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VERY LARGE PROJECTS

ABSTRACT
This article briefly describes the EU-

funded Daidalos project, which designs
and develops a communications infras-
tructure for next-generation networks
to enable personalized, context-aware,
composite services to mobile users. The
fundamental concepts rely on federa-
tion of operators who create a pervasive
environment for service provisioning,
on integrated mobility, security, virtual
identity for users, and resource man-
agement. The project validates concepts
by means of specification, implementa-
tion, and integration in a large research
testbed.

THE PERSONAL SIDE
The 6th Framework Programme for

Research and Technological Develop-
ment founded by the European Com-
mission has set as its strategic objective
“Mobile and Wireless Systems Beyond
3G” [1]. Within that program the Daida-
los Integrated Project [2] is designing a
next-generation all-IP based system in
which users are always connected using
heterogeneous access technologies [3,
4]. The project consortium, a set of 37
partners representing telecom opera-
tors, industry, and academia, aims to
find a prospective path toward deploy-
ment of a communications infrastruc-
ture for personalized, context-aware
composite service delivery to mobile
users. The work, scheduled for
2006–2009, is supposed to provide a
framework that addresses evolution of
the roles of operators, service providers,
and customers in an increasingly dynam-
ic and fragmented business and service
environment. This document explains
the concepts that drive the project, pro-
vides pointers to results achieved so far,
and outlines future plans.

DRIVING ASSUMPTIONS ABOUT
NEXT-GENERATION NETWORKS

The wireless telecom operators are
evolving rapidly in order to adapt to
ongoing business, standarization, leg-
islative,and social changes. Although
changes have been considerable so far,
the following shifts in service provision-
ing and business interactions are still to
come.

Operators will likely have to deploy
multiple application-supporting services
in the network infrastructure. By doing

this, telecom operators will position
themselves centrally for providing com-
munication facilities to users.
• Services will be created by

autonomous service providers and
make cost-efficient use of the appli-
cation support features provided by
the operators’ infrastructure to add
value to the services.

• Services will be discoverable and
aggregatable; their use will be
accounted for in a converged bill fol-
lowing any suitable charging scheme
including pre-paid, post-paid, flat
rate, or split charging.

• Incumbent operators will increase
availability of services by entering
cooperation with other wireless
access network providers.

• Users will receive increased levels of
control of services and ease of use by
means of personalization. Intelligent
control will be required to acquire,
correlate, and infer user status from
context and user profile information,
to trigger actions on behalf and in
the interest of the user; pervasive and
context-aware support infrastructure
will create new economic opportuni-
ties for the involved parties.

The above presents a considerable
shift in the way services are created and
offered. The change will allow opera-
tors to retain a leading role and users
to gain more control over the services
they use with the following effects.

Business processes will become more
complex and be dynamic in order to
allow for short time to market and short
life cycles for services. Emerging mod-
els with competitors entering coopera-
tion need to be accommodated, such as
sharing the enabling infrastructure and
delegating roles and functions. Dynamic
service composition will be supported
by means of standard interfaces.

Service customization and personal-
ization needs to be shared by the net-
work infrastructure providers, service
providers, and users, so privacy at all
system layers, cross-layer, and interdo-
main will receive new dimensions.

By embracing these aspects, Daida-
los bridges a gap between technology
and business, follows foreseeable cus-
tomer demands, and opens business
opportunities that intersect network
development, service provisioning, and
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n Figure 1. Daidalos business views: federated environments.
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business planning. These aspects are
explained in more detail below.

INNOVATIONS AND THEIR IMPACT

A VIEW OF BUSINESS PROCESSES
The next-generation network should

be perceived as a composite of
autonomous domains that intersect to
cooperate based on dynamic service
level agreements. The project addresses
interoperator federations between simi-
lar operators (horizontal) and different
types of operators (vertical). Horizontal
federations develop between access net-
work providers, between service
providers, or between pervasive opera-
tors. Vertical federations are estab-
lished between mixed combinations of
wireless access network providers, oper-
ators, or service providers, as well as
pervasive service providers. Fragmented
environments with different arrange-
ments for incumbent operators are also
considered. Figure 1 partially reflects
the complexity of fragmented environ-
ments.

THE FEDERATION MODEL

Business scenarios incorporate roles
of operators, wireless access network
providers, service providers, content
providers, and identity providers, which
may be the same or separate entities.
New business cases result from various
arrangements between these entities
(Fig. 1). The project considers the rela-
tions that develop between both tradi-
tional operators, which aggregate most
of the roles of service and access net-
work providers, and micro-operators,
which support only selected functions
and rely on other service providers and
operators for other functions (e.g., iden-
tity management or charging). The con-
cept of federation is considered central
to the flexibility of such business sce-
narios. A federation assumes scoped
trust relationships and function delega-
tion between domains.

