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description of the
commercial background,
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and technical standards
of European cordless
technology is contained
in reference [1].

igital cordless telephony is no longer
a thing of the future. After a decade
of research and development, tech-
nical standards are being translated
into products and commercially vi-
able networks. This article address-
es the role of digital cordless technology in the
transition to the personal communications system
(PCS) era. Although this role cannot be predict-
edwith certainty— markets will make their own deci-
sions — we can identify a range of technical,
service, implementation, and market issues that will
influence it.

This discussion is limited to digital cordless sys-
tems. Although analogue cordlesssystems,CT1,are
already inwidespread usage and stillundergoing sig-
nificant developments and enhancements, digital
technology is the wave of the future. Thisarticle focus-
es on developments in Europe, where the devel-
opment of cordless standards was pioneered.
Advanced microcellular radio technologies are
also being explored in North America and Japan,
but Europe remains unique in having established
accepted standards to facilitate volume markets.!

Because PCS, personal communications net-
works (PCN), and cordless access have been sub-
ject to widely differing perceptions, this article in-
cludes a review of the evolution of the pan-Euro-
pean digital cordless standards, as well as a brief
summary of these standards — CT2 and DECT
— and a description of industry progress in equip-
ment availability and service implementation.
The conventional European model of the digital
cordless telephony marketplace has envisaged three
overlapping applications—domestic, business, and
public access (Telepoint). A discussion of this
model and the progress to date in addressing each
of these applications is also included.

Wireless data networking has emerged as a
new opportunity of the 1990s — European cord-
less standards were designed with such needs in mind,
and cordless LAN products to the DECT stan-
dard have already beenannounced. Thisarticle pre-
sents a view of the role of CT2 and DECT
technology for such applications and the implica-
tions for cordless integrated services.

Finally, this article looks beyond today’s tech-
nology at current European activities to standard-
ize a Universal Mobile Telecommunication
System (UMTS), ITU activities on Future Public
Land Mobile Telecommunication Systems
(FPLMTS), and possible scenarios for the role of
cordless technology over the next decade.

Pan- Eur opean Di gital
Cor dl ess St andards

E uropean research into digital cordless tele-
phony, which laid the foundations for today’s
products, began in the UK and Sweden in the
early 1980s. Recognition of the limitations of the
contemporary analog products, in terms of secu-
rity and user density, and the market potential of
wireless PABX, WPABX, were key factors stimu-
lating this early activity. Rapid technology
advances fueling, and fueled by, the growth in the
cellular radio market over the decade, again par-
ticularly inthe UK and Scandinavia, supported imple-
mentation feasibility whilst also helping to direct
development toward higher radio frequency digi-
tal solutions. A timeline of European digital
cordless development is illustrated in Fig. 1.

In 1985, CEPT initiated standardization of
second-generation cordless telephones. By thistime,
several companies had developments in hand,
and the first digital cordless standards were pub-
lished in the UK in 1987. These national stan-
dards specified parameters associated with the
operating frequency, transmitter power and spec-
trum, and interconnection with the PSTN, but
left the issues of radio protocols open to manu-
facturers—these were coexistence rather than com-
mon interface specifications. European debate over
the relative merits of different technical solutions
was underway by this time, with Sweden advocat-
ing a TDMA/TDD solution in contrast to the UK’s
FDMA/TDD. Demonstrations of prototype equip-
ment operating at about 900 MHz were given in
Autumn 1987 to CEPT. The stalemate between
the two approaches resulted in a CEPT decision
in January 1988 to base the new European stan-
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m Figure 1. Cordlesstimeline diagram.

dardupona TDMA/TDD/MC (Time-Division Mul-
tiple Access/Time Division Duplex/Multiple Car-
rier) approach operating just below 2 GHz, hence-
forth to be known as the Digital European Cord-
less Telephony (DECT). “Telecommunications”
replaced “Telephony” in 1989, an acknowledgement
that DECT should support dataaswell asvoice com-
munications.

With the formation in 1988 of the European
Telecommunications Standards Institute (ETSI),
responsibility for DECT standardization transferred
to the ETSI RES 3 (Radio Equipment and Sys-
tems) subcommittee. Several working groups and
a full-time project team were established, with the
full technical details of the DECT standard com-
pleted on schedule by mid-1991. This was fol-
lowed by a public inquiry phase during the latter
half of 1991 and formal approval of the specifications
by the ETSI Technical Assemblyin March 1992. Fol-
lowing the normal voting procedures, DECT became
aEuropean Telecommunication Standard, ETS 300-
175, in August 1992. DECT has a guaranteed
pan-European frequency allocation, supported by
ETSI memberadministrationsand enforced by Euro-
pean Commission Directive 91/287.

In the late 1980s, manufacturers that recog-
nized the potential importance of pan-European
standards from ETSI chose to support DECT
standardization while completing their existing devel-
opments, seeing these as near-market products
by comparison. This led to the parallel developments
of CT2inthe UK and of CT3 (also knownas DCT900
or BCT900) in Sweden.

Because the early UK standards were designed
as coexistence standards, several proprietary
products were developed. In 1989 the UK gov-
ernment issued four operator licenses to allow
public-access cordless, generically known as Tele-
point. As part of the license conditions, operators
were required in due course to allow roaming between
systems, thereby implying the need to adopt com-
mon radio protocols — a common air interface,
or CAl. A CAl specification had been developed
cooperatively by UK manufacturersduring late 1988
and was published in May 1989 after a series of
consultationswith other European PTTsand indus-
try. With the emergence of the CT2 CAI stan-
dard, some manufacturers chose to abandon
their prior developments and move straight to
CAl equipment, while otherschose to complete and
market proprietary products such as Shaye Com-
munications’ Forum Phone and Ferranti’s Zone-
phone.

