom-
munications Industry Association (TIA) and
Committee T1 of the Alliance for Telecommuni-
cations Industry Solutions (ATIS). Many tech-
nologies and systems were subrnitted to the JTC for
consideration for wireless PCS in the new 1.9 GHz
frequency bands for use in the United States [12]
Essentially all of the technologies and systems
listed in Table 1, and some others, were submit-
ted in late 1993. It was evident that there were at
least two, and perhaps three distinct different
classes of submissions. No systems optimized for
packet data were submitted, but some of the
technologies are optimized for voice.

One class of submissions was the group labeled
High Power Systems, Digital Cellular (High-
Tier PCS) in Table 1. These are the technologies
discussed previously in this article. They are
highly optimized for low bit-rate voice, and there-
fore have somewhat limited capability for serving
packet-data applications. Since it is clear that wire-
less services to wide ranging high speed mobiles
will continue to be needed, and that the technol-
ogy described above for low-tier PCS may not be

i t is not clear what the future roles are

for paging/messaging, cordless-telephone appliances, or
wide area packet-data networks in an environment
having widespread contiguous coverage by low-tier and

high-tier PCS.

optimum for such services, Fig. | shows a contin-
uing evolution and need in the future for high-
tier PCS systems that are the equivalent of today’s
cellular radio. There are more than 100 million
vehicles in the United States alone. In the future,
most, if not all, of these will be equipped with
high-tier celluiar mobile phones. Therefore, there
will be a continuing and rapidly expanding mar-
ket for high-tier systems.

Another class of submissions to the JTC [12]
included the Japanese Personal Handiphone
System (PHS), and a technology and system orig-
inally developed at Bellcore, but carried forward to
prototypes, and submitted to the JTC, by Motorola
and Hughes Network Systems. This system was
known as Wireless Access Communications System
(WACS).2 These two submissions were so similar
in their design objectives and system characteristics
that, with the agreement of the delegations from
Japan and the United States, the PHS and WACS
submissions were combined under a new name,
Personal Access Communication Systems (PACS),
that was to incorporate the best features of both.
This advanced, low-power wireless access system,
PACS, was to be know as low-tier PCS. Both
WACS/PACS and Handiphone (PHS) are shown
in Table 1 as Low-Tier PCS and represent the
evolution tolow-tier PCS, on Fig. 1. The WACS/PACS/

2 WACS was known
previously as Universal
Digital Portable Commu-
nications (UDPC).
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Propagation o 8d8 10 dB x1.5

Total: trading quality for capacity x30

B Table 4. 4 comparison of cellular (15-54/I5-95) and low tier PCS
(WACS/PACS). Capacity comparisons made without regard to quality
factors, complexity, and cost per base station are not meaningful.

UDPC system and technelogy are discussed in
f1, 2, 16-23].

In the JTC, submissions for PCS of DECT and
CT-2 and their variations were also lumped under
the class of low-tier PCS, even though these
advanced digital cordless telephone technologies
weresomewhat more limited intheir ability toserve ali
of the low-tier PCS needs. They are included
under Digital Cordless technologies in Table 1,
Other technologies and systems were also submit-
ted to the JTC for high-tier and low-tier applica-
tions, but they have not received widespread
industry support.

One wireless access application discussed ear-
lier that is not addressed by either high-tier or
low-tier PCS is the high-speed WLAN applica-
tion. Specialized high-speed WLANS aiso are
likely 1o find a place in the future. Therefore, theirevo-
lution is also continued in Fig. 1. The figure also
recognizes that widespread low-tier PCS can sup-
port data at several hundred kb/s, and thus can
satisfy many of the necds of WLAN users.

[t is not clear what the future roles are for pag-
ing/messaging, cordless telephone appliances, or
wide area packet-data networks in an environ-
ment with widespread contiguous coverage by
low-tier and high-tier PCS. Thus, their extensions
into the future are indicated with a (?) on Fig. 1.

Those who may object to the separation of
Wireless PCS into high tier and low tier, should
review this section again, and note that we have
two tiers of PCS now. On the voice side there is
Cellular Radio, i.e., high-tier PCS, and cordless
telephone, i.e., an early form of low-tier PCS. On
the data side there is wide area data, i.e., high-tier
data PCS, and WLAN:S, i.e., perhaps a form of
low-tier data PCS. In their evolutions, these ail have
the trajectories discussed and shown on Fig. 1 that
point surely toward low-tier PCS. It is this low-tier
PCS that marketing studies continue to project is
wanted by more than half the U.S. households or
by haif of the people, a potential market of over 100
million subscribers in the United States alone.
Similar projections have been made worldwide.

Quality, Capacity, and
Economic Issues

Ithough the several trajectories toward low-

/4 tier PCS discussed in the previous section are
clear, it does not fit the existing wireless com-
munications paradigms. Thus, low-tier PCS has

attracted less attention than the systems and
technologies that are compatible with the existing
paradigms. Some examples are cited jn the fol-
lowing paragraphs. o

The need for intense interaction with an intel-
ligent network infrastructure inorder tomanage mobil-
ity is not compatible with the cordless telephone
appliance paradigm. In that paradigm, indepen-
dence of network intelligence, and base units
that mimic wireline telephones, are paramount,

Wireless data systems often do not admit to
the dominance of wireless voice communications.
and, thus, do not take advantage of the economics
of sharing network infrastructure and base station
equipment. Also, wireless voice systems often do
not recognize the importance of data and mes-
saging, and, thus, only add them in as “bandaids”
to systems. ' .

The need for a dense collection of many low-
complexity iow-cost low-tier PCS base stations
interconnected with inexpensive fixed-network
facilities (copper or fiber based) does not fit the
cellular high-tier paradigm that expects sparsely
distributed $1 million cell sites. Also, the need for
high transmission quality to compete with wire-
line telephones is not compatible with the drive
toward maximizing users-per-cell-site and per MHz
to minimize the number of expensive cell sites.
These concerns, of course, ignore the hallmark of
frequency-reusing cellular systems. That hallmark
is the production of almost unlimited overall sys-
tem capacity by reducing the separation between
base stations, .

