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Abstract

Third generation mobile radio systems
(33)
different regions of the world. Future

are currently being deployed in

systems beyond 3G are already under
discussion in international bodies and
forums such as ITU, WWRF and R&D
programs of the European Union and in
other regions. These systems will deter-
mine the research and standardization
activities in mobile and wireless commu-
nication in the next years. Based on the
experience of 3G future systems will be
developed mainly from the user perspec-
tive with respect to potential services and
applications including traffic demands.
Therefore, the Wireless World Research

Forum (WWRF) was launched in 2001 as
a global and open initiative of manufact-
SMEs, R&D
centers and the academic domain. WWRF

urers, network operators,
is focused on the vision of such systems
the Wireless World - and potential key
technologies. This paper describes the
international context of activities on
systems beyond third generation, the
goals, objectives and structure of WWRF,
the user perspective as the starting point
for a future system design and the key
enabling technologies for the Wireless

World.

1. Introduction

Third generation (3G) mobile radio
systems (1 3] (IMT-2000 globally and
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UMTS in Europe) are becoming reality
The
frequency spectrum is ongoing globally. In

today. licensing process for 3G

all major European countries licenses
were granted since the year 2000. The
network infrastructure is currently being
deployed in many countries. Manufact-
urers, network operators, service and
content providers are now focused on the
development of new services and applica-
tions as well as suitable business models
to make 3G an economic success.

The development of 3G systems started
in Europe around 1988/89 in the EU
RACE 1 framework research program
ahead of the first

deployment of GSM. In the beginning, a

nearly two years

vision of UMTS was developed including
preliminary estimations on the frequency
spectrum demand for UMTS. This was the
WARC 92 (World Radio
Administrative Conference) to allocate
the IMT-2000 core band. First radio
interface concepts and network architec-

basis for

tures were investigated in research
projects in the EU RACE II framework
program. The research projects in the EU
ACTS program towards radio interface
proposals and network architectures had
a significant impact on the international
standardization of third generation mobile
communication systems (1. 4 and 5]. At
that time the development of 3G systems
was mainly driven by technology in terms
data
rates, mobile speed etc. The development

of supported radio environments,

of services, applications, business models
and the new value chain started around
1997 close to the decision of ETSI SMG on
the selected UTRA concept (UMTS
Terrestrial Radio Access) in January
1998. This work was facilitated by the
activities of the UMTS Forum, which was
established in 1996.

Due to the long time frame for the
development and standardization of new
systems, the identification and availabili-
ty of new spectrum and the regulatory
issues such as the licensing process, the
research work on systems beyond third
generation mobile communications started
already around 1999 in international
projects and bodies, e.g. (6 - 10]. Several
projects under the EU IST framework
program are addressing different aspects
It is one important
of 3G

systems since beginning of the nineteenth

of future systems.
lesson from the development
that potential future services and appli-
the
behavior should be taken into account

cations including expected user

from the very Dbeginning to derive
technical requirements. This approach is
essential to enable an economic success of
The IST WSI project

(Wireless Strategic Initiative) is following

future systems.

this approach in the development of a
vision of future systems (9). On the other
hand the mobile community is in the
dilemma to develop technical require-
ments for new systems for an unpredic-

table future in about 10 years time.
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Therefore, future systems should enable
sufficient flexibility to match the operator
and user expectations from a service and
economic perspective as close as possible.
In this environment the Wireless World
Research Forum (WWRF) was launched in
2001 (10].
answered in the development of future

Important questions to be

systems are:

o What essential demand will a
Wireless World address?

e How can advances in technologies be
combined in a consistent manner?

o How can wireless communications
become universally available for both
people and things?

® What business models will drive the
Wireless World (what are its funda-
mental laws)?

The Book of Visions 2001 of WWRF is a

first step to find the answers to these
questions (11].