Since the initial publication of the UK CAI
standard, it has been adopted by ETSI and exists
alongside DECT as a European standard, having
received endorsement as I-ETS 300 131 in Novem-
ber 1991. It has also received widespread interna-
tional support, for Telepoint applications in
particular, as described below.2 The CT2 CAI
MoU group, formed in 1990 played an important
role in promoting the acceptance ofacommon Tele-
point service and in providing the common net-
work and inter-service agreements lacking in the
CA\ air interface standard. This group has devel-
oped into a truly international organization far
beyond its Europeanoriginsandisnowknown asthe
Association of International Telepoint Operators.

When Telepoint licenses were announced, the
UK government also launched the concept of
PCN. Some industry viewpoints on making personal
communications accessible to the masses were
that PCN should provide universal geographical cov-
erage with two-way calling, be small, convenientand
inexpensive. These concepts were not new — the
idea of a convergence between cellular and cord-
lesstelephony for the mass marketwas already under
investigation within the European Community-fund-
ed RACE program.3 This initiative served to
accelerate the development time frame. Initial
proposals for UK PCN envisaged the use of both
cordless (CT2, DECT) and cellular (GSM) stan-
dards to provide such a capability, but the win-
ners of network licenses eventually migrated towards
a GSM-based standard, enhanced to operate at
1.8 GHz,nowknownas DCS1800.4 The DECT stan-
dard hasbeen specified toinclude arole asanaccess
extension to GSM — thus, the possibility of using
acordlessterminal toaccess PCN networksstill exists
in principle.

Cor dl ess Technol ogy

n contrast to cellular radio, cordless standards

primarily offer an access technology rather than
fully specified networks.> Cordless terminals gen-
erally transmit at lower power than cellular, neces-
sitating the use of microcells with a range of 100
meters or so, compared to cell sizes of tens of
kilometers for cellphones. In high-density offices,
much smaller cells, picocells, may be used, with
the systems operating in an interference-limited
rather thanrange-limited mode —insuchascenario
trafficdensitiessignificantly higher than those avail-
able from cellular standards may be achieved, on
theorder of 10,000 Erlangs/sq km. The CT2and DECT

2In Sweden, Ericsson
continued development
of their CT3 system but
failed to secure ETSI
endorsement. Attempts
to secure its acceptance
as a standard for the
Canadian market were
unsuccessful.

3Early work in the mid-
1980s in the EC RACE
program led to the
concept of a Universal
Mobile Telecommunica-
tions System — UMTS.
The initial RACE pro-
gram in this area was
completed in June 1992.
Having laid a foundation,
this work is now undergo-
ing further development in
several other collaborative
research programs under
RACE 2, the second
phase of RACE.

4Further details on DCS
1800 are given in the
article by Robin Potter

of Mercury Personal
Communications elsewhere
in this issue.

5The DECT standard
offers a proposed network
architecture in addition
to the air interface
physical specification

and protocols, but
without specifying all of
the necessary procedures
and facilities.
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m Tabl e 1. DECT and CT2 CAl standard parameters.

standards have many similarities and some impor-
tant differences. Their principal radio character-
istics are summarized in Table 1.

The dynamic channel assignment (DCA) tech-
nigue employed in cordless systems automatically
provides adaptive channel reuse, obviating the need
for the expensive cell frequency planning normal-
ly associated with cellular radio systems. With
DCA (free channel search) the handset and base sta-
tion together self-select a suitable channel to sup-
port new traffic requirements, based upon radio
channel availability measurements at both ends
of the link. Such an approach indeed is essential
for the high-density office WPABX environment
and is increasingly being considered for wider
PCS applications because it offers simpler system
deployment. The use of DCA results in an inter-
action between different cordless links such that
the performance of a cordless system must be de-
rived from modeling or analyzing the system as a
whole, rather than simply considering a link in
isolation from its dynamically changing radio
environment. Several such simulations for CT2
and DECT have been published [2-4].

Both standards use 32 kb/s ADPCM speech
coding, low transmitter power, and time-division

duplexing, transmitting, and receiving on the same
frequency channel. CT2 maps a single time-divi-
sion duplexed telephone conversation onto a sin-
gle frequency channel; DECT employs a more
complex time-division multiple access, 24-times-
lotscheme. Thus, asingle DECT carrier cansupport
multiple calls over asingle RF transceiver. Animpor-
tantfeature of the DECT frame structure is the abil-
ity to employ multiple timeslots to support higher
datarate links— forexample, ISDN services. Occu-
pied DECT timeslots can change carrier frequen-
cyevenwithinasingle frame, providing added system
flexibility. The differing frame structures are
illustrated in Fig. 2a and 2h.

DECT’suse of multiple timeslots dictatesa high-
er transmission data rate than for CT2, and thus a
wider transmitted bandwidth and associated car-
rier spacing. Current European specificationsallow
for 40 carriers spaced by 100 kHz and located in
the 864.1-868.1 MHz band for CT2, and for 10
carriers spaced by 1.728 MHz and located in the
1880-1900 MHz band for DECT. A possible exten-
sionofthe DECT band by afurther 30 MHz hasbeen
discussed and may occur if demand materializes. The
presence of existing allocations outside of Europe
means that alternative frequency allocations will be
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used insome countries (suchas Australiaand Cana-
da) for CT2, although still within the 800 to 900
MHz range. More detail on the operation of the
DECT and CT2 systems is available in [1] and [5],
as well as in the standards publications them-
selves, which are available from ETSI.