This list could be extended, but the above exam-
ples are sufficient, along with the earlier sections
of the paper, to indicate the many complex inter-
actions among circuit quality, spectrum utiliza-
tion, complexity {circuit and network), system
capacity, and economics that are involved in the
design compromises for a large, high-capacity
wireless-access system. Unfortunately, the ten-
dency has been to ignore many of the issues, and
focus on only one, e.g., the focus on cell site
capacity that drove the development of digital-
cellular high-tier systems in the United States. [nter-
actions among circuit guality, complexity, capacity
and economics are considered in the following
sections,

Capaaty, Quality, and Complexity
Although “capacity” comparisons frequently are
made without regard to circuit quality, complexi-
ty, or cost per base station, such comparisons are
not meaningful. An example in Table 4 compares
capacity factors for U.S. cellular or high-tier PCS
technologies with the low-tier PCS technology,
PACS/WACS. The Mean Opinion Scores (MOS)
(noted in Table 4) for speech coding are discussed
in reference [1]. Detection of speech activity and
turning off the transmitter during times of no activ-
ity is implemented in 1S-95. Its impact on MOS
also is noted in reference [1]. A similar technique
has been proposed as E-TDMA for use with IS-54,
and is discussed with respect to TDMA systems
in reference [1]. Note that the use of low bit-rate
speech coding combined with speech activity
degradesthe high-tier system’s qualityby nearlyone
fult MOS point on the 5-point MOS scale when
compared to 32 kb/s ADPCM. Tandem encoding
is discussed in the previous section. These speech
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quality-degrading factors alone provide a base
station capacity increasing factor of x4 x2.5 =x 10
overthe high speech-quality low-tier system! Speech
coding, of course, directly affects base station capac-
ity and thus overal! systemn capacity by its effect on
the number of speech channels that can fit into a
given bandwidth.

The allowance of extra system margin to pro-
vide coverage of 99 percent of an area for low-tier
PCS versus 90 percent coverage for high-tier is
discussed in the previous section and [1]. This
additional quality factor costs a capacity factor of
x 2. The last item in Table 4 does not change the
actual system, but only changes the way that fre-
quency reuse is calculated. The additional 2-dB
margin in standard deviation, o, allowed for cov-
erage into houses and small buildings for low-tier
PCS, costs yet another factor of x 1.5 in calculation
only. Frequency reuse factors affect the number
of sets of frequencies required, and thus the
bandwidth available for use at each base station.
Thus, these factors also affect the base station
capacity and the overall system capacity.

For the example in Table 4, significant speech
and coverage quality has been traded for a factor
of x 30 in base station capacity!! While base sta-
tion capacity affects overall system capacity
directly, it should be remembered that overall
system capacity can be increased arbitrarily by
decreasing the spacing between base stations.
Thus, if the PACS low-tier PCS technology were
to start with a base station capacity of x (1.5 of
AMPS celular? (a much lower figure than the x
0.8 sometimes quoted {12}), and then were degrad-
ed in quality as described above to yield the x 30
capacity factor, it would have a resulting capacity
of x 15 of AMPS! Thus, it is obvious that making
such a base station capacity comparison without
including quality is not meaningful.

Economics, System Capacity, and
Coverage Area Size

Claims are sometimes made that low-tier PCS
cannot be provided economicaily, even though [T
is what the user wants. These claims are often made
based on economic estimates from the “cellutar
paradigm.” These include;

* Very low estimates of market penetration, much
tess than cordless telephones, and often even
tess than cellular.

* High estimates of base station costs more appro-
priate to high-complexity high-cost cellular
technology than to low-complexity low-cost
low-tier technology.

Such economic estimates are often done by
making “absolute” economic calculations based
onvery uncertain input data. The resulting estimates
for low-tier and high-tier are often closer together
than the large uncertainties in the input data. A
perhaps more realistic approach for comparing
such systems is to vary only one or two parame-
ters while holding all others fixed, and then look
atrelative economics between high-tier and low-tier
systems. This is the approach used in the follow-
ing examples.

Example I — In the first example (see textbox),
the number of channels per MHz is held constant
for cellular and for low-tier PCS. Only the spacing

Assume channelsIMHz are the same forcel!ular and PCS
- Cell site: spacing = 20,000 ft :...cost = $1M
PCS port:  spacing = 1,000t -, e :

b PCS system capacnty ns 120000/1000)2 = 400 x cel!ular capaclty

Then, for the system cbets to be the sa H“MW
Port cost = {($1M/400) = $2,500, a reasonable figure

H, cell site and porteach have 180 channels .
.Cellular cost/circuit = $1M/180 = $5,555/circuit
PCS cost/c:rcutt = !2500/180 S14.€arcurt

Example 2

Assume equal cellular and PCS system capacny
Cell site: spacing = 20,000 ft ;.-
'PCS port: ¢ spacing = 1,000 ft

if, a cell site has 180 channels -i"ff.:

Then for equal system capac:ty, a PCS pori needs 180/400 < 1 channel/port!!
:_, .
Example 3

2
K!

[
IER S

AQualrtyIcost trade "; -
Cell site: Spacing = 20, 000 ft cost =31 M
PCS port:  Spacing = 1,000 ft  cost = $2,500

Ceflular to PCS: base station spacing capacity factor = x 400
PCS to Cellular “quality” reduction factors:

channels = 180

32 kbys to 8 kby's speech x4
Voice activity (buying) x2
99% to 90% good areas x2
Both in same environment (samec) x1
capacity factor traded x 16

180 ch/16 = 11.25 channels/port then, $2500/11.25 ~ $222/circuit
and remaining is x 400/16 = x 25 system capadity of PCS over cetiular

is varied between base stations, e.g., cell sites for
celtular and radio ports for low-tier PCS, to account
for the differences in transmitter power, antenna
height, etc. In this example, overall system capacity
varies directly as the square of base station spac-
ing, but base station capacity is the same for both
cellular and low-tier PCS. For the typical values
in the example, the resuiting low-tier system
capacity is x 400 greater, only because of the closer
base station spacing. If the two systems were to
cost the same, the equivalent low-tier PCS base
stations would have to cost less than $2,500.

