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ABSTRACT

The current challenge in radio networks is to
provide integrated broadband services to every-
body. The realization of this goal is dependent
on both the development of products for the
mass market and the improvement of the sys-
tems that support these products. New cellular
mobile, fixed terrestrial, and satellite systems are
being developed to provide broadband integrat-
ed services. The users of these new systems will
not need, or even want, to know which particular
systems are used to access the requested ser-
vices. The users may negotiate terms of delivery,
such as data rate and quality of service, but the
actual system of delivery should be transparent.
In order to both achieve transparent service
delivery and ensure efficient use of the radio fre-
quency spectrum, a flexible and scaleable
resource management system is nceded. This
article highlights the development trends that
will form the basis of future network systems
and presents some suggestions for the manage-
ment and control of these systems.

INTRODUCTION

The rapid evolution of the global information
society is being fostered by the increasing demand
for seamless, integrated broadband services. Cus-
tomers are becoming more demanding in terms
of service availability and network performance.
In the past, system and network solutions tended
to be developed in a closed and independent
manner, providing specialized architectures with
limited flexibility. However, due to rapid evolu-

tion therc is now an increasing need for integra-
tion and convergence of network functions. The
success of any new system depends on the provi-
sion of a low-cost and flexible solution for cop-
ing with incrcasing demands. The challenge is to
provide a large set of options in terms of ser-
vices, terminals, and network access that is able
to cope with different requirements, and provide
for flexibility, modularity, and scalability.

Radio systems provide a good platform for
meeting this challenge. Radio solutions offer an
excellent means of creating scalable systems that
are user-friendly, can be tailored both economi-
cally and technically to varying-sized communi-
ties, and can provide a diverse set of broadband
services. A prominent trend in multimedia sys-
tems is the convergence of broadcasting, telecom-
munications, and content. To be economically
viable, a platform must offer affordable broad-
band scrvices tailored to people’s actual service
requirements and be flexible enough to cope with
dynamically changing capacity requirements.

As shown in Fig. 1, a new system called broad-
band radio will provide the large capacity achieved
by local multipoint distribution systems (LMDS),
broadband satellite multimedia (BSM), or mobile
broadband systems (MBS). It also offers high
mobility, as provided by the Global System for
Mobile Communications (GSM) and Universal
Mobile Telecommunications System (UMTS).

This article presents development trends for
mobile, fixed terrestrial, and satellite access and
key elements of a multimode future broadband
access solutions. Tt also considers the resource
management issues associated with flexible pro-
visioning of future broadband network systems.
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DEVELOPMENT TRENDS FOR
MOBILE, FIXED TERRESTRIAL, AND
SATELUITE ACCESS

MOBILE SYSTEMS

The early days of research into UMTS took
place parallel to the commercial development
and deployment of GSM. A widely accepted
assumption at the time was that the core nct-
work of UMTS would be based on broadband
integrated services digital network (B-ISDN),
asynchronous transfer mode (ATM), and intelli-
gent network (IN) techniques. B-ISDN was
regarded as a key technology in the wide area
network, and UMTS was seen as having the
capability to achieve fixed-mobile convergence.

During this period, the Internet was still con-
fined to a small community of scientists and
engineers in universities and research institu-
tions. Since then the World Wide Web has gen-
crated a new mass market for an increasing
number of information services. Making these
services available for everyone, anywhere, and at
any time, including pcople on the move, is now
regarded as a major driver for UMTS. The con-
vergence of mobile cellular technology and the
Internet world is already happening. For exam-
ple, General Packet Radio Service (GPRS) has
extended the mobile world toward IP (i.e., the
Internet) in two major ways:

* It has given [P connectivity to the mobile
station, and has introduced IP technology
in the mobile core network.

* It has forced mobile operators to play the
role of Internet service provider and thus
changed their traditional business model.
Moving to UMTS release 99, the key decision

for the provision of IP connectivity was to attach

the newly designed UMTS Terrestrial Radio

Access Network (UTRAN) directly to the GSM

infrastructure. As a result, the core nclwork in

UMTS release 99 is composed of two separate

domains: a circuit service domain based on

mobile switching centers, and a packet service
domain built on gateway support nodes.