Appl i cations of Cordl ess
Access

erceptions of the anticipated digital cordless tele-

phone market during the mid-1980s differed
across Europe. The shortcomings of existing ana-
log domestic telephones interms of security, privacy,
and user density were appreciated, and this was
the initial driver in the UK. Elsewhere, the poten-
tial of cordless accessto permituser roamingin busi-
nessapplicationswasthe keydriver. Inaddition, the
opportunity to offer a public-access Telepoint
service was quickly recognized —the technical impli-
cations of which, in terms of a common radio
interface, have already been noted.

The possibility of using a single cordless tele-
phone instrument in all three environments was
seized uponas providing asignificantadditional user
benefit that could enable each of these three
markets to stimulate the growth of the others.
Several manufacturerscommissioned research into
the anticipated market sizes and interdepen-
dences. Results from one such study are shown in
Figure 3, which displays a forecast for the appli-
cation share for CT2 some five years after prod-
uct launch. Such a figure displays a static snapshot
in time — clearly the domestic, Telepoint, and
business markets will not grow at the same rate
and indeed each will be impacted by differing fac-
tors. Furthermore, the role of cordless technolo-
gy for the local loop is an additional emerging
“wildcard” market thatwas not envisaged at the time.

The Donestic Application

Akey factor affecting market penetration of any new
product is price and, in particular, price relative
to existing comparative products. Within the UK,
existing analog cordless telephones built to a sim-
pler technical specification than elsewhere in Europe
have been sold. Therefore, the relative price
competitiveness of the new digital products in the
UK is poor compared with mainland Europe. For
thisreason, UK CT2manufacturershave notyetsig-
nificantly targeted the domestic market, concen-
trating instead initially upon the Telepoint and
the business WPABX markets—domestic base sta-
tions are being sold, but primarily as part of a
Telepoint package. Given the ability of the busi-
ness market to bear the higher prices usually
associated with the early stages of the product
life cycle a similar approach would seem likely as
DECT products become available. As product
volumes increase and prices drop, the new digital
cordless phones will become increasingly compet-
itive for domestic applications, given also the
additional attraction of Telepoint usage as the
service becomes better understood.

Tel epoi nt

Although it is a European concept, the initial suc-
cess of Telepoint has been in Asia, where early sys-
tems have taken off remarkably, in spite of the ab-

Telepoint access).
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sence of the complementary domestic and WPABX
products. Singapore Telecom launched itscommer-
cial Telepoint network to the CT2 CAl standard in
January 1992. A total of 1500 handsets were sold
on the first day and some 10,000 subscribers, two
thirds of the operator’s first year forecast, were added
to the network within the first month of opera-
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Country System Name | Status Characteristics Operator

France “Bi bop” Srasbourg Trial Trial provided full coverage wth 300 base | France Tel ecom
Commerci al Servi ce stations and 3000 handsets with two-
expected in Paris, vay calling.

Sept enber ‘ 92.

Ger many “Brde Mini ch Tri al Approxi natel y 3000 trial users, DBP Tel ekom
Gommerci al Servi ce trial extended to Kehl, near Srashourg, (possi bl e second
deci si on expect ed toalowinternational roaming wth the oper at or)

Cct ober 1992. B Bop system

Net her | ands “Q eenpoi nt” Gormer ci al  servi ce National coverage including 350 basesta- PTT

began May 1992. tions in Ansterdam plus coverage of sta- | Netherlands
tions, airport, post offices, etc. (possi bl e second
(2000 base stations pl anned); oper at or
handsets wth built-in pagers pl anned. “B uepoi nt”)

A nl and “Pointer” Hisink Tria Cheaper than payphone char ges; Tel ecom
Began June 1992; coverage of Helsinki and other naj or Finland
comerci al Service cities and transportation routes (500
expect ed Aut umm base stations at |aunch, expanding
19927 To 2000).

UK “Rabbi t” Hut chi son
Gommerci al Service National coverage, with 12,000 base sta-
began May 1992. tions expected by Decenber 1992;

Hong Kong Paging and vorce mait optons. Two operators:
Gommerci al Service Full coverage, use wth pagi ng 33, 000 Hut chi son and
began March 1992. subscri bers by June 1992. Cheval i er

S ngapor e “Cl | zone” Si ngapor e Tel ecom
Gommerci al Servi ce Ful'l coverage, (2300 basestations at

m Tabl e 2. Status of CT2 CAI Telepoint networks [7, 8].

tion. In Hong Kong, where a full coverage system
combined with paging hasbeeninstalled, the system
rapidly sold out, with 20,000 subscribers within
the first month. In both cases the systems have
used the CT2 CAI standard with readily available
equipment. Recent market forecasts suggest
some 2.3 million Telepoint subscribers in the
Asia-Pacific marketplace over the next decade
[6]. Like the initial UK networks, these early
Asianonessupportonly outgoing callsfromthe Tele-
pointuser—however, the high penetration of pagers
in these countries perhaps reduces the perceived
importance of this initial limitation. Elsewhere in
Asia, Thailand launched its CT2 Telepoint system
in February 1992. Malaysia has adopted CT2, and
the People’s Republic of China plans to imple-
ment a system in Shenzhen, Guangdong province,
during 1992.

Such success contrasts with the earlier UK expe-
rience during 1989-1990 in which three commer-
cial Telepoint systems were launched based upon
proprietary (non-CAl) CT2 standard equipment.
These three competing networks failed to attract
a significant user base and all subsequently closed
down. The demise of these initial networks has
been attributed to the lack of a common standard,
limited supplies of handsets and base stations, and
highequipment pricesand service charges. The lack
of any significant incentive to develop the comple-
mentary domestic and WPABX markets, which
was partly due to the lack of available product,
hasalso been cited as a contributory factor—although
thismay be questioned in the light of the experiences
in Asia.