This cost is well within the range of estimates
for such base stations, including equivalent
infrastructure. These low-tier PCS base stations
are of comparable or lower complexity than cellular
vehicular subscriber sets, and larpe-scale manu-
facture will be needed to produce the millions
that will be required. Also, land, building, antenna
tower and legal fees for zoning approval, or rental
of expensive space on top of commercial buildings,
represent large expenses for cellular cell sites. Low-
tier PCS base stations that are mounted on utility
poles and sides of buildings will not incur such

large additional expenses. Therefore, costs of the ¥ Note that the x 0.5 fac-
order of magnitude indicated above seem reason- tor is an arbisrary factor
able in large quantities. Note that, with these esti- taken for illustrating this
mates, the per-wireless-circuit cost of the low-tier example. The so called x
PCS circuits would be only $14/circuit compared to AMPS factors are only
$5,555/circuit for the high-tier circuits. Even if  with regard to base station

there were a factor of 10 error in cost estimates,
or a reduction of channels per radio port of a factor
of 10, the per-circuit cost of low-tier PCS would

capacity, although they
are often misused as sys-
tern capacity.
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still be only $140/circuit, which is still much less
than the per-circuit cost of high-tier.

Example 2 — In the second example (see textbox),
the overall system capacity is held constant, and
the number of channels/port, i.e., channels/(base
station) is varied. In this example, less than 1/2
channel/portis needed, again indicating the tremen-
dous capacity that can be produced with close-
spaced low-complexity base stations.

Example 3 — Since the first two examples are some-
what extreme, the third example (see textbox),
uses a more moderate, intermediate approach. In
this example, some of the cellular high-tier chan-
nels/(base station) are traded to yield higher quality
low-tier PCS as in the previous subsection. This
reduces the channels/port to 11 +, with an accom-
panying increase in cost/circuit up to $222/circuit,
whichisstilt much less than the $5,555/circuit for the
high-tier system. Note, also, that the low-tier system
still has x 25 the capacity of the high-tier system!

Low-tier base station {PORT) cost would have
to exceed $62,500 for the low-tier per-circuit cost
to exceed that of the high-tier cellular system.
Such a high port cost far exceeds any existing
realistic estimate of low-tier system costs.

It can be seen from these examples, and par-
ticularly Example 3, that the circuit economics of
low-tier PCS are significantly better than for high-
tier PCS, IF the user demand and density is sufficient
to make use of the large system capacity. Consid-
ering the high penetration of cordless telephones,
the rapid growth of cefluiar handsets, and the enor-
mous market projections for “wireless PCS” noted
carlier in this paper, filling such high capacity in
the future would appear to be certain. The major
problem is providing rapidly the widespread
coverage {buildout) required by the FCC in the
United States. If this unrealistic regulatory demand

d@h the continuing problems and delays

in initial deployments, there is increasing concern through-
out the industry as to whether CDMA is a viable technology
for high capacity cellular applications.

can be overcome, low-tier wireless PCS promises
to provide the wireless personal communications
that everyone wants.

Other Issues

in the pervious two sections continue to be
raised with respect to low-tier PCS. These
are treated in this section.

S everal issues in addition to those addressed

Improvement of Batteries

Frequently, the suggestion is made that battery
technology will improve so that high-power hand-
sets will be able to provide the desired five or six
hours of talk time in addition to 10 or 12 hours of
standby time, and still weigh less than half of
the weight of today’s smallest cellular handset
batteries. This “hope” does not take into account the
maturity of battery technology, and the long history

{many decades) of concerted attempts to improve it.
Increases in battery capacity have come insmall .
increments, a few percent, and very slowly overmany -
years, and the shortfall is well over a factor of 10.

In contrast, integrated electronics and radio fre-
quency devices needed for low-power low-tier PCS
continue to improve and to decrease in cost by
factors of greater than 2 in time spans on the order
of a year or so. It also should be noted that, as the
energy density of a battery is increased, the ener-
gy reiease rate per volume must also increase in order
to supply the same amount of power. If energy.
storage density and release rate are increased sig-
nificantly, the difference between a battery and a
bomb become indistinguishable! The likelihood of
a x 10 improvement in battery capacity appearts
to be essentially zero, If even a modest improve-
ment in battery capacity were possible, many peo-
ple would be driving electric vehicles,

New Technology

New technology, e.g., spread spectrum or CDMA.
is sometimes offered as a solution to both the
high-tier cell site capacity and transmitter power
issues, However, as these new technoiogies are
pursued vigorously, it becomes increasingly evi-
dent that the early projections were considerably
over-optimistic, that the base station capacity will be
about the same as other technologies [1], and
that the high complexity will resait in more, not
less, pawer consumption,

With the continuing problems and delays in initial
deployments, there is increasing concern through-
out the industry as to whether COMA is a viable
technology for high capacity cellular gpplications.
With the passage of time, it is becoming more
obvious that Viterbi was correct in his 1985 paper
in which he questioned the use of spread spec-
trum for commercial communications {33].

Thus, it is clear that new high-complexity high-
tier technology will not be a substitute for low-
complexity, low-power low-tier PCS.

People Only Want One Handset

This issue is often raised in support of high-tier
cellular handsets over low-tier handsets. Whiie
the statement is likely true, the assumption that
the handset must work with high-tier cellular is not.
Such a statement follows from the current large
usage of ceilular handsets; but such usage results
because that is the only form of widespread wire-
less service currently available, not because it is
what people want. The statement assumes inade-
quate coverage of a region by low-tier PCS, and
that low-tier handsets will not work in vehicles.
The only way that high-tier handsets could serve
the desires of people discussed earlier would be
for an unlikely “breakthrough” inbattery technology
to occur [7]. However, a low-tier system can cover
economically any large region having some peo-
ple in it. (It will not cover rural or isolated areas
- but, by definition, there is essentially no one
there to want communications anyway).

Low-tier handsets will work in vehicles on vil-
lage and city streets at speeds up to 30 or 40 miles
per hour, and the required handoffs make use of
computer technology that is rapidly becoming
inexpensive. Highways between populated areas,
and also streets within them, will need to be cov-
ered by high-tier cellular PCS, but, users are likely
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to use vehicular sets in these cellular systems.
Frequently the vehicular mobile user will want a
different communications device anyway, e.g., a
hands-free phone. The use of hands-free phones
in vehicles is becoming a legal requirement in
some places now, and is likely to become a require-
ment in many more places in the future. Thus, hand-
sets may not be legally usable in vehicles anyway.
With widespread deployment of low-tier PCS
systems, the one handset of choice will be the low-
power low-tier PCS pocket handset or voice/data
communicator.

