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With the emergence of second generation cdlular mobile and cordless systems, the
first steps have been taken towards a ubiquitous universa personal mobile
communicdions network. Since 1988 Europe has conducted pre-normative UMTS
reseach within the RACE programme, as well as in other European Community
frameworks and in the context of national programmes, to explore technological
options and to cary out basic reseach in collaboration with service providers,
network operators and equipment manufadurers. However, the vision within the
past RACE Mobile Projeds and current ACTS Workplan developed under the 1994

98 4N Framework for European Reseach (as well as within the various
standardisation bodes), is now one of total universality; universal in coverage ad
accesshility, but coupled with universal service provision in terms of scope,
cgpability and availability. Personalised communicaion services over UMTS will
exploit its bearer and teleservice cagabiliti es: a wide variety of UMTS-suppated
services and applications are foreseen. Services include speed, video and data &
various bit rates and these ae expeded to provide awide range of user-group
applicdions, including provision of interadivity. Thiswill lead to agradual blurring
of distinctions that now exist between fixed and mobil e services, in parallel with the
development of the Intelligent Network(s). To enable UMTS to enter service
successfully, clea technicd guidelines have to be developed, regarding in
particular the level of UMTS suppat of ATM (Asynchronous Transfer Mode)
technology on IBC networks, the compatibility of UMTS and fixed-network
architedure and intelligent functionality, the level of integration of the satellite
components of UMTS, the multi-service @nvergence philosophy of the UMTS
radio air-interfaces).

1.1 The evolutionary vision of mobile communicationsin Europe

While UMTS is a system to be deployed at the turn of the century, work towards

defining 4th generation Mobile Broadband Systems (MBS), for use beyond 2005 is
dready necessary from now. It is indeed of strategic importance to meet the
requirements for wirelesscommunication with very high throughput and to develop
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the industrial capability to producethe necessary system components. Also essential
is the investigation and definition of system aspeds, radio access ghemes, network
management issues, integration with IBC, etc.

Although most basic and system technologies have been already developed for the
implementation of wideband digital mobile networks and their inter-operabili ty with
the fixed network, what is gill to be done for a true UMTS and MBS
implementation may be in principle listed as follows:

e afull functional integration between mobile and fixed networks and a provision
on mobil e networks of all services which, more or less are drealy available &
the fixed level;

e asound charaderisation of the radio channel propertiesin the 2 GHz band,;
« feadhility studies and development of new (universal) mobil e terminals;

e basic studies for mobile broadband communicaion a millimetre waves,
including propagation aspeds, network architedures, RF and |F components,
intelligent antennas and the integration with satellit e networks;

e an exhaustive and well assessed test bed demonstration of UMTS/MBS
fadli ties and capabiliti es;

* the definition of the relevant standards at a worldwide level.

The dove vision embraces the inter-operabili ty of fixed, mobile and mobil e-satellit e
networks when supparting persona communicaions fadlities. UMTS and MBS
must, therefore, be locked into this convergence process towards acces
independent, universal, persona communicaions. The European pre-eminence in
digital mobile radio (Europe's world leading position in the implementation of
digital mobile technologies is unquestionable) has made the Union a major ador in
this field: Europe has historic strength in the domain, has technicd competence,
large home markets comprising sophisticated users, competent service providers,
and equipment manufadurers competitive on a world-wide level. Unlike other
courtries, like US and Japan however, it suffers from a fragmentation of adivity
aaoss the different Member States and its nationally based companies and
organisations. Without a rationalisation of the efforts in this area it losing its
pasition to the global competition; such a rationalisation should carefully take into
due acount the three kinds of economy which affed the palicies and strategies of
the mgor telecmmunicadions players in the world market: scde, scope ad
integration.

"Economy of scde" is the dasdc advantage of mass production; "Economy of
scope” refleds the alditional benefit to the user of having the same service widely
available; finaly, the "Economy of integration” refleds the alvantage of sharing
fadlities and the benefit for the user of combining services to meet spedfic nedds.
To do this, Europe's assts neal to be fully mohilised to become dfedive in
ensuring the eploitation of the three eonomies mentioned above and the whole
process $iould hopefully be user oriented, in order to ensure that the technology
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development adivities respond quickly to changes in ecnomic and socia
conditions and to new scientific discoveries and bregkthroughs.

Furthermore, mobility and the proliferation of either portable and laptop computers
or Persona Digital Assistants (PDA), together with potential cost savings in
avoiding the wiring or re-wiring of buildings, are driving forces for the introduction
of wireless Locd Area Networks (LANSs), which can transfer data and share
resources without physicdly connecting them. These have receved most attention
from equipment manufacturers because they represent two of the fastest-growing
segments of the cmputer industry, LANs and mobile mmputing. Although in
Europe the adivitiesat ETS| are aming towards the standardisation of a stand-alone
wireless LAN, next generation mobile systems must consider a system integrated
wirelessLAN as one of its key functionalities. Such integration concept requires the
design of high-performance pico-cdls, capable to suppart the requirements for high-
rate locd data communicaion: important issues to be aldressed are frequency
allocation/seledion, bandwidth efficient coding schemes, spedfication of medium
access protocols and link control, as well as connedivity aspeds related to the
badkbone wired o wireless communicdions networks.  Different working
environments (e.g. office production line, storehouse) have different requirements,
which concern seaurity, range, hedth aspeds, transmisgon rate, re-using of
frequencies, cost, maintenance, penetration ability, etc. The status of WLANS is
presently that they are mainly used for data distribution and spedfied to IEEE
80211 standard for use in the North American I1SM frequency band. Other
standards are in preparation, e.g. ETSI RES-10, and there ae severa proprietary
systems;, spedfic charaderisticsinclude:

e limited transmission distance (20-100 m);
« high capadty locd pico-cdl for voiceand data with high throughput;

e un-regulated and uncoordinated operation of multiple WLAN in the same
service aeg

e propagation and channel models (< 20 GHz, opticd, LED);
e propagation and channel models (60 GHz, opticd, laser);

¢ advanced baseband signal processng.