A VIEW OF SERVICES

Traditional network architectures do
not attempt to infer user needs from a
user’s environmental context. In the
Daidalos system, services are assumed
to be adaptable to network conditions
and reconfigurable. Bringing the user
into focus encompasses user-controlled
service customization and automated
service adaptation. The project inte-
grates mechanisms for service personal-
ization and context awareness. This is
one step further than the IP multimedia
subsystem (IMS), which currently only
considers rich presence and basic per-

sonalization. A subsystem called the
service provisioning platform (SPP)
incorporates a modular and extensible
toolbox for fragmented models and fed-
erations, and allows different entities
from different domains to interact.

A VIEW OF USER PRIVACY

Security spans a range of issues, from
including mutual authentication for net-
work attachment for users, combined
authentication for network and service
access in federated and non-federated
models, to key management for reau-
thentication under mobility.

The identity management function-
ality, based on virtual identities (VIDs),
offers privacy by means of anonymity
and unlinkability of user activity. VIDs
are different instances (or views) that
the system has of a user that disallow
user identification by other users and
service providers during network and
service access (Fig. 2). The identity
provider is introduced for user informa-
tion management across different sys-
tem elements.

VID-based mobility allows physical
persons to be decoupled from mobile
terminals, and represents user-related
attributes such as a profile, personaliza-
tion, credentials, and user context in
the system. A single physical person
under a single contract can associate
several VIDs to the subscription. VIDs
are traceable for legal reasons, but
remain anonymous and unlinkable for
other users or entities.

LEVERAGING MOBILITY

Separation of the local and global
mobility management domains paves
the way to better support for federa-
tions. Mobility has been further
enhanced by inclusion of both terminal
and network initiated handovers. Key
innovations include decoupling of a
user from a mobile terminal at the sys-

tem level through the VID; increased
independence of network access tech-
nology by means of a generic abstrac-
tion layer; and selection of the
preferred network attachment based on
inputs provided by network discovery
functions, network interfaces, user pref-
erences, current networking context,
and operator policies in different access
technologies and domains. In such a
structured mobile environment, Daida-
los integrates negotiation and manage-
ment of network resources for legacy
and multimedia services in the local
mobility domain. The paradigm allows
quality of service control for both sin-
gle-hop and multihop radio access net-
works, and for moving networks.

UBIQUITOUS AND CONTEXT-AWARE
ACCESS TO SERVICES

Ubiquitous access to services is syn-
onymous with universal availability of a
service, regardless of network technolo-
gy, mobile device, service type, or user
location. User movement, or other con-
text changes, can trigger service recon-
figuration (Fig. 3.). 

For this purpose, context engines for
collecting and processing relevant informa-
tion from the network infrastructure and
terminal sensors are introduced to feed
relevant data to pervasive applications.

SUMMARY

Different validation schemes are
applied in the project under a common
architecture framework, depending on
maturity level. To deal with the com-
plexity of the system, modeling has been
used to verify completeness and consis-
tency of design. Selected parts of the
design have been represented in a Uni-
fied Modeling Language model to
ensure proper linkage between subsys-
tems. Detailed models are also avail-
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n Figure 2. Virtual identities for a user in Daidalos.
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able for some architectural components,
a few of which are already modeled
down to the message-sequence chart
level or state-machine level. Simula-
tions are carried on out to validate
selected concepts, such as paging, net-
work-controlled handovers, and inter-
working moving networks with
infrastructure-based networks.

Daidalos is further carrying on pro-
totyping and deployment with a prag-
matic strategy of selective
implementations of subsystems and
components. A few have already been
implemented and demonstrated for net-
working and services pervasiveness
aspects [5]. To facilitate deployment,
two integration sites were set up with
offsprings to numerous pre-integration
sites for proof of concept.

The architecture has been presented
to the International Telecommunication
Union Telecommunication Standardiza-
tion Sector (ITU-T), European Telecom-
munications Standards Institute (ETSI)
TISPAN, and Third Generation Partner-
ship Project (3GPP), and in groups such
as the Wireless World Research Forum
(WWRF). Targeted inputs have been
provided to the Internet Engineering
Task Force (IETF), IEEE, OMA, Liber-
ty Alliance, OSGi, and DVB [2].

The major impact of the project is in
showing progression towards more open
and flexible architectures for next-gen-
eration wireless systems to enable both
competition and cooperation. The
architecture ties various parties and
allows for their involvement in business
chains in systems built beyond 3G.
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n Figure 3. Pervasive vision reflected in the architecture.
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