There are approaches for integrating low-tier
pocket phones or pocket communicators with
high-tier vehicular cellular mobile telephones.
The user’s identity could be contained either in
memory in the low-tier set, or in a small smart
card inserted into the set, as is a feature of the
European GSM system. When entering an auto-
mobile, the smail low-tier communicator or card
could be inserted into a receptacle in a high-tier
vehicular cellutar set installed in the automobile.*
The user’s identity would then be transferred to
the mobile set. The mobile set couid then initiate
a data exchange with the high-tier system, indi-
cating that the user could now receive calls at
that mobile set. This information about the user’s
location would then be exchanged between the net-
work intelligence so that calls to the user could
be correctly routed.’ In this approach the radio
sets are optimized for their specific environments,
high-power high-tier vehicular or low-power low-
tier pedestrian, as discussed earlier, and the net-
work access and call routing is coordinated by the
interworking of network intetligence. This approach
does not compromise the design of either radio set
or radio system. It places the burden on network
intelligence technology that benefits from the
large and rapid advances in computer technology.

The approach of using different communications
devices for pedestrians than for vehicles is consis-
tent with what has actually happened in other
applications of technology in similarly different
environments. For example, consider the case of
audio cassette tape players. Pedestrians often carry
and listen to small portable tape players with
lightweight headsets (e.g.. a Walkman®). When
one of these people enters an automaobile, he or
she often removes the tape from the Walkman and
inserts it into a tape player installed in the auto-
mobite. The automobile player hasspeakers that fill
the car with sound. The Walkman is optimizcd
for a pedestrian, whereas the vehicular-mounted
player is optimized for an automobile. Both use
the same tape, but they have separate tape heads,
tape transports, audio preamps, etc. They do not
attempt to share electronics. In this exampie, the
tape cassette is the information-carrying entity
similar to the user identification in the personal
communications example discussed earlier. The
main points are that the information is shared
among different devices, but the devices are opti-
mized for their environments and do not share
electronics.

Similarly, a high-tier vehicular-cellular set does
not need to share oscillators, synthesizers, signal
processing, or even frequency bands or protocols
with a low-power low-tier pocket-size communicator.
Only the information identifying the user and
where he or she can be reached needs to be shared

among the intelligence elements, e.g., routing
logic, databases, and common channel signaling
{1, 22} of the infrastructure networks. This infor-
mation exchange between network intelligence
functions can be standardized and coordinated
among infrastructure subnetworks owned and
operated by different business entities (e.g.,
vehicular cellular mobile radio networks, and intel-
ligent low-tier PCS networks). Such standardization
and coordination are the same as are required today

qe approach of using different communi-

cations devices for pedestrians than for vehicles is consistent
with what has actually happened in other applications of
technology in similarly different environments.

to pass intelligence among local exchange networks
and interexchange carrier networks.

Other Enyvironments — Low-tier personal com-
munications can be provided to occupants of air-
planes, trains, and buses by installing compatible
low-tier radio access ports inside these vehicles.
The ports can be connected to high-power high-
tier vehicular celiular mobile sets or to special
air-ground or satellite-based mobile communica-
tions sets. Intelligence between the internat ports
and mobile sets could interact with celiular mobile,
air-ground, or satellite networks in one direction,
using protocois and spectrum allocated for that pur-
pose, and with low-tier personal communicators
in the other direction to exchange user identifica-
tion and route calls to and from users inside these
large vehicles. Radio isolation between the low-
power units inside the large metal vehicles and
low-power systems outside the vehicles can be
ensured by using windows that are opaque to the
radio frequencies. Such an approach also has been
considered for automobiles {i.c., a radio port for
low-tier personal communications connected to a
cellular mobile set in a vehicle so that the low-tier
personal communicator can access a high-tier
celtular network. This could be done in the United
States using unlicensed PCS frequencies within
the vehicle.)

High-Tier to Low-Tier or Low-Tier to
High-Tier Dual Mode

Industry and the FCC in the United States appear
willing to embrace multi-mode handsets for oper-
ating in very different high-tier cellular systems,
€.g., analog FM AMPS, TDMA IS-54, and CDMA
IS-95. Such sets incur significant penalties for
dual mode operation with dissimilar air interface
standards, and, of course, incur the high-tier
complexity penalties.

It has been suggested that multi-mode high-
tier and low-tier handsets could be built around
one air-interface standard, for exampie, TDMA
I15-54 or GSM. When closely spaced low-power
base stations were available, the handset could
“turn off” unneeded power-consuming circuitry,
e.g., the multipath equalizer. The problem with
thisapproach isthat the handset isstillencumbered
with power-consuming and quality-reducing signal
processing inherent in the high-tier technology,

* Inserting the small per-

sonal communicator in
the vehicular set would

also facilitate charging the
personal communicator’s

battery.

3 This is a feature pro-
posed for FPLMTS in
CCIR Rec. 687.

6 Walkman is a registered
trademark of Sonv Corpo-

ration.
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e.g., error correction decoding, and low-bit-rate speech
encoding and decoding.

An alternative “dual-mode” low-tier, high-tier
system based on a common air-interface standard
can be configured around the low-tier PACS/WACS
system, if such a dual-mode system is deemed
destrable in spite of the discussion in this article, The
range of PACS can readily be extended by increas-
ing transmitter power and/or the height and gain
of base station antennas. With increased range,
the multipath delay-spread will be more severe
in some locations [24-26]. Two different solutions
to the increased delay-spread can be employed,
one for the downlink and another for the uplink, The

Ae signaling, control processing, and data

base interactions required for wireless access PCS are con-
siderably greater than those required for fixed place-to-place
networks, but that fact must be accepted when considering
such networks.

PACS radio-link architecture has a specified bit
sequence, i.e., a unique word, between each data
word on the TDM downlink [16, 17]. This unique
word can be used as a training sequence for setting
the tap weights of a conventional equalizer added
tosubscriber sets for use ina “high-tier” PACS mode.

