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Abstrad — SUMTS asaumes the role of a new
generation gobal system for mobile communicaions.
The dandardization of its newly introduced
technologies and feaures is on the run. This paper
propases a posshle structure of SUMTS and discusses
steps towards the final architedure. A smooth migration
process is suggested resulting in a system with al
requested new feaures which is compatible ad
involves aimost al, previous generation, terrestrial and
satellite systems. The first step foresees the
interworking of today operable systems achievable by
introducing Interworking Units (IWUs) which conned
regarded systems and provide some of the needed
feaures. The next step involves introduction of new
elements, which should work together with the previous
generation systems. By adding elements, in the further
steps, the new SSUMTS system becomes independent of
the "old" generation systems. However, a complete
usage of the previous gstems will be sustained. The
users will have the possbility to get new services, but
aso to remain in their "old" systems. In both cases a
connedion with every singe part of any of the "old" or
"new" generation networksis posshble.

I INTRODUCTION

SUMTS (Universal Mobhile Telecommunicdions
System with Satellite cmponent) represents a red
Third Generation Globa System for Mobhile
Communications. It will add new feaures and introduce
relevant technologicd innovations evolving from
send generation terrestrial and first generation
satellite mobhile ommunicaion systems.
Standardization process in Europe is led by ETSI
(European Telecommunicdion Standard Institute)
which recantly started to coordinate its work with other
standardization institutions world wide. Different
approaches, mixed with market requests and redity

dictates, led to many changes in concepts and strategies
of SUMTS development. The very first ideas
introduced completely new systems, but negleded the
redity, i.e. the previous investments in sewnd
generation systems and their wide usage. It becane
obvious that during and after implementation of a new
system the exploitation of already operated systems was
a necessty. These fads turned the investigations and
standardizaion process in the diredion of a smocth
migration process In thislight, SUMTS was e as a
system which would be implemented stepwise. In the
first phases, as well as in the end, the usage of today
operable systems would be sustained, while the new
elements, protocols and procedures are gradualy
introduced.

Theideais that at the beginning only few of the wished
new generation feaures will be available. To acieve
this, work must be done to provide interworking
posshiliti es for the second generation terrestrial, as well
as the first generation satellite mobile communication
systems. The term interworking stands for more systems
existing together, interading, providing their services
seanlesdy to al users and on al places covered hy
mentioned systems without the diange in any of the
system parts, protocols or procedures (1). Interworking
will be adieved by using IWUSs, relay systems, which
perform it's relaying function at the Network Layer.
These units will provide alditional functionality to the
systems. They will necessarily adopt protocols and
procedures or provide the paosshility to get additional
data neaded for the mnnedions, but existing in the data
base of other by IWUs conneded, systems.

The following phases foresee a introduction of new
system elements, protocols and procedures. These parts
will have afull compatibility with the previous g/stem
generation. Complete usage of the "old" equipment will
be possble. Nevertheless the new equipment, also on



the user side, will be introduced. By these innovations
further services will be offered. These migration steps
are marked as integration and interworking. Integration
is defined as incorporation of a part or the whole S
UMTS functionality into contemporary and evolving
systems and networks resulting in the caability to
provide SUMTS services (2). The difference
compared with interworking, is that systems are
changed by involving rew parts or protocols. Finaly,
al necessary parts for the complete function of the new
generation systems are integrated with ead other and
with the previous generation systems.

Due to the stepwise strategy the users right to use their
"old" terminals as long as they want has been taken into
acount. On the other hand, it is more reasonable for
investors, which could appation their investments in
more steps and also further use drealy instaled
systems.

This paper presents in the second part the mncept as
well as requirements and expedations on SUMTS. It
follows the description of the proposed steps and
evolution phases for interworking and then, integration
of various siellite and terrestrial networks in the
configuration of SUMTS. The last sedion concludes
the paper.

I. CHARACTERISTICSOF A
THIRD GENERATION MOBILE
SYSTEMS

SUMTS is an ambitious integration task. Basic
innovations and revolutionary techniques are requested.
The fascinating multitude of existing first and second
generation telecommunicaion systems and
heterogeneous computer communicaions networks has
to be evolved towards a universal, global, distributed
system, which appeas to the user as one unigque
omnipresent infrastructure for personaized mobile
multimedia services. Fedures of third generation
systems regard the kind of services offered and the
approach to provide services aaoss network
boundaries. The basic requirement for SUMTS is the
cgpability of supparting multimedia services with data-
rates of up to 2Mbit/s. This implies that SUMTS will
be a broadband system in contrast to most of the
narrowband second generation systems. To asaure a
long technicd lifetime for SUMTS, one related
requirement is that SUMTS must have avery modular
structure. It cen be optimized for new and spedfic
services only by this means. The multimedia services to
be suppated by SUMTS will differ from second
generation services particularly with resped to the

variable bit rate (VBR) used. Hence, padet switching
techniques used in seand generation enhancements like
GPRS, are foreseen with SUMTS to make dficient use
of the resources. A flexible bandwidth allocation
scheme will be necessry. Espedaly within the
network, switching and transport capabiliti es must be
sufficiently available to suppat high data-rates. The
separation of cal control from connedion and beaer
control is a way to add a remove beaers during a
connedion. Thisis aso important to guaranteediff erent
classes of quality of services in the system. Classes of
service ae awother important service related
reguirement for third generation systems.