In the @ove mntext, Fig. 1.1 presents the schematic flow [1] of the evolution of
current (or next) systems/services towards the third/fourth generation ones,
highlighting the role of the Community, through RACE and ACTS works.

As a matter of fad, particular attention was paid in Europe in the receant past to radio
aspeds of third generation systems (for both narrow and hbroadband services), and
related propagation issues (measurements and modelling techniques); in the process
towards persona communicdions, a key topic is the seledion of the acces
technique, due to its impad on severa other system aspeds. the two mgor
competitors are (Advanced) TDMA and CDMA schemes, as known. Moreover,
within the European Community, it is of strategic importance that the dforts
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pursued at a national level be mmplemented on a much larger scde by Community
funded projeds, aimed at the development not only of a Pan-European market, but
also o world markets.

2nd Generation Paging

Systems and Networks
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Personal Satellite
2nd Generation Mobile Communications
Systems and Networks
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Fig. 1.1 - Evolution towards third/fourth generation systems
with referenceto RACE and ACTS programmes.

To these purposes, in 1992 two RACE (Reseach and technology development in
Advanced Communications technologies in Europe) Projeds have been set up by the
European Community, e.g. CoDIiT-UMTS (UMTS Code Division Testbed) and
ATDMA (Advanced TDMA Mohile Access), to get optimised system architedures
and compare their performance in a global environment. In addition, other RACE
Mobile Projeds were launched on related subjeds, within the framework of the
Mobile Projed Line of the Community, namely: MONET (Mabile Network), MBS
(Mobile Broadband System), MAVT (Mobile Audio Visua Termina), SAINT
(Satellite Integration in the Future Mobile Network), TSUNAMI (Tecdnology in
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Smart Antennas for Universal Advanced Mobile Infrastructure).  Concurrent
adivities in the field of standardisation are in progresswithin ETSI (the European
Teleammmunicaions Standards Institute), to addressthird generation mobil e systems
and services under the label of UMTS, with a spedal focus on radio interfaces and
network aspeds, but worth noting are dso the work of CEPT (Conference of
European Postal and Teleommunicaions Administrations) and ERC/ERO
(European Radiocommunicaions Committee /Office) regarding frequency
dlocaions, the work of CENELEC (Comité Européen de Normalisation
ELECtronique) on radiation hedth hazads and the adivities of the GSM-MoU
(Memorandum of Understanding), insofar as they may be apreaursor to a UMTS-
MoU.

It is expeded that future requirements for personal communicaions will read
unprecedented levels, and the demand for a Personal Communicéions Space will
require radicdly new, expanded and spedrum-efficient networks, infrastructures and
equipment. Asa mnsequence, the work of the new-born ACTS Projeds will mainly
focus on operationa trials and on the technological aspeds of integrated fixed and
mobil e broadband networks that have adired beaing on the provision of enhanced
personal communicaion services. Such trials dould validate the wireless sub-
system and network components in a variety of environments (office, residential,
fadory); they are expeded to demonstrate wst/effedive gplicaions and servicesin
the @ove ewvironments, validate the integration and interworking of heterogeneous
mobil e networks and fixed network entities and, on the other, suppart for the radio
connedion through the various layers of the ar-interfaces, proving their
effectiveness The ACTS Projeds will aso involve the development and proving of
maintenance procedures, reliability testing and end-to-end quality-of-service
management.  The work will contribute to the development of common
spedficaions and standards, as well as to the identification of new market
opportunities and needs for changes in regulatory procedures and equipment
spedficdions.

Such evolutionary scenario means that conformity, or at least compatibility, across
network interfaces of all the necessary call, signaling and control procedures and
protocols sould be granted. It will also be necessary to conform to certain network
functional arrangements and transmission requirements; in addition, the efficiency of
the threetechnologicd platforms (UMTS, MBS, and WLANS) must also be proven
in offering new oppatunities for advanced mobile services. There is a nedl to
establi sh the gplicetion feasibility of these services; a major isae in this context is
continuity of services aaoss different radio environments: in-building pico-cdls,
outdoar micro-cdls, smal and macao-cdls, delivered by networks of widely
differing cagpabilities.  The technologicd feasibility of underlying mobile
telecmmunicaions technologies, for accetable beaer capability, quality of
service, general system fit-for-purpose, interworking and integration requirements,
etc., should be identified through system oriented demonstrators taking placeusing
UMTS, MBS and broadband WirelessLANSs system platforms, in order to perform a
fine tuning of the technol ogies themsel ves to achieve the desired functionality.
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1.2 System migration prerequisites

The &ove transition to third/fourth generation systems is fundamentally based on
several prerequisites:

. Frequency Allocations and Spedrum Efficiency

. Enabling Tedhnologies and Advanced Service Provision
. Terrestrial/ Satellit e Mobil e Networks Integration

+  Standardisation

1.2.1 Frequency Allocations and Spectrum Efficiency

The question of overcrowding in the frequency spedrumisan old one. Asead yea
passs, hew services and new users are demanding a share of this limited natural
resource the problem may be dleviated (and this is the @se of mobile
communicaions) through the aloption of new techniques enabling higher and
higher frequencies to be brought into use, the utilisation of dual polarisation,
diredional or smart antennas, improved modulation methods, better filtering
techniques and computer aided frequency planning. Nevertheless, demand for
spedrum is gill growing, leading to a rather strong congestion in some parts of it;
taking into acount any existing constraint (of technica, economical, social or
politicd nature), both internationally recognised frequency allocaion procedures
and rules, and the subsequent work for maximising the spedral efficiency of the
avail able resources appea to be esential. Frequency spedrum availability should
no longer be a issue for mohile and personal communications, in a medium-term
perspedive & least, since the Final Acts of the 1992 World Administrative Radio
Conference (WARC-92) extended the frequency bands all ocated to a wide range of
mobil e terrestrial and mobhil e satellit e servicesin the range below 3 GHz.