Since received data can be stored digitally [27, 28],

tap weights can be trimmed, if necessary, by addi-

tional “passes” through an adaptive equalizer algo-
rithm, e.g., a decision feedback equalizer algorithm.
The PACS TDMA uplink has no “unique word.”
However, the “high-tier” uplink will terminate on a
base station that can support greater complexity,
but still be no more complex than the high-tier
cellular technologies. Research at Stanford Uni-
versity has indicated that blind equalization, using
constant-modulus algorithms (CMA) [29, 30}, can
be effective for equalizing the PACS uplink.

Techniques have been developed for converging

the CMA equalizer on the short TDMA data burst.
Advantages of building a dual-mode high-tier,

low-tier PCS system around the low-tier PACS
air-interface standard are that:

* The interface can still support small low-com-
plexity, low-power, high-speech-quality low-tier
handsets.

* Both data and voice can be supported in a PACS
personal communicator.

* Inhigh-tier low-tier dual mode PACS sets, circuits
used for low-tier operation will also be used for
high-tier operation, with additional circuits being
activated only for high-tier operation.

* The flexibility built into the PACS radio link
to handle different data rates from 8 kb/s to
severat hundred kb/s wili be available to both
modes of operation.

Infrastructure Networks

the details of PCS network infrastructures.
However, there are perhaps as many network
issues as there are wireless access issues dis-
cussed herein [22, 23, 31, 32). With the possible

lt is beyond the scope of this article to consider

exception of the self-organizing WLANS, wireless

PCS technologies serve as access technologies to

large integrated intelligent fixed communications

infrastructure networks.

These infrastructure networks must incorpo-
rate intelligence i.e., data-base storage, signaling,
processing and protocols, to handle both small-scale
mobility, i.e., handoff from base station to base
station as users move, and large-scale mobility,
i.e., providing service to users who roam over
large distances, and perhaps from one network to
another. The fixed infrastructure networks also
must provide the interconnection among base
stations and other network entities, e.g., switches.
data bases, and control processors. Of course.
cxisting cellular mobile networks now contain or are
incorporating these infrastructure network capa-
bilities. However, existing cellular networks are
smail compared to the expected size of future
high-tier and low-tier PCS networks, .g., 20 million
cellular users in the United States compared with
perhaps 100 million users or more each in the
future for high-tier and low-tier PCS.

Several other existing networks have some of
the capabilities needed to serve as access net-
works for PCS. Existing networks that could provide
fixed base station interconnection include:

* Local exchange networks that could provide inter-
connection using copper or glass-fibér distribu-
tion facilities.

* Cable TV networks that could provide inter-
connection using new glass-fiber and coaxiai-
cable distribution facilities.

* Metropolitan fiber digital networks that could
provide interconnection in some cities in which
they are being deployed,

Networks that contain intelligence, e.g.,
databases, control processors, and signaling that
is suitable, or could be readily adapted, to sup-
port PCS access include:

* Local exchange networks that are equipped
with signaling system 7 common channel sig-
naling (887 CCS}, data bases and digital con-
trol processors.

* Interexchange networks that are similarlyequipped.

Data networks, e.g., the Internet, could per-
haps be adapted to provide the needed intelli-
gence for wireless data access, but it does not have
the capacity needed to support large voice/data
wireless tow-tier PCS access.

Many entities and standards bodies worldwide
are working on the access network aspects of
wireless PCS. The signaling, control processing, and
data base interactions required for wireless access
PCS are considerably greater than those required
for fixed place-to-place networks, but that fact must be
accepted when considering such networks.

Low-tier PCS, when viewed from a cellular
high-tier paradigm, requires much greater fixed
interconnection for the much closer spaced base
stations. However, when viewed from a cordless
telephone paradigm of a base unit for every
handset, and perhaps several base units per wireline,
the requirement is much less fixed interconnec-
tion because of the concentration of users and trunk-
ing that occurs at the multi-user base stations.
One should remember that there are economical
fixed wireline connections to almost all houses
and business offices in the United States now. If
wireless access displaces some of the wireline

34 29

R A AR T T W W T N S g T T i T v T e L IO P
A L A - o - p B s . - v

R e e

IEEE Personal Communications » April 19U




R R T e et st

connections, as expected, the overall need for
fixed interconnection could decrease!

Conclusion

ireless personal communications embraces

about seven relatively distinct groups of

tetherless voice and data applications or
services having different degrees of mobility for
operation in different environments. Many differ-
ent technologies and systems are evolving to pro-
vide the different perceived needs of different
groups. Different design compromises are evi-
dent in the different technologies and systems.
The evidence suggests that the evolutionary tra-
jectories are aimed toward at least three large
groups of applications or services, namely, high-tier
PCS (current cellular radio), high-speed wireless
local-area networks (WLANS), and low-tier PCS
{an evolution from several of the current groups).
It is not clear to what extent several groups, e.g.,
cordless telephones, paging, and wide area data,
will remain after some merging with the three
large groups. Major considerations that separate
current cellular technologies from evolving low-
tier low-power PCS technologies are speech
quality, complexity, flexibility of radio-link archi-
tecture, economics for serving high-user-density
or low-user-density areas, and power consump-
tion in pocket carried handsets or communicators.
High-tier technologies make use of large complex
expensive cell sites and have attempted to increase
capacity and reduce circuit costs by increasing the
capacity of the expensive cell sites. Low-tier tech-
nologies increase capacity by reducing the spac-
ing between base stations, and achieve low circuit
cost by using low-complexity low-cost base sta-
tions. The differences between these approaches
result in significantly different compromises in
circuit quality and power consumption in pocket
sized handsets or communicators, These kinds of
differences also can be seen in evolving wireless
systems optimized for data. Advantages of the
low-tier PACS/WACS technology are reviewed in
the article, along with technigues for using that tech-
nology in high-tier PCS systems.
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Wiréless Networks

o fn the decade ahead, they will deliver personal-

TECHNOLOGIES

ized communications to people on the go and
basic service to many who still lack telephones

by George I. Zysman

ear the end of the 19th century
a young man named Guglielmo
Marconi connected a spark emit-