A fourth UK network operator licensed at the
same time as the other three, Hutchison Telecom,

chose to await the ready availability of standard-
ized CT2 CAI equipment. Hutchison launched its
network in mid-1992, initially supporting only
outgoing calls but offering paging and messaging
facilities as standard options. This followed a pro-
longed trial with 1000 users and 2000 base sta-
tions located across the UK. The purpose of the trial
was to test and validate the network infrastruc-
ture and software and, equally importantly, to estab-
lish end-user feedback. The orientation of the
Hutchison system is unashamedly consumer/mar-
ket led, with the nontechnical brand name Rabbit
in contrast to the technically derived names of
the earlier systems. Hutchison believes that the care-
ful planning and willingness towait for the necessary
factors to stabilize (standards and equipment
availability) prior to launching its system will pay off.

Hutchison’s first commercial service was
launched in the Greater Manchester area in May
1992 and provided full coverage in the city center
area. The launch was followed by a rapid rollout
across the north of England during the summer.
National coverage was in place by autumn, and 12,000
base stations are scheduled to be in place by the
end of theyear. Initial reportsat the time of this writ-
ingindicate thatsalesin the Manchester area exceed-
ed expectations.

Elsewhere in Europe, other CT2 CAI Telepoint
networks either have been in trials, are being com-
mercially implemented, or are planned (Table 2).
Some 14 countries have now signed the European
Telepoint Operators Memorandum of Understand-
ing, and three additional signatories are expected
shortly. In France, user interest was such that the
size of the Strasbourg “Bibop” trial was increased
from a planned 2000 to 3000 handsets. Base sta-
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tions have also been deployed in Kehl, just across
the Germanborder, inorder to investigate the poten-
tial of cross-border roaming.

Commercial operation in France with 1500 base
stations covering the center of Paris is expected
as of this writing by September 1992. A further
4000 base stations are planned to extend cover-
age to the lle-de-France area, a 30 to 50 kilome-
ter radius around Paris that contains 25 percent
of France’s population. Two-way calling was seen
from an early stage as important in France, so an
automatic local log-on capability has been built
into the French trial network. Such capabilities are
likely to be adopted more widely across Europe,
alongwith intersystem roaming, in the coming years.

In North America, the Radio Advisory Board
of Canada recommended adoption of a CT2-
based Telepointsystem,badecision endorsed by the
Canadian government in May 1992. Operating
licenses are expected to be awarded in late 1992
or early 1993. In the USA, although the demand
for cordless access is high, the proliferation of
technical innovations for implementing personal
communication services, fostered by a very com-
petitive standards environment, makes any kind
of prediction about the likely role for CT2 Telepoint
difficult. Having said this, trial CT2 Telepoint
systems are operational under experimental FCC
licenses. In South America, Brazil has adopted
the CT2 CAl standard withaslight shiftin frequency
band. Other countries showing interestin CT2
Telepoint include several other European and
Asian countries, as well as South Africa, New
Zealand, Australia, and Indonesia.

Although CT2isthefirstavailable Telepoint stan-
dard, DECT has also been specified to support
publicaccess. Inreality, and given developmentand
implementation time frames seen for CT2 in
recent years, it is too early to say what relative
roles CT2 and DECT will eventually find for pub-
liccordlessaccess. CT2 proponentswould argue that
by the time DECT equipment becomes available,
CT2 will be firmly established in Telepoint. This,
however, makes certain assumptions for develop-
menttime framesof DECT equipmentand does not
consider interactions between the different appli-
cation markets — domestic, public, and business
—orculturaland geographical preferences. The rel-
ativerolesof DECT and CT2 productsinthe emerg-
ing business WPABX market may also have animpact
upon this, as will relative product pricing.

W rel ess PABXs

The potential business applications of cordless tele-
phones were one of the early drivers for the
development of the technology. While early
European cordless products focussed upon Tele-
point, the past year has seen significant progress
in the WPABX arena with, notably, the launch of
systems from GPT, Northern Telecom, and oth-
ers. Forecasts for the cordless business market
continue to predict considerable potential for
such CT2 based systems, as well as for DECT sys-
tems when these become available (Fig. 4).
Cordlessaccessinthe PABX environment offers
two key sets of benefits. First, itenablesusersto retain
the wide range of conventional PABX featureswhile
physically roaming across a business site — factory,
office complex, campus, and so on — or even across
amultisite private corporate network. Second, it offers
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the potential for deploying full PABX functional-
ity butwithout much of the expense, delay, and incon-
venience of wiring up new premises. Opportunities
for such newapplicationsexistinsituationsinwhich
temporary deployment of wired PABX function-
ality previously might not have been justified.
Many of the associated problems arising from office
relocation — rewiring, staff being inaccessible,
and so forth — are avoided.

In addition to cordless access points, base sta-
tions, or cordless concentrators, a WPABX must
be enhanced with mobility managementintelligence
that enables it to locate users and route incoming
calls to the appropriate cordless base station/con-
centrator, thereby facilitating both incoming and
outgoing calls for the user. Authentication/identi-
fication and billing/accounting functions are also
required. ISDN as well as the voice capabilities
supported by the PABX can also be supported by
WPABX systems.