In most cases, the dove services have been given the status of worldwide primary
services (or at least on regiona basis), with particular referenceto FPLMTS (Future
Public Land Mobile Telemmmunicaion Systems) or IMT-2000 (International
Mobile Telecommunications-200Q which is the recently suggested new name) [2].
WARC-92 dedsions will present a variety of challengesin the design and definition
of future services and systems and are schematicdly represented in Fig. 1.2 for the
16702450 MHz band: there is also much more room for future growth even at
higher frequencies, because severa existing fixed service bands above 4400 MHz
have been alocated to the mobil e serviceon aprimary basis.



COST 231in the European Telecommunications Environment 11

1660.5 1700 1800 1900 2000 2100 2200 2300 2400 2450 mt

| I I | L

|M0bi|e Service: co-equal primary status with Fixed Service |

1980 2010 2170
1670 1675 1800 1805 1885 2025 2110 2200 2290 2450 Mt

FPLMTS BPACE FPLMTS|SPACE

|_T I As of 2000 As of 2000
FTS

Also the Satellite Component as of 2005

TFTS = Terrestrial Flight Telephone System
FPLMTS = Future Public Land Mobil e Telecommunication Systems
SPACE = SpaceResearch, Space Operation, Earth Exploration Sdellite Services

Fig. 1.2 - WARC-92 Frequency Allocdionsto Mobile Services (1.6 - 2.5 GHz).

The most significant result was the promotion of mobile services to the m-equal
primary status with fixed services in the &ove frequency range; this is in full
agreement with the spirit of the 14 ECP (European Common Propasals) submitted
by CEPT, after a formal agreement amongst 31 European administrations (including
several eastern countries), readed after a consultation processled by ERC and ERO.
The WARC-92 dedsionsin the mobile aeamay be summarised as follows:

e Allocaion of a given frequency band (on a world-wide basis) to Persona
Communications under the title of FPLMTS, with 230 MHz (including space
segments) around 2 GHz;

e Allocdion of additional spedrum for mobile satellite services (terrestrial,
maritime, aeonauticd) with up to 100 MHz for big LEO satellite services
(Low Earth Orbiting) below 2 GHz and up to 10 MHz for little LEO, below 1
GHz

. Spedrum alocaion to APC (Aeronauticad Public Correspondence) systems,
taking into acount the different needs (and reservations) of Europe, US and
Japan

The primary status condition will fadlit ate the implementation at a worldwide level
of a number of European mobile systems, such as DECT, DCS@180Q ERMES,
DSRR (Digital Short Range Radio), without significant constraints. Concurrently,
the dl ocation of a given spedrum segment to FPLMTS (215MHz for Europe, in the
18852025 and 2110-2200 MHz bands, in order to take into acmunt the needs of
drealy existing systems such as DECT and DCS@1800, will pave the way to the

3rd generation systems gandardisation bodes (although with some limitations, due
to the foreseen dates of entering into force). Furthermore, it will enable them to
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define spedficdions and develop the relevant technologies for personal
communicaions on regional and international paths, including less populated and
developing countries, where traditional communication structures do not grant an
adequate coverage. On the other hand, it should be pointed out that at the same time
demands for spedrum for other service gplications and non-civil uses are dhanging
and must also be caefully recognised: for example, it is estimated that over 30% of
the spedrum range 30-960 MHz is typicdly currently allocated in Europe for
governmental (and chiefly military) use (asimilar propartion holds for the frequency
range up to 3GHz) [3]. Therefore, the problems of release/sharing of frequencies or
of funding user migration on re-farming of frequencies are of crucial importance for
a sound frequency spedrum management.

For Europe in particular, it is worth noting that, since from its inception, ERO
adivities have been direded to study the radio spedrum usage, promoting the DS
(Detailed Spedrum Investigation) programme [4 a,b], in co-operation with ECTEL
(European Telecommunications and Professona Eledronic Industry), whose main
goa isto arrive & a well established Frequency Allocaions Table for Europe by
June 2008 the first phase, regarding the frequency range between 3400 MHz and
105 GHz was sttled in 1993 while asewmnd phase (29.7 to 960 MHZz) is being
concluded during 1995 This work should ensure aministrations, industry,
broadcesters, service providers, operators and users derive the maximum benefit
from the frequency allocdions dedded at ITU level and is of course in full
agreement with the EC palicy (as outlined by the European Commission [3]), aimed
at the introduction of a single market in which competitive supply oppatunities
exist, together with a technical harmonisation which ensures maximum
compatibility and inter-operabili ty of telecommunications through Europe.

When allocaions and assignments (by licensing authorities) have been performed,
the question of effedive usage of spedrum resources arises, in order to maximise the
spedral efficiency of the service under examination. From a quite general
standpaint, protedion against potentially interfering services may be increased with
a proper seledion of the avail able system design parameters. In very general terms,
the foll owing measure may be used for quantifying the effedive spedrum usage of a
system [5]:

U=B-S-T (L)

where B is the frequency bandwidth, Sthe geometric space ad T the time, al denied
to other potential user of the same resources. The quantity S in particular (usually
an ared may be interpreted in some caes as avolume or as an angular sedor around
a point, whilst in other situation may lose one dimension, as in the cae of the
geostationary orbit. In case of mobile services, al the @ove quantities must be
taken into acount simultaneousy and opimised for an effedive spedrum
management. Once the measure of the spedrum usage is known (acording to the
previous expresson) the adual spedrum efficiency must be evaluated, since the
spedrum usage U, by itself, tell s nothing about the efficiency of use; again from a
genera point of view, aratio between the information transferred within the system
and the &ove measure U of the usage may be defined, acwrding to the equation:
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E=M/U (1.2)

where U has been previoudy discusseed and M could be the system information
transmission cgpadty (bit/s), the number of radio channels per unit length (or ared),
or even an equivalent maao-indicator, such as the service aeasize, the investment
revenue, etc.