Further releases of UMTS driven by strong
focus groups, such as 3G.IP and European
Rescarch projects, utilize IP as the integrating fac-
tor. This integration is achicved by providing dif-
ferent IP-based services in the user terminal and
extending the core network features with Internet
Engineering Task Force (IETF) protocols. The
LETF protocols provide basic voice and data con-
nectivity as well as advanced multimedia services.
This solution is under specification by the Third
Genceration Partnership Project (3GPP) [1].

The solution adopted by UMTS for integra-
tion with the Internet gives IP connectivity to
the mobile station and introduces IP technology
inside the mobile systems. However, this solution
does not provide complete integration. The ref-
erence architecture depicted in Fig. 2 illustrates
a solution that achieves a deeper level of inte-
gration between mobile systems and [P [2].

The basic approach adopted is to rcusc state-
of-the-art UTRAN and attach it directly to an
enhanced Mobile IP backbone through a stan-
dard interface. The GPRS nodes are no longer
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M Figure 2. A mobile system and IP integration reference architecture.

present, but specialized border routers are
required. This approach is possible because of the
full separation achieved in UMTS between the
signaling devoted to the UTRAN (access stratum
signaling), which remains unchanged, and the sig-
naling between the terminal and the backbone
(non-access stratum signaling), which may be
heavily modified in an ad hoc manner [3, 4].

The major advantages of using this architec-
ture relate to scssion, mobility, and authentica-
tion. For example, authentication becomes a
network service using UMTS SIM, and the user
is no longer forced to perform double authenti-
cation at the UMTS and application levels. The
same concepts apply to the mobility fcatures.
These advantages are not duplicated at the IP
and UMTS levels, because the two levels are
fully intcgrated into the UMTS wireless Internet.
Additional integration is also obtained with
other IP networks, such as fixed LLANs and wire-
less LANs (W-LANGs).

In order to achieve full integration between
the Internct and mobile/wireless communica-
tions, this architecture requires the partial modi-
fication of certain characteristics ol IP protocols
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1 By using a commonly
proposed quadratic rect-
angular base station loca-
tion pattern it is easily
seen that the minimum
Cilis 20*log(5)=14 dB.

2 A spectrum efficiency of
1.5 bit/s/Hz (e.g., with
QPSK moduiation) was
used for 50 percent of the
users and 3 bit{s/Hz for
the rest. It was assumed
that antennas with good
cross-polar discrimination
can be used allowing
dual-polarization frequen-
¢y deployment.

in order to adapt them to the requirements of
mobile/wircless systems. This will require influ-
encing the development of the IP protocol suite
for mobile system use.

TERRESTRIAL
FiIXeED WIRELESS ACCESS

Broadband terrestrial fixed wireless access (FWA)
solutions developed so far cssentially consist of
LMDS and some radio-link-based point-to-multi-
point (P-MP) systems (at frequencies above 20
GHz). Such systems arc typically designed with
cell sizes on the order of 1-5 km in diameter,
depending on the number of users in the area
and propagation conditions (e.g., rainfall and
topographic, building, or vegetation obstruction).
LMDS was originally introduced in the Unit-
ed States, where it was launched as a TV distri-
bution system. However, it has also gained a
prominent position in the rest of the world [3]
mainly as a system for converged broadcasting,
content, and telecommunications. While the sys-
tem was designed to operate at 28 GHz, there
are several other bands in which LMDS-likc sys-
tems can operate. In Europe there is a particular
focus on 40.5-43.5 GHz, but other bands at 24,
26, and 32 GHz have also been made availablc,
LMDS and P-MP are part of the high-density
fixed service, to which the World Radio Confer-
ence (WRC 2000) allocated about 10 GHz in
bandwidth above 30 GHz [6]. This allocation
and those between 20 and 30 GHz represent
very high transport capacity potential when used
in a cellular architecture with efficient frequency
reuse. A four-block frequency plan can be used
for such a system since the users have narrow
beam antennas. Assuming a regular base station

location pattern, which represents the worst-case
scenario, the plan results in a carrier-to-interfer-
ence (C/I) ratio of 14 dB or more,! depending
on user location relative to the base stations. In
fact, half of the potential users have a C/I of
about 28 dB or better [7]. As illustrated in Fig.
3, it is possible to provide very high individual
capacity to a large number of users simultane-
ously.2 Three curves have been given for various
options of broadcasting spectrum, which of
course is also available for everybody.