As a user arrives at aWPABX-provided site and
wishes to operate his cordless telephone hefirstneeds
to register his presence on the system. This is done
by switching on his handset, which causes the
telephone toaccess the system and communicate its
identity. Thereafter, the WPABX periodically polls
ortracksitslocation—the radio coverage microcell
inwhichitislocated —to route incomingcalls. DECT
supports a powerful paging capability within its
protocols, capable of accessing up to 6000 subscribers
without needing to know in which cell they are
currently located, thus reducing its location regis-
tration requirements. The provision of PABX-local-
ized intelligence and intersite signaling to allow
multisite roaming effectively introduces an almost
IN type of capability into private networks, providing
in effect a closed user group or private PCN. With
increasing regulatory liberalization — for example,
corporate private networks using spare capacity to
carry third-party traffic — new commercial oppor-
tunities could emerge fromsuch technological capa-
bilities.

The need for in-call handover between cord-
less base stations in the business environment is
not a universally agreed requirement. Some see in-
call handover as being essential, but others maintain
that for a slow moving pedestrian, or even a static
office environment, such a facility is an unneces-
sary luxury. Such views probably reflect different
types of users and different market sectors and,
as such, it is a feature that manufacturers can
offer in response to market demand. In-call han-
dover within a radio cell and between cells is pos-
sible with both the CT2 and DECT standards. It
hasbeendemonstrated oncurrent CT2-based prod-
ucts and will be standard with DECT.

WPABX implementation approaches adopted
by different manufacturers have been described

6Strictly, CT2Plus, an

enhanced version of the

CAl standard.
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in several references. Early CT3 systems devel-
oped by Ericsson [1] have been deployed and it is
anticipated that their DECT systemswill build upon
this architecture [10]. The first systems being sold
to a European standard are the CT2-based sys-
tems developed by GPT and Northern Telecom,
which were demonstrated at Telecom 91 in Gene-
vaand launched during 1992 (Fig.5). The GPT prod-
ucts offer acordless capability enhancement to their
installed base of PABX customers, as well as to
any other PABX with standard DPNSS signalling
[9]- Such anenhancement capability is clearly impor-
tant, because users with existing PABX facilities
would prefer, if possible, to enhance existing
equipmentrather than have to bear the costs of early
PABX replacement in order to secure the bene-
fits of cordless access.

Beyond product development, both installa-
tionand maintenance supportwill be key for success
in the WPABX market. Corporate telecommuni-
cations managers and PABX users generally have
minimal awareness of the issues associated with radio
propagation and coverage. They simply want 100
percentreliable, high-speech-quality telephone calls.
For this reason, manufacturers are focusing on
the development and provision of deployment
and diagnostic guidelines and tools to facilitate
the easyyet reliable installation of these three-dimen-
sional microcellular systems.

Radi o Drop

Since the initial conception of the “three-mar-
kets” model for cordless phones in the 1980s,
technical, regulatory, and political developments
have served to encourage a fourth potential market:
wireless local loops or radio drops.

Traditionally, telecommunication services
have been provided by wire from an exchange to
the user’s premises. The rapid advances in cellu-
lar radio, with the improved quality and reliability
offered by the new digital standards, offer for the
first time a cost-effective alternative to fixed wire
interconnect. Falling equipment costs are becoming
comparable with the costs of physically deploying
and maintainingwire connections between the local
drop point and user premises. However, this is
not the only factor, because in many situations
the wired connections already exist as a “sunk
cost.”

Another key factor encouraging radio drop
has been the increasing liberalization of telecom-
munications monopolies in Europe, an EC policy
associated with the development of the Single
Market. This has resulted or is expected to result
in changes to the regulatory framework to allow
an increasing number of such applications.

The political changes in Eastern Europe have also
given rise to a rapid proliferation of cellular sys-
tems for fixed and mobile telecommunications
systems, given the poor state of the basic telecom-
munications infrastructure in many of these coun-
tries. In eastern Germany in particular, radio drop
has been implemented rapidly since reunification.
Thisdemonstratesthe potential of radio to supplant
or augment traditionally wired applications.

The technical suitability of cordless technology
for radio drop has been questioned by many, due
to the low transmission powers (—10mW mean) and
ranges (of order 50 to 500 meters or more depending
onenvironmentand antennagain). Although it lacks
the range and building penetration of higher power
cellular or perhaps even DCS1800, the potential still
exists to provide reasonable coverage using direc-
tional antennas and external rooftop stations wired
to a normal telephone socket inside a house. Fur-
ther, the costs of cordless technology are low com-
paredwith other optionsand the applicationisbeing
vigorously promoted by some manufacturers [10].

Product Devel opnment and
Availability

spreviously noted, the first CT2 equipmentavail-

able onthe open marketwasbuiltto proprietary
non-CAl standards. Although these products failed
toachieve large productionvolumes, the experience
gained from these developmentswasvaluableinthe
subsequent development of CAI products. The
first CAl equipment to become generally avail-
able emerged from the two UK companies GPT and
Orbitel, both of which supplied equipment for the
early European Telepoint trial networks. GPT
has also supplied production quantities of both
base stations and handsets for the now commercially
operational networks and was the first company
to demonstrate its WPABX product offerings.
Motorola is also emerging as a volume producer
of CT2 Telepoint equipment and has announced
an intention to cooperate with Northern Telecom
to address the WPABX market. Several other
companies have also indicated an intention to
supply CT2 equipment, though some are still
evaluating the development of the market before
committing production capacity.

The summary of some of the actual and poten-
tial suppliersof CT2and DECT equipmentin Table
3showsthatseveral manufacturersare publicly sup-
porting both DECT and CT2 developments.