"-ter to a short antenna and sent a burst

of radio waves through the air to a sim-

* - ple receiver. It responded by ringing a

-, bell, signaling the birth of a technology
~ - that promised to allow people to com-
' municate across distances while in mo-
~ tion. In the closing decades of the 20th

century, several waves of innovation
have made wireless communications
the fastest-growing segment of the glob-
al telecommunications industry.
Wireless networks are proliferating

rapidly, going digital and harnessing
“Intelligent network” technology to lo-

cate ard identify roaming subscribers
and to customize the services they re-
ceive. An intelligent network consists
of a distributed signaling network of
switches, databases and dedicated com-
puter servers that is separate from, yet
intimately connected to, the transport
networks on which subscribers' voice
calls and data actually flow. This archi-
tectural framework, which has been re-
fined over the past 30 years to support
such services as 800-number calling,
caller identification and “911," will soon
make personalized communications ser-
vices as portable as a pocket tdephone.
As advances in microelectronics, dig-
ital radio, signal processing and net-

-South America’s largest n

C g e e
i

work sofm:ma;e conveth'ge in the_ m
place, portable telep] ones e 5
smaller, smarter and léss g%:ensivé. .
Some mm}dngonnewfoms. suchas
the wireless handhéld compuiters ’
personal digital assistants (PDAs), 80
that they can handle text and graphics
aswe]lasaudiomessages.vldeoismt_
far behind. Increasingly, the software
runming on “smart” terminals—typified
by the graphical user intexfaces and in-
telligent software agents available to-
day in PDAs—will work hand in hand
with intelligent networks to enhanCe
portable communications.

Over the past five years the demand
for wireless services has risen beyond
all expectations. In 1983 some industry
analysts predicted that fewer than one
million Americans would use cellular
services by the year 2000. Currently
more than 20 million do. Cellular ser-
vices now spearhead the market pene-
tration of wireless communications, as
the number of cellular users gwws an-
nually by approximately 50 percent in
North America, 60 petcent in weéstern
Europe, 70 percent in’ Aus;rqlla ‘and
Asia, and more than 200 percent in

Analysts now project thiat"
three quarters of the households in the
US. and. nenrly half a Yillion people

someplnces,mchuonthlsundlln
Argentina.




worldwide will subscribe to a wireless
service of some kind. The Federal Com-
mumications Commijssion has raised
nearly $8 billion in the past year, with
more to come, by auctioning licenses
to use emerging technologies and radio
spectrum around the frequency of two
gigahertz to provide a new set of wire-
less capabilities known as personal
communications services, or PCS. The
terms of these auctions require licens-
ees to move quickly to install the in-
frastructure needed to provide PCS. The
magnitude of the investment that has
been made by PCS licensees and equip-
ment manufacturers is a measure of
the Industry’s confidence in the project-
ed market demand, This phenomenon
18 not limited to the U.S. Before the cen-
tury is out, service providers in Europe,
Japan, Thailand, Singapore, Malaysia,
China, Australia, New Zealand and In-
dia all reportedly plan to have PCS sys-
tems up and

The growth of the wireless market
has increased pressure on reguiatory
bodies to allocate more spectrum and
on service providers to use spectrum
more efficently by converting to digital
technology.

_ The Switch to Digital

The present analog standards used
by most cellular systems encode
voices and even digital data tnto con-
tnuous variations of a carrier wave,
which are then decoded by the receiver.
Already many cellular service providers
are converting their networks to one of
several digital standards that translate
voices and data into a bit streamn, which
is sent fn waveforms that represent dis-
crete pulses. Compared with their ana-
log counterparts, digital systems can
both expand the capacity of the medium
and compress the messages it carries.

Most cellular and PCS networks will
soon use one of the digital air interface
standards—different ways of sharing
the limited spectrum among many us-
€rs at a time—that are now vying for ac-
ceptance, Whether one will eventually
win out remains to be seen. In the most
likely scenario, intelligent base stations
and dual-mode terminals will adapt to a
patchwork of multiple-access air inter-
face standards spread across the wire-
less landscape. But all the leading digi-
tal afr interface standards offer a similar
benefit: the ability to pack more hits of
conversations into a slice of spectrum
than an analog system can.

Once wireless service providers switch
to digital, they can further increase the

tumber of customers served by employ-
ing compression techniques, which are
improving steadily. A stream of eight
kilobits per second can transmit good-
quality speech; better quality, delivered
not long ago at the rate of 32 kilobits
per second, now requires only 13.

Service providers can also keep ahead
of demand by shrinking the size of each
cell—the area covered by a single base
station—in crowded areas. It is much
easier to add small celis with digital
standards, since they provide error cor-
rection and help the receivers resolve
interference between adjacent cells,

The move~to all-digital technology is
driving communications terminals to-
ward greater functionality, smaller size
and lower power. Portable telephones
and other wireless devices are essential-
ly miniature computers with some ex-
tra electronics to transmit and receive
radio signals. As such, they are suscep-
tible to Moore’s Law, an axiom first pos-
tulated by Gordon Moore, co-founder of
Intel, in 1965. It observes that the per-
formance of mass-produced microchips
doubles every 18 months or so.

Every year and a half the digital chips
needed to run a wireless terminal or
base station shrink by about 50 percent.
Already cellular telephones are slipped
into pockets. Soon they could be
strapped onto wrists. Analog base sta-
tons that currently require towers, real
estate and air-conditioned shacks will
eventually be replaced by inconspicuous
digital base stations serving minicells.
Microcell systems deployed to cover
very simall areas may even become the
size of a smoke detector.,

Over the next few years, cable televi-
sion operators will begin adding base
stations to their fiber-optic and coaxial-
cable networks, carrying telephone traf-
fic on unused cable channels and sup-
Plying wireless access to neighborhoods
in competition with other local access
providers. If they use the same air in-
terface standard as a local cellular car-
rier, their telephone customers could
be able to place calls over the cellular
network, and vice versa. Power compa-
nies, which own ubiquitous grids of
communications as well as power facil-
ities, are entertaining similar thoughts.