While the large amount of bandwidth madc
available for broadband services provides great
possibilities, development of systems suitable for
the mass market has been somewhat delayed. The
primary delaying tactor is the lack of internation-
ally agreed standards. This is probably a result of
the decision to first provide the small and medi-
um-sized business market with a broadband net-
work, and then the mass market. Thus, equipment
has evolved from traditional radio link technolo-
gy. However, there is an alternative approach
based on interactive broadcasting technology tar-
geted for the mass market. This solution is cur-
rently limited by its low return link capacity.

Development in this area is moving toward a
system that combines the idea of broadcast ser-
vices for P-MP systems and higher return link
capacity for broadcast-based systems. Since
many scrvices are asymmetric, the ability to
make efticient use of the frequency resources is
crucial and has resulted in renewed interest in
time-division duplex (TDD) systems. From a
user’s point of view a radio system can then be
operated dynamically asymmetrical, depending
on user demand and type of service.

At frequencics below 20 GHz the interest is
the lower range where line-of-sight paths are not
necessary. At low frequencies (below a few giga-
hertz), the bandwidths are clearly much more lim-
ited, but utilizing the right technology these bands
may provide broadband services to many uscrs
(e.g., multiple-input-multiple-output, MIMO,
techniques utilizing multipath propagation).

SATELLITE SYSTEMS

Satellites remain a good option for cost-effective
broadband services. They ensure the ability to
redeploy capacity, provide communications
infrastructure, and provide overall flexibility and
reliability. Presently the development focus is on
broadband access represented by the work on
the return channel (digital video broadcast
return channel via satellite, DVB-RCS) and the
search for a satellite UMTS (S-UMTS) solution
for mobile applications.

Satellites are increasingly used to provide
high-specd Internet service in P-MP configura-
tions. In Europe, there has been great interest in
providing services over DVB carriers. DVB is not
merely a standard for digital broadcasting, but
detines information containers which allow the
scamless transport of IP packets and support any
type of service. Satellite systems compliant with
the DVB via satcllite (DVB-S) standard have
been developed to include encapsulation tech-
niques that allow MPEG-2 data packets to carry
UDP/TCP/IP traffic, and work together with a
dialup return channel. A further step has been
the development of the DVB-RCS standard. This
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standard will ¢cnable users to have a two-way
broadband satellite data communications channel
to their own premises via low-cost Ku/Ka-band
terminals. Currently specds up to 50 Mb/s on the
forward channcl and 2 Mb/s on the return chan-
nel are envisaged. In the future, the speed of the
rclurn channel is expected to increasc to 8-10
Mb/s. From a technological standpoint, the
advances in satellite onboard processing technolo-
gies will certainly provide further opportunity for
the evolution of the dircet return channel.

Satellite systems provide wider coverage than
traditional terrestrial, allowing coverage in less
accessible areas. Any migration path for cellular
systems from second to third generation should
take into account the supporting role provided
by satellite. In order to accomplish this, the key
issues for satellite support must be identified
and standardized. The objective is to integrate
the terrestrial and satellite segments while guar-
anteeing integration with the second-gencration
terrestrial cellular system (i.e., GSM/GPRS). A
reference scenario is shown in Fig. 4.

In this scenario the satellite network can be
considered an intcgrated extension of the access
network. This solution provides scamless transi-
tion of the user among different segments (inter-
segment roaming).