Following the approval of the DECT standard by
ETSI in 1992, product developments from a num-
ber of telecommunication manufacturers and
chip suppliers are well advanced. Indeed, as with
CT2, many of the manufacturers have been under-
taking development work in parallel with the
standards process. Although Ericsson has made much
of claimed similarities between its proprietary
CT3 (DCT900) system and DECT and is publicly
targeting the DECT WPABX market with claims
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Supplier CT2 CAI DECT
Acatel 0
Ascom O
Bosch O
Dassaul t O

Eicsson (viaQhite) O
Ryitsu ] O
GPT O O
Li bera u

Mat ra O
Mitel O
Mot orol a O O
Nort hern Tel ecom O O
Qi vetti 0
Ohitel 0 0
Panasoni ¢ O

Rilips O
Samsung O

Shaye ] O
Si enens (via @7T) O
Sony O O

m Tabl e 3. DECT and CT2 CAIl equipment
suppliers [7, 11].

that it will be the first to market with such prod-
ucts, other manufacturers also clearly see this as
a potentially important market. However, detailed
timescale commitments for productavailability from
any manufacturer remain scarce at the time of
this writing.

Inadditionto private DECT developments, var-
ious public validation systems based upon the emerg-
ing specification were constructed and used to pro-
vide technical inputto ETSI during the pasttwoyears.
These include the Italian Verification System and
the UK DECT Testbed, which was constructed with
the support of the UK government’s LINK Personal
Communications Programme. The latter systemwas
constructed by a consortium of UK cordless man-
ufacturers during 1990 and demonstrated to the
ETSI RES 3 radio working group in spring 1991.
Subsequent to this, the testbed equipments were
used for a range of system performance trials in
all likely DECT operating environments, both indoor
and outdoor—such as shopping malls or along busy
streets — with and without diversity. In addition,
performance was measured using channel and inter-
ference simulators to gain performance data in a
more controlled manner. Technical papers detail-
ing trialsand simulation results from thiswork were
given to the standards committees. The construc-
tion of such validation systems has strengthened
confidence in the DECT standard and helped to
maintain the targeted timescales for standards devel-
opment, as well as providing valuable experience

Category Typical System density Standardization
terminal (Mb/ha*/Floor) responsibility
bit rate (t*ha=10*m2)

(Mbfs)
1 0.2 <1 RES 8, 2
2 2 3-10 RES 3 (DECT)
3 20 100- 1000 RES 10 (H PERLAN

m Tabl e 4. ETSI cordless LAN categorization.

for the participating manufacturers.

Cord] ess Dat a
Appl i cati ons

snoted earlier, cordlesstechnology is not restrict-

ed to voice telephony, and indeed the cord-
less datamarket has become increasingly prominent
inthe pasttwoyears. As laptop computers have devel-
oped into first notebook and now palmtop com-
puters,and ascordlessand cellular technologies have
dramatically advanced, the synergy of portable com-
puting and radio communications has emerged as
not only feasible but as a commercial imperative.
In the U.S. the advent of the FCC Part 15 rules
stimulated numerous spread spectrum approaches,
while in Europe the need for standards prompted
ETSI to establish an Ad Hoc group under RES
to examine the matter during 1991. This led to
the categorization of user capacity requirements
(Table 4).

Because the DECT standard was specified for
bothvoice and dataapplications, itwas notsurprising
that ETSI confirmed a role for DECT to support
medium-rate cordless LAN applications. The poten-
tial of spread spectrum systems has also been rec-
ognized and is now being examined within the
ETSIRES2group. Anew technical committee, ETSI
RES 10, has been established to specify the High
Performance European Radio LAN, or HIPER-
LAN (which is similar to IEEE 802.11). Outside
Europe, extension of the CT2 standard to sup-
port data has also been implicit in the definition
of CT2Plus for Canada. Thus, it would be inap-
propriate to review cordless technology without con-
sidering this application of the technology.

Cordl ess Data wi th DECT

The protocol stack for DECT is based upon the
OSI layered model, as are LANs. The correspon-
dence between layers is illustrated in Fig 6. The
protocol systemsused by LANs have been laid down
inthevarious IEEE 802 standards; for example, Eth-
ernet is based upon CSMA/CD, and is defined in
IEEE 802.3.

Anexample cordless data configuration isshown
in Figure 7. In such an arrangement, the bridge
device must perform the interworking function
between these IEEE 802 standards and DECT. If
interworking is performed between the Logical Link
Control (LLC) layer ofthe LAN protocol and the Data
Link Control (DLC) layer of the DECT protocol,
the system can be made to be independent of the
particular LAN technology employed. The cordless
cell canthen be connected into an Ethernet, Token-
Ring, or Token-Passing Bus. (It is assumed that
the protocolsacrossthe LAN and acrossthe DECT
interface are fully terminated in each case. The prob-
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lems of converting data rates, formats, and proto-
cols at the wire-to-radio interface make any kind
of single end-to-end protocol impractical).

Thebridge device examines the addresses of data
packets and routes them appropriately. In gener-
al, most of the traffic on the conventional LAN
will not find its way over the DECT radio inter-
face. Only data packets for the cordless stations
will be transmitted within the cell. This means
that the bit rates offered by DECT do not result
inapunitively low data throughput. Ethernetisbased
upon a fundamental bit rate of 10 Mb/s. Howev-
er, a site-wide LAN backbone may well service
the needs of hundreds of users. By comparison, a
DECT radio cell inherently constitutes a small
area and hence needs to carry only a small pro-
portion of the total traffic.