According to [5], considerable work is needed to transform such general concepts
into cdculated values for any particular service In case of mohile coommunications
the &ove measure may be spedalised (irrespedive of system charaderistics), as.

n=(N-B)/W (1.3)

in which N is the potential number of users that could be served with the expeded
quality, B isthe bit-rate of asingle digital signal and W the total avail able bandwidth
for serving the territory. No matter which multiple acces sheme is adoped (see
Fig. 1.3 for a general schematic representation, with ntransmitters and n recavers),
one can conventionally introduce an equivalent bandwidth dedicaed to a single
channel, denoted by W it is then possible to factorise in the foll owing way:

B N _ B N

TTWe WIWe T W M
where n; is a meaure of the frequency efficiency (depending on the mo-
demoduation technique and coding), while ns is a measure of the space éficiency,
strongly depending on the dhannel reuse in the territory to be served and the
modulation robustnessto interference mntributions (oncethe spatial filtering effeds,
due to bah propagation losses and the posshble use of diredive antennas are taken
into acount). In pradice n¢ and ns are mutually dependent and what isimportant is
just the combination of bath; furthermore, ac@rding to the measure U of spedrum
utilisation, a third term should be alded to the &ove ejuation, to acount for the
time efficiency too (depending, for afixed quality, on blocking probability and mean
waiting time).

=N - Ns (1-4)

However, time efficiency, as previously defined, has a minor impad on global
efficiency; without loosing generality, N may be then considered as the number of
users smultaneously adive on the territory (thanks to the célular structure), while
M is the number that eat cdl could acoommodate, when completely isolated from
one aother.

Finally, in order to allow comparisons not depending on cdl size, a normalised
efficiency could be defined, as:

n

N (15)

Ny =
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Fig. 1.3 - General scheme of amultiple accesto radio channel withina cdl.

where N, is the number of cdls required for an adequate mverage of the service
area acwrding to the seleded multiple accsstechnique, the éove quantity N, will

take different forms, depending on the orthogonality properties of the alopted
scheme (and the related vulnerability to interferences). Further discussions of the
relative alvantages and drawbacks of different candidate solutions in terms of
spedra efficiency are out of the scope of this introductory chapter and will be more
extensively addressed afterwards.

1.2.2 Enabling Technologies and Advanced Service Provision

The aequacy of enabling technologies is slf-evident from the existing hardware
implementations which are widespread in use, and from the numerous articles and
conference papers devoted to highlight technologicd developments aimed at future
implementations, namely, smaller, lighter and more power efficient hand-held
terminals.

Since new generation mobile communicaion systems dould suppat over a
seamlessradio infrastructure not only the different service offerings of the second
generation ones, but also a much wider range of broadband services (data, voice
video, multimedia), novel multiple-acaess techniques sould be developed for
example, together with associated coding and compression technologies, to meet the
requirements for areliable and seaure transfer of very large volumes of information
at speals commensurate with those of fixed broadband networks. The overall
objedive is an improved efficiency of information transfer per unit bandwidth, of
frequency re-use planning tools and related channel all ocation techniques.
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A major application of UMTS isin fad to suppat data communicdions for a range
of bit rates up to 2 Mbit/s; furthermore, new information systems will be developed
that will cover both mobile and fixed workstations. For mobile environments the
service providers industry also requires gsandardised application interfaces: portable
workstations are getting smaller and they are often equipped with communication
interfaces for mobile and cordless systems. One trend is to integrate the portable
computer and mohile telephone into a single unit; this requires adaptive terminal
operation, cgpable to acoommodate heterogeneous air-interfacecharaderistics and to
optimise the distribution of intelligence between fixed and mobile entities, in order
to manage seamless migration among different radio environments. Taking into
acount the rapid developments occurring in the field of microeledronics, we can
exped that the technology will enable the development of Intelligent Multimode
Terminals that will provide afull range of service options in the future generations
of mobile mmmunicaion systems and be downwards compatible with current
seoond generation systems too. Finally, as far as the terminas themselves are
concerned, the objedive isto achieve enhanced performance with reductionsin size,
weight and bettery re-charge frequency.

The enabling technology domain also includes new adaptive (smart) antennas: use of
adaptive diredional antennas in the ntext of mobile cmmunicaions (for base-
stations, mobile terminal environments and furthermore indoar and outdoor
applicdions) has been recaving growing attention. Novel developments in fad
promise improved frequency re-use, higher protedion against interferences, and
better overall system cgpadty, together with a deaease in implementation costs.
Coupling these techniques to, and optimised with, sophisticated dgital signa
procesing technology will alow an adaptive, flexible axd power efficient
transceiver system.

A spedfic caegory of user isthe personal roamer, operatingin developing as well as
in developed countries: to provide telecommunication services to these cdegories of
users will require the internetworking and service suppat of fixed and mobile
satellite or terrestrial systems that suppat narrow and broadband services.
Individual requirements may demand handover between terrestrial and satellite
systems with terminal equipment cgpable of accessng both: certain international
organisations and large multinational corporations in fad need fixed, temporary
fixed and mobile @mmunicaions and often such organisations operate in
developing countries with no telecommunicaions infrastructure. It is indeed of
strategic importance to mee the requirements for wireless communicaion with very
high throughput and to develop the industrial cgpability to produce the necessary
system components. even more, in order to achieve the required high bit rates (up to
155 Mbit/s), it is necessary to consider high frequency spedrum resources. In this
context, reseach to determine the optimum spedrum all ocation (either in the K- or
Ka-band, or in the 60 GHz region, where two sub-bands at 62-63 GHz and 6566
GHz have been identified) is needed. MBS-like systems will provide novel multi-
media and video mobile telecommunicaion applicaions, including applications
appropriate to wireless office, broadband systems.
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1.2.3 Terredrial/Satellite M obile Networ ks | ntegr ation