A universal user access interface for BSM ser-
vices open to different system implementations is
important. The motivation for this type of interface
is to open up and expand the market for satellite
uscr terminals by harmonizing common satellitc
access network functions while allowing flexibility
for optimized or proprietary air interfaces to satel-
litc systems. The BSM system concept being devel-
oped supports a range of multimedia applications
with varying data rate requircments (up to 150
Mb/s). The objective is to allow access to different
core network types in order to offer broadband
terrestrial wireless or wired access services. The
separation ol highcr-layer radio-technology-inde-
pendent (RT1) access network functions, which
“hides” the lower-layer radio-technology-depen-
dent (RTD) functions [4] from the user and the
core network, is a key strategy for thc BSM. The
common RTI layers in the user and hub stations
arc devoted to [P transport across the system, and
connection to alternative customer premiscs and
core networks. The RTT layers should be transpar-
ent to a full range of [P-based multimedia services.
Different RTD layers are intended for different
satellite systems (c.g., low earth orbit and geosta-
tionary earth orbit constellations) and different
radio access schemes, such as time-division multi-
ple access (TDMA), frequency-division MA
(FDMA), and code-division MA (CDMA), within
the access network and will each support an cxlen-
sive but different subset of the services of the RTI
laycr, suited o particular markets.

KEY ELEMENTS OF A
FUTURE MULTIMODE
BROADBAND ACCESS SYSTEM
A future broadband radio access system will

consist of scveral interconnected/integrated
subsystems, and will seamlessly provide ser-

B Figure 4. The satellite and terrestrial integraiion reference sc

vices to both fixed and mobile users. Such a
system may include FWA, MBS, and BSM.
These components will serve much the same
market, but may wcll be bascd on different
architectures, broadband access technologics,
and coverage.

Broadband radio acccss networks have tradi-
tionally developed in different directions for the
different arcas they have addressed. They have
been associated with standards for existing nct-
works like interactive cable or interactive satcl-
lite networks. User flexibility and interoperability
between networks will require harmonization of
operation, service provision, and nctwork man-
agement. The user should be allowed to move
between the differcnt scgments. Common man-
agement for services, network resources, and
customers, covering both fixed and mobile seg-
ments, has started to become a nccessity. [t
requires a strong focus on network integration in
the ongoing development process. The following
discussion describes development work in the
field of radio access, contributing to harmonized
development of multimode broadband access for
everyone.

It is now commonly accepted that the provi-
sion of services like interactive TV, Internct,
tele-education, and advanced home office ser-
vices is necessary for development and growth.
The development of a low-cost millimeter broad-
band radio access system for fixed and nomadic
users will help ensure that as many pcople as
possible have access to these services. Broad-
band radio systems would be able to achieve
higher penetration than twisted pairs or cable
systems. The market will range from residential
to small and medium-sized businesses, including
organizations, schools, and local authorities.
With a broadband system, cntertainment and
business services will be provided on the same
platform. The high return capacity available will
allow new business to develop, making use ol the
new technology in delivery of the services. The
traditional market segments, such as residential
and business, no longer adequately describe the
new combincd market. Some typical services and
corresponding uplink/downlink data rates are
illustrated in Fig. 5.

/" GPRS.
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Capacity from User (Mbls)

Services accommodated
with broadband radio access

Capacity to user (Mby/s)

W Figure 5. Capacity to and from the user for various services.

ARCHITECTURE

To obtain a low-cost system for such a4 mass
market it is necessary to focus on the develop-
ment of architectures with efficient allocation of
radio resources and high coverage. Also, flexible
provision of services is required and relies exclu-
sively on seamless integration of the components
of the system.

One implemented architecture uses a system
that combines broadcast technology and high-
spced communication technologies to achieve an
interactive system that can casily scale with an
increasing number of users. The interactive
broadcasting system with point-to-area distribu-
tion and a point-to-point (P-P) return channel
(c.g., LMDS), offers an efficient method for
combined provision of vidco and audio over the
Internet, as well as telephony. It demonstrates
convergence of services on widely available plat-
forms. For the incumbent operator, LMDS com-
plements existing systems such as very high rate
digital subscriber line (VDSL) and interactive
cable systems. For new operators it represents
the potential to obtain a dominant role in broad-
band acccss.