Data on the Air

Although portable phones and pagers
are certainly convenient—after all,
two out of three business calls still end
in “telephone tag”—new devices and
network systems that can transmit and
receive text and images over the air will

K)
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havealargerhnpact.lnthelongtem
on the way people communicate, Built-
in radio modems can Hnk laptops, PDAs
and other handheld digital devices over
today’s predominantly analog cellular
networks, and there are several dedicat-
ed wireless data networks in service,
Digital cellular networks for mobile and
packet data services are to
offer other alternatives. Licenses to pro-
vide “narrowband PCS"—two-way pag-
ing and moderate-speed data messag-
ing services at frequencies around 900
megahertz—were awarded by the rcc
through auctions held in 1994,
First-generation handheld wireless _
computers did not catch on, perhaps
because they were somewhat awkward

and had too little functionality for the =~ -
price. But as people of every ageand - “:

income grow increasingly familar with
electronic mail, commerdiat on-line ger-
vices and the Internet, it stands to rea-
son that they will want access to the in-
formation these media offer at any time,

~according to need or whim—not Just

when they happen to be sitting at a
computer.

It is possible to adapt old-fashioned
devices to receive newfangled messag-

es. Several companies offer to filterand . :
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forward E-mail, one line at a time, to
your alphanumeric pager via satellite.
Artificial-speech chips are now sophis-
ticated and inexpensive enough that
they could be put'into telephones, so
that they would read incoming text
aloud. But mjgre versatile devices will
require disp and reasonably fast
transmissioni¥ates to handle graphics
Analog network technology limits
data communications via modem to
relatively slow speeds: 14.4 kilobits per
second or less. Digital networking will
help somewhat by eliminating conver-
sions between analog and digital for-
mats; it will not necessarily increase
data rates for standard service beyond
the equivalent of a telephone line,
Eventually, even the boost from the
present digital standards and compres-
sion techniques will prove insufficent
to provide enough room to pass data-
intenstve messages among hundreds of
millions of customers. By the turn of the
century, wireless faxes will be common,
and video mail could be widely used
throughout wireless as well as wire-line
networks. If spectrum is aliccated to ac-

commodate the resulting deluge of im-
ages, it will probably be at frequencies
of around 30 to 40 gigahertz, although
some video services may be available
at 2.5 gigahertz. Because radio signals
at these short wavelengths behave like
light, buildings and even foliage block
them, and coverage is essentially limit-
ed to line of sight, So wireless broad-
band services would be fixed rather
than mobile, and service providers
would need to shrink cells further to
serve large numbers of subscribers.
Alr interface standards will also prob-
ably evolve to accommeodate broadband
data and video transmission. The first
generation of digital standards pre-
sumes a circuitlike connection between
two devices for an entire call. That ar-
rangement is better suited to telephone
calls than to surfing the Net. The Inter-
net uses standards based on routing
individually addressed packets of data.
Telephone companies designing fiber-
optic networks to carry interactive video
services plan to connect them with
broadband packet switches—using a
technology called asynchronous trans-
fer mode, or ATM—that can shunt pack-

ets of data, voice and video along the
appropriate paths at extremely fast
rates. Wireless networks will follow this
trend when it becomes the most effs-
cient way to combine voice and multi-
media services. It is possible; in fact,
that wireless service providers and ca-
ble TV companies may lead the shift to
ATM. The timing will depend on exist-
ing network assets, technological plans
and investment strategies, . - .

Intelligence in Modoh -J

s portable telephones grow in pop-
ularity, they will also tend to offer
more features, Ten years from now you
will almost certainly still be abie to buy
a simple wireless device that is limited
to voice calls; it will probably be quite
inexpensive. More common, however,
will be devices that can handle faxes
and video and run software applica-
tions. Doubtless there will be many
styles with widely varying capabilities.
This could cause problems. The smart-
er a device must be, the greater the risk
that its complexity will baffle the user.

And different models will work differ-

R B

The same technologies that provide flip-phone service
to people on the go can provide basic dial tone to re-
gions where it has never been heard before. This is much
of the planet: about haif the people alive today have never
made a telephone call. A number of developing countries
have expressed a desire to leapfrog over a generation or
two of network technology, using wireless infrastructure
to jump-start telephone service.

These countries see two advantages in wireless tele-
phone systems. The first is cost. Many of the facilities nec-
essary for a conventional wire-line access net-
work are typically engineered for 20 to 30 years
of service expansion. As a result, the cost of
building such a network where no infrastructure
exists may be prohibitively high.

With a “fixed wireless” network geared for ac-
cess rather than mobility, a service provider can
cover a large region with base stations and a sin-
gle unit for switching and control—a significantly
smaller investment. Subscribers can then con-
nect to the global network using portable tele-
phones, wireless public telephones, or terminals
mounted on buildings and wired to conventional
telephones. As the number of subscribers grows,
the service provider can easily add more base
stations to split the area covered by the network
into smaller segments.

The second benefit is time. Wireless networks
can be installed in months rather than the years
required to install copper wires. Argentina, for

Wireless Telephony for Developing Countries

example, announced In February 1994 that it was award-
ing licenses for the entire country to CTl, a GTE-led con-
sortium. By May an 800-cell fixed wireless network that
AT&T built for CT1 was up and running. It can serve as
many as 160,000 subscribers.

Telecommunications, many have observed, constitutes
the main infrastructure for the global economy. Where
there is a potential for revenue, wireless technology could
offer a bootstrap to participation in that market for many
regions of the world that might otherwise be excluded.
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ently. Picking up a friend’s telephone to
make a call might leave you staring at a
completely unfamiliar user interface.
One way to simplify the operation of
handheld wireless gadgets and make
them more user-friendly is to place
some of the intelligence needed to ac-
complish useful tasks in the network.
Intelligent network services available
now can, for example, forward calls au-

tomatically to a subscriber’s car, office,
home, portable telephone or voice mail.
Software architectures and systems
that facilitate collaboration between in-

telligent devices and intelligent net- ;
works will improve the accuracy of per-

sonal mobility services—ringing the
right device on the first try—and will
make much more sophisticated inter-
actions possible.

At AT&T, our vision of PCS is that it
will deliver the right service to the right
location and device without any inter-
vention by the caller or the subscriber.

"The trick is keeping track of where sub-

scribers are, One sohution is to use per-
sonal numbers: one per person, instead
of the three, five, seven or more that to-
day address different devices and net-
work locations where a person might
be reached. Register with the network,
and the network will translate yOur per-
sonal number, as dialed by a caller, to
the number for the appropriate local
device or mailbox, depending on the
typeofcallormessageandonyour
service preferences.