In recett yeas there has been significant evidence that personal communications
will evolve & hybrid fixed/mobil e/satellite networks: system concepts have been
developed to caer to spedfic markets, but conventional satellite designs appea not
to be ale to provide eomnomicd service to hand-held terminals, thus different
concepts have emerged. Spedficdly, geosynchronous orbit satellites (GSO)
operating at the Ka-band (20-40 GHz) or low eath orbit (LEO) and highly lli ptical
orbit (HEO) are contenders to provide the order of magnitude increase in
communicaion cgpadty required for operation of extremely small terminals used in
mobile ommunicaion networks. Congestion in currently used frequency bands and
the demand for small eath stationsis bringing EHF satellite communications to the
point of economical viability, even if signal deteriorations due to hydrometeors and
vegetation/building blocking phenomena ae major drawbads. In this perspedive,
the satellite component of MBS, as with UMTS, has to be caefully investigated: in
principle, satellitesin al the éove mentioned dfferent orbits are caable of offering
operation to hand-held terminals, but with varying degrees of propagation delays
and asociated satellite and ground network complexity. The seledion of a
particular orbit will be atrade-off of these parameters. Compared with cdlular
systems, the satellite cmponent of UMTS/MBS will be limited by the number of
users it can suppat; there may also be limitations in the range of services it can
eoonomicdly offer to customers. However, they will have significant role to play
due to the aility to serve eomnomicdly very large aeas: this should enable them to
complement terrestrial UMTS/MBS with gobal roaming, and passbly to suppart
introduction of some services ahead of a terrestrial infrastructure.  Satellite
components may also provide fixed links from one UMTS/MBS network, say in a
developing country, to the Intelligent Network (IN) of developed countries
(interconnection of UMTS/MBS islands); this may help the roll-out of the IN or
provide emnomy where traffic islow. Another important applicaion in this areais
the use of alocd satellite gateway where dired accessto the spacesegment with the
personal communicatorsis not feasible.

Relevant to the work in this area a&e the developments taking placein the world,
under different schemes and constellations, such as IRIDIUM, GLOBALSTAR,
INMARSAT P21, ESA-ARTES, etc. In this framework, the European RACE
SAINT projed and COST Action 227 (Integrated SpacdTerrestrial Mobile
Networks), both aiming at evaluating and identifying the requirements for
integrating satellites into future personal mobile telecommunications are of
paramount importance  This process of Fixed, Mobile & Satellite Network
Integration will involve fundamental investigation of the essential network
architedures, networking principles, functionality disposition, signalling and control
procedures, together with protocols and terminal locaed functionality, that leals to
the definition of efficient and economic network architedures which are mutually
compatible: the essential functional, transmisson and operating charaderistics of
ead network must be recognised and acoommodated by the linked networks.
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1.2.4 Standardisation

Standardisation seems to be the aea of slowest progress. while there is genera
agreement that global standards are in everybody's interest for the inter-operabili ty
of regional telecommunicaion networks of various kind in order to provide the
customer with new universally accepted and available services, some difficulties gill
seem to exist in the @-operation between regional and international bodes. It may
be worthwhil e noting that ISDN standardisation has required approximately 15 yeas
and the ATM standard is under development by abou 5 yeas; this in spite of the
fad that, on average, telecommunications have developed up to now more than 50%
of al existing standards in al possble adivity fields at a world-wide level.
Standardisation needs a spontaneous consensus from all interested perties, nobody
excluded, in some caes on very spedfic solutions: current procedures (and the
relevant structures of spedficaion bodes) appea to be rather cumbersome and no
longer adequate to the adual objedives and market requirements, which are the
unique red independent variable of the global system. A ladk of a suitable and
timely answer from the standardisation world would probably lead to pragmatic
approaches, such as de fado world-wide standards (INTERNET is a significant
example), built up on the ground of market requirements, technology availability
and large multi-national companies willing, aimed at adual proprietary solutions,
without any a priori agreement.

In this resped, recent initi atives taking placein Japan, North Americaand within the
European Community indicate that to mee the dallenges of globalisation and
international competition, very significant effort must be devoted to the devel opment
of personal telecommunications networks, products and services. In Europe, the
European Telecommunications Standards Ingtitute (ETSI) established an "ad-hoc"
Group on Universal Mobile Telemmmunicaions System, now SMG5 (Subgroup 5
of the "Speda Mobile Group"), which focused on the aiticd points to be studied
for systems suitable for providing personal communicaions rvices to people on
the move. The main goal of the Group is the definition of the services that can be
potentially delivered by radio, with particular reference to access and terminal
mobility aspeds. This work has a very close relationship with concurrent ITU-R
spedficdion adivities on FPLMTS [6] and ITU-T studies on UPT (Universal
Personal Telecommunications), which is a service @ncept, aiming at the provision
of a full personal mobility. Other regional standardisation bodes are aurrently
adive in the same field: the T1 Committeein US and TTC in Japan are two mgor
examples, together with other organisations from Korea (TTA), Australia (ATSC)
and Canada (TSACCQ) [7].

The recent reorganisation of 1TU will undoubtedly stimulate progressvely closer co-
ordination between the various standardisation efforts. In fad, tight relationships
among the various regional bodes deding with third generation systems are warmly
supparted: this is refleded in a recent draft new ITU Opinion [8] which urges the
ITU to make every effort to persuade regional and national authorities to suppart the
Radiocommunicaion Sedor in an explicit manner in its development of
Remmmendations on FPLMTS and strongly encourage regional organisations to
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work together towards a single world-wide standard: the m-ordination of the
regional bodes within world-wide standardisation mechanisms is a first positive
answer.  Their grouping formerly in the Interregiona Telecommunicaions
Standards Conference (ITSC) and now around its successor, the Global Standards
Collaboration (GSC), should result into an effedive and efficient supervision of
standards-making management, by means of voluntary exchange of information
among their members, thus complementing ITU international adivities, minimising
the potential risks of overlap and/or duplicaion of work, and, on the whole,
increasingly shaping the world of telecommunications. Accordingly, there is a need
to continue, if not accéerate, contributions from any interested institution to
standardisation bodes on all aspedsregarding UMTS.