An MBS architecture can be specific to each
of the segments, while being a set of radio access
technologies equivalent to UTRAN that share a
common all-IP core network [8]. Due to the high
number of cells necessary to cover a larger area,
base stations will have to be installed on buildings
and lampposts using an efficient network topolo-
gy. This may require remote installation of the
radio functions with direct transmission of the RF
signals over fiber to reduce network costs.

BSM addrcesscs satcllite systems that are
intended for high-quality interactive (two-way)
multimedia communications. The connections
can be asymmetric, and both transmission paths
need not follow the same path or provide the

same capacity. Transmission rates are expected
to range {rom hundreds to thousands of kilobits
per second.

BROADBAND ACCESS TECHNOLOGIES

For the high RF end, the DVB-RCS standard
from the satellite area with a multiple-frequency
TDMA uplink solution also provides an attractive
option for terrestrial access. The flexibility and
scalability ensure that the radio resources, time
slots, and frequency bands arc cfficiently uscd.
Howeyver, the terrestrial solution can be simplified,
particularly with respect to synchronization and
handling of guard times. The first systems devel-
oped are frequency-division duplex (FDD)-based
with limitations on efficient capacity use, imposed
when demand is strongly varying and asymmetric
in nature. TDD may well provide a better solution
for future systems. This is particularly important
with respect to the total capacity for the downlink
compared to the uplink. Present work is con-
cerned with both the TDD vs. FDD issue and the
problems introduced by interfercnce. The MBS
radio interface should be effectively designed to
support symmetric and asymmetric services with
dynamic allocation of radio resources. It may
operate in FDD or TDD mode and be based on
TDMA or orthogonal frequency-division multiplex
(OFDM). TDMA requires a fast adaptive equaliz-
er, while OFDM requires large processing power
for fast Fourier transform (FFT) calculations and
lincar power amplification. The ACTS projcct
SAMBA [9] demonstrated that single-carrier mod-

. ulation using an equalizer was feasible at transmis-

sion ratcs up to 34 Mby/s.

Communication with the user is IP-based. This
covers all communication and control traffic. It
also covers the case of multicast. As mentioned in
the previous section, the MPEG transport stream
is also used to carry IP traffic. Innovative solu-
tions for IP traffic that exploit the concept of
route diversity are being developed.

Broadband satellite access networks will com-
plement wired and wireless access systems.
These will deliver telecommunications services
into and within residences and businesses. They
are particularly suited to arcas of low population
density or with a poor terrestrial infrastructurc.

Work is in progress on interactive DVB and
ATM-based communications via satellitc, but a
complete and universal standard for satellite sys-
tems is not yct available. Satcllite standards
would benefit from being global and could
increase the use of BSM communications by
exploiting the interoperability with terrestrial
systems.

COVERAGE

A mass market solution requires that cvery
house and person can be served. High-capacity
coverage will be attained using densc ccllular
patterns along with innovative frequency alloca-
tion schemes. A coverage optimization tool for
frequencies above 20 GHz is being developed [7]
to help planners with detailed design at minimal
cost. The tool takes into consideration the fre-
quency plans, terrain and demographic data,
propagation information, and cost of key hard-
warc clements. The propagation study at 40
GHz in the ACTS project CRABS [10] provides
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a large number of results on the effects of pre-
cipitation and vegctation.

MBS arc seen as providing complementary
capacity/coverage to UMTS in indoor and outdoor
environments. They range from customer premis-
es nctworks (e.g., WLANS) to public networks,
possibly including a satellite segment. Using
microwave and millimeterwave frequency bands
implics a higher attenuation of the radio signals,
leading to smallcr cclls ranging from a few meters
to 1000 m for the terrestrial scgment. At certain
frequencies oxygen and water vapor absorption
may also play a major role. Hot spots may be cov-
cred by MBS, but continuous and national cover-
age may not be provided. This imposes the need
for mobile terminals to provide handover between
different bands and technologies.