From the user point of view important fad is that he
will be ale to use the same mobile station exploiting
various access ystems including terrestrial as well as
satellit e based. In third generation systems the user will
be ale to seled a set of services and will find one
terminal that will i ntegrate dl the required functionality.
That implies that user could be served by different
accesnetworks or even obtain a service mix from more
then one provider. SUMTS user will using Hs mobile
terminal be readable everywhere on the globe. This
important feaure is known as global roaming. It should
be stresed that satellite networks plays a non-
replacedle role by providing a global roaming
functionality.

Further, an objedive of SUMTS is to asaure seanless
provision of global services. That means that suppart of
new handover functionality between SUMTS and the
different first and second generation systems dould be
provided. Increased complexity of handovers compared
with GSM is to be expeded due to the suppat of
multimedia services, separation of cdl and connedion
control and introduction of pico-cdlular environment.

.  SUMTSEVOLUTION PHASES

When defining the SUMTS a dea understanding of
the integration and interworking of the existing first and
seoond generation telecommunicaion systems and
computer communicaions networks is an absolute
priority. Among all these networks, mobile satellite
systems hold a spedal position, primary becaise some
of the requests of the SUMTS are not posshble without
them (e.g. global availability) and secondly since they
are viewed as a cmplementary component to the
terrestrial mobil e systems.

The development of the red SUMTS is foreseen
through several phases which are necessary because of
the nedl to overtake, as much as possble, the legacy of



the today operable systems, espedally the very much
used GSM-like systems.

I nterwor king phases

In the first phase of the SUMTS, the usage of the
extended reference model similar as the one developed
in the INSURED projed (Fig. 1) is proposed (4). This
model presents interworking of the second generation
terrestrial GSM systems and the first generation mobile
satellit e systems. The GSM and satellit e systems remain
completely unchanged and the interworking is made
possble by the usage of the following IWUs:

. on the network side: IWU1l between GSM
Gateway-MSCs (G-MSC) and Satellite-
Gateways (S-Gat) for switched connedionsi.e.
IWU2 between GPRS SNs-Gateway (GGSN)
and the Satellit e-Gateways (S-GP) for padket
transmisson.

. on the accss $de: IWU3 as a part of the Dual
Mode Terminal (DMT)

GSM BSS

e o

Vehicle

Figure 1: Interworking of the terrestrial system Il
generation and the satellit e system | generation

These IWUs dhould provide: roaming in both systems,
handovers between the systems, SUMTS services
multi plicity (of IC cards, USIMs, user profiles ...), user
profile negotiation etc. From the side of the treded
networks IWUs are seen as norma elements of this
systemi.e. G-MSCs and GGSN. All elements conneded
with IWUs exchange with them only the usual protocol
messges. That implies that IWUs integrates all feaures
foreseen for G-MSCsi.e. GGSNs, as well as S-Gatsi.e.
S-GPs. This and some other functionality implemented
only in IWUs make them able to provide before
mentioned additional feaures. A possble redization of
IWUs and their protocols and procedures has been

succesgully implemented and verified by trials in the
ACTS projed INSURED (5).

All following steps ded with the introduction of the
new SSUMTS elements. In the next two interworking
phases, only the mnnedion of UMTS Radio Access
Network (URAN) and SSUMTS Core Network (CN),
with previous generation systems has been considered.
Their inside structure wasn't spedfied. Such approach
has been chosen because in the mentioned phases the
complete freedom is given in building of URAN and S
UMTS CN since SSUMTS network is totaly
independent. Limitations are only due to the UMTS
requested charaderistics, but not to the previous
generation systems. The inside structure of the SUMTS
system blocks has been taken into acaunt in integration
phases. The idea was to introduce new elements not
only to fulfil the UMTS requests, but also to start a
stepwise replacament of the previous generation
elements.

In the second phase URAN will be introduced. URAN
will provide red UMTS access but no UMTS core
network will be avalable (Fig. 2). The &ility to
provide multimedia feaures including different logica
beaer for different media components, dynamic beaer
release and re-negotiation etc., is limited due to the faa
that URAN uses GSM i.e. satellite wre networks.

GSM | GSM CORE
/ RSS | NETWORK
SUMTS
Mobile | Z— URAN IWUs
Terminal

\ Space —=___,| SAT CORE

Vehide —=___,| NETWORK

Figure 2. Introduction of the URAN

Nevertheless further investigations of the problem of
e.g. multiple beaers provision resulted in the idea to
provide single beaer multimedia where different
multimedia components are multiplexed to one beaer
instead of providing a multiple beaers for different
multimedia cmponents. This is adievable dso by
using GSM and first generation satellite @re networks.
Such scenario could be & least used for initia
deployment of URAN when only coverage of isolated
isands (e.g. city centers, industria plants, business
aress, etc.) could be provided. URAN is conneded with
core networks via IWUs. These IWUs dould adopt the
A and Gb interfaces (BSSto the MSCs i.e. SGSNS) to



the URAN lu interface Also the IWUs from the first
phase should be kept.