The majority of traffic will be carried using
connection-oriented procedures from the DECT
standard — a DECT call is set-up and released
for every packet transferred. A restricted amount
of all-station information is also transferred using
connectionless procedures. For example, infor-
mation relating to the structure of the network
can be broadcast to all stations using connection-

less procedures.

Cordlessstationsautomatically register their pres-
ence over-the-air when they arrive in a new radio
cell. This means that a PC could be moved from
one office to another without having to go through
complicated reconfiguration procedures. All
cordless stations synchronize their receiver scans
to that of the bridge. This allows the use of fast
set-up procedures, reducing the overhead at the start
of each packet to just two frames [12].

For normal telephony applications, DECT uses
duplex pairs of timeslots to achieve reciprocal data
throughputs of 32 kb/s, as indicated in Fig. 2. In
the LAN application, much higher instantaneous,
unidirectional data rates are needed. This can be
achieved by the use of multiple timeslotsand the use
of both the uplink and downlink slots (as they
would be used for telephony) for transmissionin the
same direction, i.e. assymetric transmission.

Because the DECT standard allows consider-
able freedom in the choice of parameters for im-
plementation of data services such as cordless
LAN, a range of different system configurations
and implementation options may be envisaged.
Analytical and simulation work on such systems
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has recently been reported in the literature, indi-
cating user data rate performance up to a few hun-
dred kilobytes per second [13]. Such simulations
are particularly valuable in allowing the trade-
offs between user data rates and access latency to
be quantified for different implementation
approaches.

It is notable that the most publicized DECT
product development to date has in fact not been
for simple telephony applications but rather for
data, as in Olivetti’s cordless LAN [14]. A proto-
type of this product was demonstrated at the
ITU Telecom exhibition in Geneva in October
1991; products were scheduled to be available this
year.

Cordl ess Data with CT2

By virtue of being originally conceived as sup-
porting digitally encoded voice services, CT2 is
also capable of supporting data services. With the
initial emphasis in Europe on CT2 usage for
Telepoint, the task of enhancement of the stan-
dard for data has occurred largely in Canada,
where data standards have been included in the
CT2Plus specification. Four different types of cir-
cuit-mode data-bearer services are specified over
the 32-kb/s B channel in the specification: full-duplex
asynchronousdataservices, full-duplex transparent
(including synchronous) data services, packet
data, and Group 3 facsimile.

Asynchronous data services allow communica-
tion with wired computer facilities at asyn-
chronous rates of 300, 1200, 2400, 4800, 9600,
14400 or 19200 b/s and employ a combination of
automaticrepeat request (ARQ) and forward error
correction (FEC). Flow control isemployed to mod-
erate the user terminal or host computer data
rate under conditions of radio path degradation.

Transparent data bearer services offer the
user unrestricted access to the 32-kb/s B channel
or to lower rate channels, with rates synchronous
and user-selectable, thereby enabling the support of
data services not otherwise explicitly supported
by the specification. The transparent service pro-
vides FEC (except at 32 kb/s), but not ARQ.

The packet data service enables the use of
X.25- or ISDN-based packet equipment. Further,
a point-to-multipoint packet mode data bearer
service can also be implemented, with the cord-
less base station acting as a hub of a star configu-
ration for applications involving sporadic data or low
average traffic per user. An enhanced reservation
ALOHA scheme is used to arbitrate access in
this latter case.

The Group 3facsimile capability enables the oper-
ation of standard facsimile machines via cordless
links over either a packet-switched connection or
apublicor private packet data network that supports
facsimile packet assembly/ disassembly.

Integration of Voice and Data

At first sight, the achievable bit rate across the
radio interface would appear to be a major limi-
tation of using existing cordless standards for imple-
menting LAN or other data functions. However,
because this interface is used only for transmit-
ting data for stations within a single radio cell,
this is not as serious a problem as it might first
seem. Existing cordless standards hold considerable
promise for applicationssuch aselectronic mail, the

transfer of small to medium size files, and termi-
nal concentrators. Nevertheless, there are appli-
cations for which such systems would clearly be
unsuitable, such as for connecting high-speed graph-
icsserversor for providing site-wide LAN backbones.

Because agreat deal of effort has been dedicated
in Europe to develop cordless telephone equipment,
the radio designs required for cordless dataand LAN
equipment are already available. Further, the
technology allows integration of PABXs and
LAN systems, with the bridge device and cordless
base station being integrated into the same physi-
cal equipment.

Although a strong latent demand for cordless
dataapplications apparently exists, the pace of inte-
gration of such services with the wireless PABX
remains uncertain, as the market is still at an early
stage. Thelikely development of the integrated cord-
lessvoice and datamarketisclearly related to demand
for wired integrated services. While to date this
latter market has not met early expectations, demand
will emerge in due course — the lack of widespread
availability of network and equipment capabili-
ties and of value added services have been inter-
related factors, all of which are now progressing
across Europe. Variousinitiatives, both national and
pan-European, are expected to stimulate these mar-
kets over the coming decade.