Smart cards offer another solution. If
all telephones were equipped with a
card reader, you could insert your card
in the nearest telephone, even if it be-
longed to someone else, and register
your presence with the nerwork. It
would then direct all your calis—or per-
haps only those from a special list of
priority numbers—to that telephone. Or
you could simply send the network a
normal datly schedule and use the card
to register exceptions. People who
would rather not be found would regis-
ter that with the network, too.

Smart cards might also help get
around the complexity of using sophis-
ticated telephones. Currently when one
travels to another country, dialing 911
does not get an emergency operator;
011 is rarely the correct prefix for in-
ternational calls. Such country-specific
codes may proliferate as devices be-
come more complex. But an interface
description could be stored on a smart
card. Insert that card in a strange de-
vice, and it could reconfigure itself to
work just like your own. You would not
have to learn how to use a plethora of

RatEL]
TN

WIRELESS DIGITAL VIDEQ researchers at Bell Labs are using lnnovative sigi
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signal-pro-
cesshgtechﬂquestominlnﬂzetheeﬂ’ectsofoomp:usionnndthevaprhsof
transmission through the air on image quality. o

new devices; instead they would learn
how to work with you.

Smart cards have been technological-
ly demonstrated. Whether the business
and personal privacy issues they raise

can be settled is another matter. Com-

panies in a wide varlety of businesses.
see uses for smart cards, but each has

an interest in controlling the personal
information that will be stored on them.
There are other, less controversial
ways to track callers and to provide lo-
cation-specific services. Cellular systems
can already locate a caller’s position to
within a few square miles. A more pre-
cise alternative would be to equip de-
vices with Global Positioning System
receivers, which can often pinpoint their
location to within about 100 feet using
signals from a constellation of orbiting
satellites. Equipping cell sites to locate
devices by triangulation could be less
€xpensive than using the GPS; this third
method might even be more accurate.
In emergencies, such techniques could
help 911 services reach callers who do
ot know where they are. More routine-
ly, networks could offer customers in-
telligent access to interactive data ser-
vices in a kind of “information mall”
that pulls together services from many

independent companies. Arriving in an
unfamiliar town, a traveler might use
her PDA to request a list of nearby Ttal-
ian restaurants from the network. The
network could pass this request to a
program fun by the Italian Restaurant
Assodation of America. The listing it
generates might then be sent to an in-
terface program provided by a third
company before appearing on the trav-
eler’s screen. Her PDA would hot have
to do much work at all.

Such advanced services will have to
wait for the business to develop. One
of the biggest hurdles is billing: every
company wants to be the one that
bonds with customers and collects in-
formation about them, since that can
lead to new business opportunities.

Ultimately, the distinction between
wireless and wire-line networks will re-
cede to the vanishing point. Portable
devices will be no more difficuit to use
than their wired counterparts and will
offer equivalent performance and ser-
vices. Hiding the complexity of wireless
networking technology from the peo-
ple it serves is admittedly a challenge.
But the technology is here and will ulti-
mately be put to its proper use—mak-
ing itself invisible,
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HOW IT WORKS
Calling by Cellular Telephone

on the population density of
the area.

e ™~ "‘\.\ Cellular technology divides
\“" ™ \“Handoff" Q.\"/f.— . a city into areas called
= § L /ﬁ/ { N cells. Each cell is from 1 to
X A\ 10 miles across, depending

Each cell contains a radio
transceiver, which sends

-~ and recieves information.
Calls from mobile phones
are sent to a switching
office, which is linked to the
regular land-line telephone
network. Calls can be sent
either to a regular phone or
another mobile phone.

yd
KEY \\,;

A/ Radio signal
wmm | and line

As a caller drives from one

ceil to another, the call is
“automatically passed to

the nearest transceiver,

and the caller's new
Sources: Pacific Teless; location is passed to the
US. West Cellular / | switching station.

The New York Time
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IDAY, MARCH 27, 1994

High Beams and Low

In a departure from traditional high-orbit satellite communications, a number of companies plan to use flests
of low-orbit craft instead. Here is how two of the most ambitious plans compare with older methods.

Traditional communications
satellite In geostatlonary orbit

SATELLITES One orafew.
ORBIT High over the Equator,

where the satelilte is always over

a single on Earth, a difficult and
axpensive orbit to achieve.

GROUND FOOTPRINT Huge; can
communicate with ground
stations in most of a hemisphere.
Transmissions get through even if
the satellite is very low in the sky.

POWER REQUIRED A |ot is needed
to cover the distances involved.
That means bulky ground stations
with big dish antennas, and big
and expensive satellites.

SIGNAL CAPACITY Very broad.
Can handle voice links or high-
speed data and video signals up
to broadcast-quality television.

Sources: Teledasic; Motorola.

Motorola’s planned ridium
network of satellites

SATELLITES 66.

ORBIT Low orbit from pole to
pole; 11 different routes with 6
satellites on each route; much
cheaper to reach than high orbit.

GROUND FOOTPRINT Smaller:
each satellite covers an area
2,800 miles across and need not
be high in the sky for trans-
missions to get through.

POWER REQUIRED Not much.
Ground stations can be as
compact and as mobite as
cellular phones; satellites can be
as smali as a phone booth.

SIGNAL CAPACITY Narrow. Meant
to handle simple voice and data
links comparable in quality to a
cellitar phone call.

SATELLITES 840,
. oaarr Low polar orbat sumilar to

Teledesic’s planned
network of satellites

Iridnum. 21 different routes with’
40 satellites along each routs; 1
in 10 wilf be a spare.

GROUND FOOTPRINT Much smal-
ler; each satellite covers an area
440 miles across and must be
almost directly overhead for
sighals to get through reliably.

POWER REQUIRED Not much.
Ground stations and satellites
can be small. But unlike tridium,
the system wiil not allow users tc
move about while connected.

SIGNAL CAPACITY Broad. Meant
to handle medium to high quality
voice, data and video signals,

though not broadcast-quality TV.

M
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ZMETHOD 2: CODE-DIVISION MULTIPLE ACCESS

b The New York Times
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