The step to the third phase would be the introduction of
the SUMTS core network (CN). It, together with
URAN, should provide anumber of beaers that differ
in flexibility and offer various capabilities. These
beaers dould be independent of the radio interface
technology, radio environments and fixed wire
transmisson systems (note that al I1WUs which are
introduced in the previous phases must be used because
al networks are still i ndependent). In the Figure 3 the
connedions of the SUMTS CN with other systems
derived from the previous deps have been presented in
the GSM example.

S
IP networks
X.25

URAN

Figure 3: Connedions of the SUMTSCN

I ntegration phases

Since the discussed matter so far is concerned more
with the interworking (even interworking of the S
UMTS with previous generation systems) than with the
integration, the first red integration step is propaosed in
the phase 4 when the SUMTS MSC bemmes a part of
the SUMTS CN (Fig. 4). This senario assumes that
ATM will play an important role what could be
expeded becaise of it's benefits like variable
bandwidth, suppat for different QoS requirements,
statisticd multiplexing etc. The most advanced acces
systems, as URAN and semnd generation mobile
satellite systems, should be mnreded via lu interface
diredly to the ATM-switch, which is the part of the S
UMTS MSC. Other fedures, requested for SUMTS
systems, will be dso provided using the modules of the
SUMTS MSC that perform separated beaer control
from sesson and cdl control, sophisticaded QoS
management, UMTS mobility management integrating
voice ad packet mobhility, suppat for secnd
generation base stations etc. The latest functionality
enables the start of updating the previous generation
networks and pertial and sequential replacement of their
elements. Seaond generation terrestrial systems base
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Figure 4: Introduction of the SUMTSMSC

stations, as GPRS and GSM BSCs, could be mnneded
to the SUMTS MSC viausual Gbi.e. A interfaces. The
necessary functions for this case will be integrated in
the cmmon modules of the SUMTS MSC. This means
that eg. GSM and GPRS mobility management
modules will only be apart of the UMTS MM module.
Connedion with the first generation mobile satellite
systems as well as seoond generation terrestrial systems,
which structure remains the same, will be provided over
IWUs, which could even be a part of the SUMTS
MSC. The implementation of mentioned IWUs for
mobile satellite systems dould follow only in a very
limited number of SUMTS MSCs acarding to the
known nedls of satellit e systems. Note that the modular
structure of SUMTS MSC enables that its complicity
could be determined acmrding to its user needs and
investments.

In the last phase, al of the "new generation" elements
would be integrated in one ATM area (Fig. 5). The
overall communication in this areais based on ATM:
between wsers and SSUMTS base stations (RNC), base
stations and gateways, SVs and S-gateways, etc. The
DMT will till be necessary for unlimited accessto bah
satellite and terrestrial networks. The ATM switching
will be provided by SV on board or alternatively in the
S-Gateways. The ontrol and switching will be
separated as ETS| foresees. All data bases will be
unified, meaning that ATM switches in every network
would be ale to route the ATM cdlsto all the parts of
the ommon retwork. For example, by handover (HO)



from terrestrial to satellit e system the user would simply
express a wish to HO and his RNC will i mmediately
contad the gpropriate satellite part. First and second
generation networks will be conneded to the ATM area
via Gateways and by using Permanent Virtua Circuits
(PVC) or Switched Virtual Circuits (SVC). PVCs are
used as smple replacement of the fadliti es provided by
conventional trunks and SVCs could be used if the
ATM network is configured to suppat dynamic
switching.

ATM area

SGSN

ATM+IP

PVCs or SVCs

Figure 5: Introduction of the ATM areain the late phase
of the SUMTS

IV. CONCLUSIONS

This paper proposes a smooth way towards the future S-
UMTS. Four distinct evolution steps which should
provide a natural crosover from today operable
networks to SSUMTS are determined. Each step
introduces me more of the requested SSUMTS
feaures. The ealy phases provide only the interworking
between various “old” generation terrestrial and mobile
satellite systems. It is to be adieved by using IWUs
which conned various networks without changing
anything inside them. In the foll owing phases then, new
elements with SUMTS functionality are introduced.
The first one is propcsed to be URAN where the
involved elements would have only SUMTS
charaderistics. Since URAN must use GSM or satellite
CNs (because of lacing of the SUMTS CN), there will
be adamage of the system performances. In the next
step thisis correded by introducing SUMTS CN.

Integration phases introduced elements able to provide
SUMTS services, but also to operate with previous

generation nretworks. SUMTS MSC is the most
important element and his important innovation is the
usage of the ATM switching. It was asaumed that the
last phases will be strongly based on ATM techniques.
This led to the cmmmon ATM areawhich integrates all
of the new elements but provides further passhility to
interwork  with urchanged previous generation
networks.

It should be stressed that all phases considered also the
satellite systems becaise of their important and non-
subgtitution role espedally for global coverage which is
one of the most valuable SUMTS idess.
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