BSM systems will be able to provide broad-
band access to the Internet to addrcss a mass
market and cover large regions. Most such sys-
tems arc expected to use Ku and Ka-bands with
fixed terminals (FSS). Most filings focas on Ka-
band at 20/30 GHz, but in gencral low-rate return
channels at frequencies below Ku-band should
not be excluded. There are also filings at V-band.

FLEXIBLE RESOURCE MANAGEMENT

In multimodc broadband access for integrated
services a common resource management
approach is essential. The geographical distribu-
tion and scalability requirements of rcsource
management in heterogeneous networks lead
naturally to considering architecturcs with dis-
tributed autonomous components. A possible
solution for flexible and scalable resourcc man-
agement is found in the use of intelligent agents.
Intelligent agents have been used in many
domains, from workflow managecment to buying
and selling on the Internet. The advantages
agent technology can bring to the telccommuni-
cations domain are well documented [11], pri-
marily in the fixed network domain. Factors such
as autonomy, distribution of knowledgc, and
social interaction are all useful products of using
agent technology; thus, work is now being done
to extend these advantages to mobile networks.

A defining characteristic of mobile networks
is that the point of attachment to the network
changes. Therefore, hot spots can appear in
areas where the network was not dimensioned to
supply such a capacity, but overdimensioning is
certainly not acceptable. The expected provision
of flexible higher-bandwidth services in the
mobile environment leads to increased complexi-
ty in resource control and resource manage-
ment? because of the variable and unpredictable
bandwidth requirements of applications. Such
complexity requires the use of sophisticated con-
trol and management techniques.

Heterogeneity has another dimension induced
by the different behaviors of the competing ser-
vice providers (SPs) and network providers
(NPs) and their individual business models. The
deregulation of telecommunications scctors
throughout the world means users are likely to
buy services from various SPs, who in turn buy
capacity from various NPs. Examplcs of this
trend can be scen today in fixed telephony ser-
vice, where, for example, customers can select a
different SP on a call-by-call basis. Management
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W Figure 6. A4 three-plane architectural model for agent resource management.

of resources is inextricably linked to the business
strategics of these providers. Any service and
resource management system has to be flexible
enough to accommodate possible future business
models as well as the specific details of manag-
ing radio spectrum.

To further explore the usc of intclligent
agents in resource management, the following
section will provide a skeletal outline of an agent
architecture suitable for use in heterogeneous
networks.

A FUTURE ARCHITECTURE FOR
RESOURCE MANAGEMENT

This architecture is based on a looscly coupled
community of agents distributed through the
domains of a UMTS network. Although the
approach described has been developed for the
management of UMTS resources, the same typc
of agent-oriented solution can support scalable
heterogencous resource management for a vari-
ety of different network technologics. The agents
compete or collaborate with each other in the
pursuit of their own goals. Agents are deployed
as representatives of their owners, and are thus
assigned specific roles that aim to achieve best
valuc for a particular type of owner. The individ-
ual agent framework used combines control and
management functions within the agent by hav-
ing a reactive part (to ensure a fast response), 4
deliberative part (for optimization of allocation
among cells), and a cooperative part for coordi-
nation between agents. A key requirement of
such an agent system is real-time response. This
can be managed by giving a/l the agents involved
in call setup and resource management fast reac-
tive layers that communicate with each other.
The procedures used in the reactive layers are
generated as a result of policy decisions in high-
er deliberative layers of the agent.

The community of agents introduced above
resides at different’levels in the three-plane
architectural model introduccd in Fig. 6:

)

to events, whereas

mechanism.

3 Resource control is seen
as a short-term response

resource management is
seen as a longer-term

IEEE Communications Magazine * August 2001

61



The example
architecture uses
distributed
co-operating
agents owned by
a NP to manage
the distributed
resources of that
NP and
negotiation
components to
manage the
interaction
between

competitors.

7 Offline is used to indi-
cate that these negotia-
tions may not occur
between the agent entilies,
but rather between busi-
ness entities.