1.3 Medium/long-term Action per spectives

In the particular field of mobhile radio (or personal communicaions), the éove -
operative gproach will fadlitate the implementation of a smooth transition from the
send generation (not compatible) systems to the universal third generation one;
COST 231 most ambitious aim wasto ad as afocd point within such a process

1.3.1 Objectivesand Participation

The objedives of the Projed were, among others [9], to identify the charaderistics
of third generation mobile ad personal radio systems currently under spedfication,
and to provide design methods and coverage models for their implementation: this
involves gudies on digital transmission techniques. Propagation studies were
concurrently carried on in the UHF band for modelling and simulation of the
transmission channel, and establishing prediction methods for attenuation
(shadowing, penetration losses, etc.) and multipath effedsin large, small and indoar
cdls. For the long-term period, communicaions systems for broadband services
(i.e., services requiring a cgadty greder than that of the basic ISDN services) have
been studied, which involve a large spedrum of new telecom technologies at
mill imetre wave and infrared bands. Then, COST 231 reseach programme mvered
a wide spedrum of land mobile ammmunicaions aspeds, with a major emphasis on
personal communications systems that in the nea future will provide voiceand data
communicaions through small, chegp, handpartable radio terminals.

Participating Countries and Entities. Currently, 20 signatory Countries participate
at the M.C. medings: Austria, Belgium, Czech Republic, Denmark, Finland, France,
Germany, Greece Ireland, Itay, The Netherlands, Norway, Poland, Portugal,
Slovenia, Spain, Sweden, Switzerland, Turkey, United Kingdom. COST 231 M.C.
meds three times a yea, usualy on invitation by Administrations, Reseach
Institutes or Universities; more than 80 people usually attend the meetings, from
some 70 participating entities (Reseach Institutes, PTTs, Manufadurers,
Universities), aslisted in Annex 1.
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1.3.2 Liaisonswith European research and specification bodies

The COST 231 Projed started on 6 April 1989 [10] and, formerly scheduled to
expire on April 1993 was extended to 5 April 1996 with a three yea extension,
aimed on one hand to fully suppat ETSI in its dandardisation adivities of UMTS,
on the other to investigate, for the longterm period, communications systems for
broadband services, as well as the relevant propagation charaderistics in the
appropriate frequency bands (from high microwaves to millimetre waves), taking
into acount channel limitations and impairments.

Accordingly, COST 231 work in this stimulating context can be elvisaged to
complement the reseach adivities caried out within international and regional
bodes and, by definition, had a synergistic relationship with both ETS
standardisation adivitieson UMTS and ITU studieson FPLMTS and UPT.

As a matter of fad, in addition to the relationships with most RACE Projeds, a
number of liaisons with several regional or international bodes (ITU-R SG3, ITU-R
TG8/1, ETSI-SMG2, ETSI-SMG5, ETSI-RES02, ETSI-RES03, ETSI-RES10, UK
Tedhnicd Working Party on Mobile Propagation, UK LINK CDMA Projed, URSI)
were established by COST Action 231, and were fostered through exchange of
documents and participation to medings: "ad-hoc" rapporteurs are gopointed.

1.3.3 Action activities

According to the objedives, the magjor goals were to identify the charaderistics of
radio systems and provide design methods and coverage models for their
implementation [11]. Propagation studies have been caried on for modelling and
establi shing prediction methods for attenuation (shadowing, penetration losses, etc.)
and multipath effeds in large, small and indoar cdls. For the medium-long-term
period, most items concerning future mobile and personal telecommunication
systems were examined: narrowband and wideband techniques, coding and access
schemes, prediction methods for micro- and pico-cdlular applicaions. COST 231,
due to its nature and commitment to basic researches, had the freedom to consider
and compare several promising aternatives, in addition to those aldressed for
example by RACE Projeds, with particular reference to broadband services and
related technologicd problems.

The work has been split into threemain aress, all ocated to threeworking groups:
 WGL - Radio System Aspeds

*  WG2 - UHF Propagation

*  WG3 - Broadband Applications

WGL focused its work on system options and techniques for future third generation
standards; the work of WG1 was sen to complement the various RACE Projeds,
and also to provide significant results for the ETSI SMG5 Group. Particularly
important are the ntributions looking at multiple acces techniques (CDMA,
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TDMA, etc.), and the work in new modulation and coding techniques. Threetypes
of CDMA systems were examined in detail, namely DS-CDMA, FH-CDMA,
Hybrid SFH/DS-CDMA, together with related problems of interference suppression,
spedrum sharing and integrated voice/data services.

WG2 covered the mobile channel characderistics at frequencies between 900 MHz
and 3GHz. Particular attention was given to outdoar measurements and modelling
(maado and micro-cdls), by developing both datisticd and eledromagnetic
prediction methods, taking into acount the effeds of system parameters, such as
base dtation antenna height and dredivity, site locaion and environment.
Increasingly, the emphasis has been on outdoar short-range, indoar propagation and
building penetration, in the perspedive of finding suitable planning todls for micro-
and pico-cdlular environments.

WG3 dedt with both propagation (at microwave and mm-waves) and system
aspeds. The group concentrated on high data rate (>10 Mbit/s) short range
communicaion in the indoa environment, both from a theoreticd (modelling and
simulation) and experimental standpaint, using millimetre wave radio frequencies
(>30 GHz) where there is adequate bandwidth available. Attention has also been
paid to outdoor environments and infrared wavelengths, with particular reference to
High Performance Radio Locd Area Networks (HIPERLAN), considering typicd
classes of applicaion. Attention was also given to the safety aspeds for both
millimetre wave and infrared radiation and to study the performance of possble
system configurations for wireless opticd systems (and relevant constraints).