Beyond Today’ s Cordl ess
Access: UMIS and
FPLMTS

he migration of microcellular cordless tech-
niques forwider area systems hasalready begun.
The original PCN initiative in the UK and the sub-
sequent initiatives in Europe and North America
have all served to hasten technical progress in
personal communications, notonly atthe radio level
but also at both network and service levels.
Looking beyond today’s second-generation digi-
tal cordless and cellular systems, extensive research
is underway to define the elements and architec-
ture of third-generation systems—ETSI’s Universal
Mobile Telecommunications System (UMTYS),
and the Future Public Land Mobile Telecommu-
nications Systems (FPLMTS), now under devel-
opment by CCIR, with assistance from CCITT.
The degree of standards commonality between these
initiatives remains to be seen — while political
and commercial sensitivities could militate for or
against common standards, it is encouraging to
see the high level of common participation across
the relevant standards bodies and the statements
of intent to seek collaboration and cooperation.
Universal Personal Telecommunications, UPT,
which is being specified by CCITT and ETSI, will
be an important precursor to UMTS/FPLMTS. It
has the potential to implement personal numbering
(asopposedto location-dependant numbering) inad-
vance of third generation systems. This is likely to
be animportantaspect of marketeducation. The avail-
ability of UPT will further the developmentofatrue
consumer marketplace for the advanced personal
telecommunications products over the next decade.
Several new UMTS research projects began at
the start of 1992 with the support of the Euro-
pean Commission underthe RACE 2 program. The
projects address network, service, and radio

The original
PCN
Initiative in
the UK

and the
subsequent
Initiatives in
Europe

and North
America
have all
served to
hasten
technical
progress in
personal
communica-
tions.

"Further details on third-
generation systems and
the UMTS work of the
RACE program are given
in the article by Stanley
Chia of British Telecom
elsewhere in this issue.
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access issues. With support from the major manu-
facturers, operators, and administrations across
Europe, these projectswill feed results into both the
ETSI and CCIR work.”

Cor dl ess and PCN PCS

owwill be therole of cordlesstechnology in PCS

develop in the coming years? In answering
this question it is important to bear in mind that
personal communicationsservices are supported by
networks — PCN, cellular, fixed, and so on. Cord-
less-access technology offers low-cost portable hand-
sets, data terminals, and base stations that can be
configured and managed to access services via such
networks. As the demand for mobility continues
to increase, cordless-access technology will have a
role in many different scenarios and applications,
limited perhaps more by regulatory factorsthan tech-
nical ones.

In personal communications services, low ter-
minal and infrastructure costs are a factor in pro-
viding low-priced services and hence volume pene-
tration. Inthis respect, cordless access systems appear
inherently cheaper than the initial European PCN
offering, DCS1800, and lack the complexities of
equalization and frequency planning — even con-
sidering relative-volume economies and learning-
curve factors.

The reduced area coverage capability of Tele-
point public access clearly limits the level of ser-
vice, but to one that is quite adequate for many
consumers. Indeed, in limited high user density areas,
full area Telepoint coverage using multiple cheap
base stations has been proven practicable. The com-
mercial movestoincorporate, at the minimum, pag-
ing and subsequently two-way calling features are
pushing the Telepoint capabilities increasingly
upmarket, although the technology costs remain
acceptably low.

In practice however, Telepoint will not com-
pete head on with DCS1800 or cellular, because
the infrastructure costs for comparative wide area
coverage would be prohibitive. Although PCN
will provide a higher service level for profession-
al users who are prepared to pay for such ser-
vices, Telepoint appears to be ready to provide
the first truly consumer mobile communications

offering. Inthisrespect, itwill play akey role in many
countriesin familiarizing the consumer marketplace
with the practical concepts of telephony on the move,
and indeed stimulating the market for other personal
communications services.

In business environments it is possible in prin-
ciple to integrate or at least interface the mobility
management of private and public systems, and in
a similar way to make use of existing links between
corporate and cellular networks. How such a
potential integration/interfacing might develop
remains to be seen, and may differ between coun-
tries. The potential for integrating in-building
WPABX services with public access Telepoint or
even PCN, however, could provide interesting
new commercial opportunities.

Concl usi on

uropean consumers have yet to appreciate the

potential of personal communications. Still,
in 1992, mobile telephony is for the vast majority of
Europeans a business tool rather than a consumer
product. Although the market is indeed moving
toward a mass-market, this transition is still at an
early stage. Early market experience reinforces
the importance of education — for example, peo-
ple need to get used to the idea of communicat-
ing while on the move, before the desirability of a
single pocketphone that can be used in all loca-
tionsbecomesasignificantconsideration. Telepoint
will play a part in this process.

While the elegant concept of three symbiotic
application markets — allowing the use of a sin-
gle cordless handset in domestic, business, and pub-
lic environments — is intuitively attractive, it may
be equally illusory and in reality a long-term sce-
nario. Initial Telepoint market success in Asiacould
be interpreted as casting some doubt on the
model; perhaps it should be treated as a guide,
not a rule.

Market forecasts for cordless phones in Euro-
pean markets continue to be bullish, as shown in
Fig. 8. Such predictions indicate market success
for both the CT2 and DECT standards, and this
may be why most manufacturers continue to sup-
port both standards. It is quite possible that as
the market matures and demand for integrated
voice and high rate ISDN services develops, the
balance between DECT and CT2 will change.
National, geographic, and cultural preferences
will also affect market acceptance. Many people
perceive DECT and CT2 as addressing different
market sectors, goals, and timeframes, but at pre-
sent it appears that both standards have the po-
tential to succeed. Given that the GSM digital cel-
lular standard is now being adopted in so many
countries worldwide, one may anticipate similar
success for these established European cordless
technologies.

The emerging personal communications indus-
try in Europe has learned some hard lessons as it
has pioneered PCN and Telepoint concepts, tech-
nology, and services in recent years. It is now set,
however,toreap some ofthe rewards. Standardsare
firm, prototype networks have been tested, com-
mercial systems are being installed and operated
worldwide, and digital WPABX products are now
available. User and operator experience with
these systems over the next few years, during the
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transition from being a technology-led niche
business market to a market-led consumer one,
will be a key factor in shaping the development of
personal communicationsservices for the year 2000
and beyond.
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