5 A simple calculation
shows that if there are
four SPs, each reserving
the sume capacity from an
NP, the maximum capaci-
ty anyone could have in a
2 Mbis picocell is 0.5
Mb/s; this fixed reserva-
tion is clearly unsatisfac-
tory and dynamic
allocation is needed.

O hitp:/iwww.cselt.it/
brahms

7 http: [pwww.relenor.no/
embrace

8 hap:jwww.ist-shuffle.org

9 higp:/fwww.ebanet.it/
virtuous.htm

0 hup:lidomobili.cselt.it/
WineGlass

* The facilities plane incorporates the entities
that ensure securc intcractions in the nego-
tiation plane. Facilitics arc provided to
allow the agents in the negotiation plane to
participate in indircct trading relationships
as well as provide infrastructure services.

* The negotiation plane is where all interac-
tion between the customers, SPs, and NPs
takes place. This layer offcrs an interface
[or the agents to communicate with each
other as well as with the scrvices offered by
adjacent layers. I[ssues such as busincss
models and scrvice level agreements (SLAs)
feature in this plane.

e The resource plane is where the NP manages
its resources both across and within individ-
ual radio cells. This layer lodges all low-
level network services, including handover
and ccll selection management, cell size
management, and offloads to other net-
works.

The majority of agents in such a system will
reside within the negotiation and resource
planes. Separate business interactions to establish
agreements on capacity betwcen SPs and NPs
occur offline. In mobile networks, it is impor-
tant to stress that, because of the scarcity of the
radio resource (unlike the fixed resource in, e.g.,
IMPACT [12]), it is unlikely that SPs will rescrve
capacity from NPs.5 Rather, SPs may lease a
right to access capacity, governed by some form
of SLA using probabilistic performance as the
measurc of conformance.

Negotiation in a flexible resource management
system is one of the key issues in establishing 3G
services. An agent negotiates in order to either
receive services or sell services. There arc several
factors that affect the decision making process
during the ncgotiation of services. One such fac-
tor is the reputation of other entities with a par-
ticular agent. For example, an agent may keep
records of how well previous transactions were
dealt with and adjust the reputation rating of that
cntity accordingly. Another factor affecting nego-
tiation is the business model of each business
entity. The business model affects high-level
issues such as when negotiation occurs and which
budgcet negotiations are allowed. These can be
formalized to provide agents with policies that
provide guidelines on how to conduct their nego-
tiation. Each agent will need mechanisms through
which they will be able to dynamically change
their negotiation policy (algorithms they usc in
order to maximize their benefit) in order to cope
with a shifting market cnvironment.

The resource plane is the province of the NP,
and it is herc that the NP manages the network
at a detailed level. If there is no congestion, the
network operates as provisioned. However, if
load is building up or congestion has started to
appear, the network operator’s resource agent
can take context-dependent actions [13].

Resource management is becoming increas-
ingly important as networks become more strate-
gically and physically complex, and applications
become more demanding in terms of bandwidth.
The example architecturc uscs distributed coop-
erating agents owned by an NP 1o manage the
distributed resources ol that NP and negotiation
componcnts to manage the interaction between

competitors. This architecture is scalable and
can be engineered to mect the fast real-time
responsc needed at call request.

CONCLUSIONS

An overview of the trends in integrated broad-
band system development has becn provided.
Approaches that are currently the focus of five
European cooperative research projects from the
arcas of ccllular mobile, terrestrial, and satellite
systems have been highlighted.

The new broadband radio access systems
under development struggle with many of the
same fundamental problems, such as efficient
resource use and management, quality of service
issucs, scalability and operational flexibility, and
reliable TP networking. A strong focus on simi-
larities and interoperability issues is important
for a successful system.

Additionally, flexible and efficient resource
management is identified as crucial to the suc-
cess of a solution where resources, such as radio
frequency, are limited. A real-time architccturc
involving cooperative and competitive agents has
been outlined. Although the approach described
was developed for the management of UMTS
resources, the same type of agent-oriented solu-
tion can support scalablc heterogencous resource
management for a variety of different network
technologies.
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