1.4 Outline of the Contents

According to previous gatements, this bodk covers two main broad aress,
respedively deding with systems for narrowband/wideband communicaions
operating at around 2 GHz, and systems for broadband communications operating at
high microwave and millimetre wave bands. Such division appeasto be & the most
appropriate one, taking into acount the potential solutions envisaged for the future
[12].

1.4.1 Narrowband & Wideband Communications

Mobil e system planning is a very broad processthat is related to technicd aspeds on
one hand and ecnomic aspeds on the other hand. Consequently, there aetwo main
reseach aress. Simulation Tools and System Planning. Simulation Toals allow to
evaluate the performance of a system and to ogtimise the parameters to med the
spedfied service or appli cation requirements; the simulation of a system or of a sub-
system is based on tedniques cagpable to describe both the systems and the
environment, and take into acaount channel models, mobility models, traffic models,
service and application models, etc. As to the second areg System Planning is a
spedfic structured methoddogy to plan entire communicaion systems: rather than
to consider technical details, asit isthe previous case, it deds with economic aspeds



COST 231in the European Telecommunications Environment 21

and overal performance reliability, efficiency, capadty cgoability and accetance
aspeds for spedfied services and applicaions. COST 231 mainly focused on the
first areg with particular reference to the identification of the propagation channel
properties and relevant software and hardware simulation techniques: this is
refleded in the cntents of Chapter 2 (Radio Channel Charaderisation). In fad, to
charaderise amobil e radio channel and establish prediction methods, the first step is
to measure it with sufficient acairacy. Third generation of digital cdlular systems
will have alarger bandwidth than current systems and will be operated in various
environments. Asa mnsequence, the investigation of propagation phenomena needs
channel sounders able to measure the frequency seledive behaviour of the channel
by means of either the impulse resporse or the transfer function in at least the
system bandwidth, and to cope with different constraints acwrding to the
environment, in terms of maximum excess delay, time resolution, etc. Of course,
usual field strength measurements are still needed for path-loss modelling and
planning purposes, but the techniques are rather well known; therefore, wideband
measurements were given a spedal attention. Furthermore, measurements of the
Diredion-of-Arrival (DOA) of multipath components are dso a relatively new
fedure which is important in order to validate prediction methods based on ray
tradng (or, more generally, ray-opticd methods) and to find good plysicd models,
cgpable of describing propagation effeds like diffraction and scattering by buildings
and stred corners. Chapter 2, again, concentrates on all the @ovetopics.

In Chapter 3 (Antennas and Antenna Diversity) COST 231 studies on antennas for
both base stations and patable terminas are included, and dversity techniques
(including combining strategies) are examined, with a discussion of the
improvements achievable using maao- or micro-diversity techniques. A particular
attention is given to low-absorption (and reduced hedth hazads) hand-portable
applications, together with the investigation of antennas configuration, as well; this
would alow to identify the implementation of small-sized equipment and to
optimise the relevant link performance. Finally, the alvantages of using diredive
and adaptive (smart) antennas are aldressed, stressng the significant achievable
improvements, in comparison with antenna systems currently in use, based on either
fixed pattern antennas or single space-diversity switching techniques.

In the field of propagation, prediction methods and related data base management
were investigated, considering outdoar large cdls, outdoar small cdls, outdoar
micro-cdls (short range gplications), in-building pico-cells and outdoar/indoor
propagation (including penetration losses and attenuation phenomena due to internal
walls, floors and celings). Overlaid and threedimensional cdlular coverage
structures were dso examined, including suitable modelling of the wave propagation
and appli cation examples (coverage structure for large and small i ndoar areas, multi-
storey buildings, etc.). Infad, in order to evaluate the performance of a system and
to opimise the relevant parameters by means of a simulation tool, a sound
knowledge is required of the various propagation mechanisms and o the spedfic
approach to be adopted for a given environment. Chapter 4 (Propagation Prediction
Models) addresses sich issues, together with models for coverage of spedal
environments, such as tunnels. this is particularly important for communication
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services with trains. Working with terrestrial cdlular networks (using a @mmon
standard) would provide the railroad operator and passenger with means of
communicaing acoss gate boundaries. Tunrels require a hoc coverage solutions,
but at the frequencies envisaged for UMTS operation the ratio of tunnel cross-
sedion and wavelength encourages natural wave propagation within the tunnel, with
considerable mst savings, by using antenna systems instead of le&ky feaers. In
addition, the velocity of some trains exceals the presently spedfied cgpabiliti es of
cdlular networks; therefore, the dfed of high speal (in combination with the
environmental conditions of rail tracs, cuttings, tunnels, etc.) on the reliability of
digital transmission was subjed of investigation.

In order to identify the most suitable radio access methods for the future Universal
Mobile Telecommunications System, advanced transmission techniques must be
studied. Continuing studies on moduation methods, multiple accss, adaptive
channel equalisation, coding, diversity techniques, etc. have been caried out,
considering the need for adapting the bit rates to service requirements and channel
conditions. Radio Subsystem Aspeds Group started its adivities examining the
performance of 2nd generation systems; a speda attention, as described in Chapter
5 (GSM and DECT Systems), was paid to DECT: one good example has been the
performance asesgnent of DECT in different reference scenarios, in the presence of
significant delay spreads. Also GSM radio-link performance under seledive
frequency propagation conditions was investigated, and improvement by using
either frequency hoppng or antenna diversity was addressed, as well.

Increasingly the emphasis has been on system options and techniques for 3rd
generation standards; a speda attention was devoted to study Advanced Radio
Interface Tedchniques and Performance (Chapter 6). As far as multiple acces
techniques are @ncerned, reseaches were direded towards Advanced TDMA
methods and several Spread Spedrum and CDMA schemes, such as Dired
Sequence (DS) CDMA, Frequency Hopping (FH) CDMA, Hybrid Slow Frequency
Hoppng/Dired Sequence CDMA Systems, CDMA with interference suppresson.
Concurrently, Chapter 6 present COST 231 studies in the field of coding,
modulation and equalisation: a number of equalisers are examined, with particular
referenceto Viterbi Equali sation with Non-Coherent Moduation, Joint Equalisation,
Impulse Resporse Estimation, Block Dedsion Feedback Equalisation. Recently,
there has been much progress in the reseach of fast algorithms applicable for
adaptive euaisers and edo cancdlors. COST 231 work concentrated also
on masgvely parallel structures and VLSI simulation of fast parallel adaptive eto
cancdlors based on FIR filtering. Finaly, Medium Access Control (MAC)
protocols and (dynamic) channel alocaion strategies are discussed, together with
handover capabilities, allowable cdl size maximum nobile speed, roaming
cgpabiliti es, coexistence with other systems dharing the same frequency bands.

Potential Radio InterfaceSubsystems for UMTS are examined in Chapter 7; spedfic
different approaches are discussed in detail (Advanced TDMA, DS-CDMA,
CTDMA and JD-CDMA), and the relevant performance axd spedrum efficiencies
asessed for the andidate solutions. Hybrid systems, in particular, appea to be
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attradive, because they can combine the alvantages of both dired sequence and
frequency hopping systems, while asoiding some of their disadvantages. Moreover,
such systems offer the posshility to increase the system capadty and may also use
shorter spread spedrum code sequences and hoppng patterns, thus reducing the
overal aqyuisition time. On the other hand, a drawbad of hybrid systems is the
increased complexity in their transmitters and recavers: a caeful investigation on
these topics was caried out. Furthermore, since interferencein CDMA could be a
limiting fedure unless optimum power control is guaranteed, if the impad of
imperfed power control has to be reduced adequate CDMA system cgpadty can
only be obtained by applying methods of interference suppresson. Such methods
can be subdivided into interference cancellation (IC) and joint detedion (JD). Both
are examined: the potential of the latter, in particular, seems to be very promising
and is analysed in a sedion of Chapter 7.

1.4.2 Broadband Communications

The communication landscape of the future will be tharaderised on one side by a
heterogeneous st of networks, including B-ISDN, N-ISDN, usual telephone lines,
wireless techniques (including radio in the locd loop), and LAN-standards.
Wireless voice/data transmission in particular has become an important fador in
communicaion techniques and it is used to develop a new generation of Wireless
LANs. as known, the use of the radio transmission technology for LANs will
provide an aternative to the caling of offices and industrial plants. Inthis enario,
HIPERLAN could play a dominant role: WG3 adivities to suppat ETSI Committee
RES-10 in developing a standard for a High PErformance Radio LAN are worth
noting. HIPERLAN, which has been recently assigned spedrum by CEPT/ERC in
the 5 GHz and 17 GHz bands for spedfic use (even if on a non-proteced from and
norrinterference to basis), plans to dstinguish itself from ealier spread spedrum
products by the large bandwidth (with a target of about 20 Mbit/s) and its time-
bounded service caability (aimed at multimedia gplicaions). Furthermore,
HIPERLAN should also be ale to suppat ad hoc networking of highly portable
PCs, (such as laptops, note-bodks, pen-bodks), including full-scale Personal
Intelligent Communicators (PICs) and Personal Digital Assistants (PADs) [13], asa
result of the technologicd merger of mobile telecommunicaions, computer
technology and consumer eledronics. Functionally these personal communicaors
are a ombination of a portable computer and a cdl ular telephone thereby giving the
user the fadlities of data transmission, fax, eledronic mail, paging, voice telephony
as well asthe caability to organise and manipulate information (agenda/scheduler).
In Fig. 1.4 afeasible timeline evolution is reported, as excerpted from [1], in terms
of potential deliverable services (from voice to multimedia), and related
transmission rates.

Accordingly, the majority of HIPERLAN applications are eawisaged to be
extensions of wired LANSs, providing transport of asynchronous data and red time
voice and image streams, granting access fadlities to public networks with efficient
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internetworking, and allowing multiple networks co-existence without the need of
frequency planning and co-ordination.
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Fig. 1.4 - Evolution timeline towards personal communicaions
and multimedia services.

Of course, HIPERLAN will provide mobility (at least for pedestrian or indoar
vehicle spedals), and seaurity (comparable to that of traditional LANS), preventing
eavesdropping and ensuring protedion against unwanted data injedion. Different
environments (office production, storehouse) have different requirements, which
concern security, range, health aspeds, transmission rate, re-using of frequencies,
cost, maintenance, penetration ability, etc. In this resped, the studies on broadband
communicaions caried out in COST Action 231 were direded towards systems
operating in the quasi-mill imetre band, although this does not rule out considerations
of other bands (IR, Infrared) in the light of any future developments, taking also into
acount the similarities between IR and mm-wave systems at the physicd level.
Both system aspeds and propagation studies in the radio-frequency and opticd field
have been dedt with, considering communications within buildings with one cdl per
room, taking advantage of the natural (atmospheric) and man-made shielding effeds,
cdlular coverage of indoa areas (office and industrial buildings) with indoar base
stations, coverage of indoar areas from external base stations, communicaions from
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inside abuilding to a mobile outside, locd-area broadband radio networks and
outdoar millimetre-wave célular coverage. The studies concentrated on material
charaderisation, modulation schemes, non-ided recavers (espedally carier
reovery), to include the dfeds of co-channel interference and evaluate the
applicaion of DS-CDMA and frequency hopping techniques. Transmisson
performance evaluation, using both simulations and field trials, covered severa
aspeds, such as outage probability evaluation, analyticd models for frequency
seledive dhannel, adaptive ejualisation, OFDM systems and CDMA systems, and
dynamic channel alocation. All the éove topics are cnsidered in Chapter 8
(Broadband Communicaions); in the same chapter a variety of medium acaess
control protocols, with a particular attention to the HIPERLAN fedures are
discussed. Analyticd models for multi path fading, shadowing, nea-far-effed in the
mm-wave @mmunicaion systems to evaluate network performance ae then
examined, together with the study of suitable protocols for high data rate and for
voice and data integration.
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