2. International Context

The development of visions for future
telecommunications systems takes place
in a number of bodies
which are both standardization
bodies and forums comprising operators of

and interest

groups,

telecommunication networks and equip-
Although  the
messages and projections given by the

ment manufacturers.

different groups have different focus, a

rather harmonized view on future

generation networking exists. The Wireless

World Research Forum WWRF  was
established in August 2001 to actively
contribute to these international activi-
ties towards a global and consistent
vision of the Wireless World (10: 11].
ITU-R WP8F (International Telecom-
munication Union Radio Sector, Working
Party 8F) and ITU-T SSG (ITU Tele-
Sector, Study
Group) are active in related vision groups

communication Special
to facilitate consensus on basic system
(12).
prerequisite for the forthcoming World
Radio Conferences (WRC ‘03 and in
particular WRC '06) to discuss and to
identify new spectrum for future systems.

concepts These activities are a

Its wvisions and recommendations for
technical realization of those built on
expected user requirements on future
The

responsibilities of these bodies include

mobile telecommunication systems.

issues such as spectrum needs, higher
data rate capabilities, Internet Protocol
(IP)-based
such as

needs of mobile
systems IMT-2000, and the
development of systems beyond IMT-2000,
The visions, which are currently being

service

discussed by ITU, stress seamless service
multitude of
wireless systems as being an important

provisioning across a
feature of future generation systems. In
this aspect the correspondence to the
WWRF is most visible. In general the
views of ITU-R and WWRF are aligned to
a large extend.

These activities are accompanied by
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regional bodies such as the Japanese
Telecommunication Council, the Japanese
mITF (mobile IT Forum), the EU frame-
work research programs and forums on
particular topics such as the SDR Forum,
the OFDM Forum, the IPv6 Forum and
the ASMS (Advanced Satellite Mobile
Systems). Ongoing research activities are
focused in this further development of

mobile communications in all relevant

areas.
Strong drivers of a vision for future
generation telecommunication can be

found in Japan. Operators in Japan have
already pushed for third generation
networks and services, which is most
vividly reflected in the i-Mode and FOMA
The Japanese TTC
munications Technology Council) plays a
in the
generation mobile communication systems
(13]. the
impact of communication and its growing
impact on the society is acknowledged.

services. (Telecom-

major role discussion on new

In their recent report (14)

Similar to the notion of the Wireless
World, it is stated that ubiquitous access
to information will play an increasing
importance for modern societies. IP and
Internet technology are expected to be
cornerstones of a new generation mobile
communications system.

The Japanese mITF (mobile IT Forum)
was launched on June 25, 2001 as an
independent body. mITF has the objective
to realize future mobile communication
systems and services such as the fourth-

generation mobile communications systems
and mobile commerce services, at an early
date by performing research and develop-
ment activities on future mobile commu-
nications, making studies on its standard-
ization, conducting coordination with
related bodies, collecting information, and
carrying out promotional and educational
activities, and thereby contribute to a
healthy utilization of radio spectrum. The
of 4th Generation Mobile

Communications Committee are to clarify

objectives

the system configuration and applications
of the fourth-generation mobile communi-
cations systems, which realize a world’s
leading mobile IT, and to
concrete near-term activities envisioning

propose

its commercial introduction around 2010,
so as to lay a groundwork for the
research and development and standard-
ization activities by the industry. Its
mission is to facilitate the development
and standardization of the fourth-genera-
tion mobile communications systems.
Research on future generation mobile
systems in Europe is strongly influenced
by the IST program of the European
Union. With the Cluster on Systems
beyond 3G the IST has created a forum
to consolidate the results of a number of
IST research projects supposed {o provide
result in relevant fields (15). The scope of
the cluster includes: evolution of access
systems, including terrestrial and
satellite technologies. both telecom and

interactive broadcasting systems, IP in
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core and radio access including mobility
management, and interworking of exist-
ing, evolving and emerging access systems.
Major objectives are to develop a vision
on “Systems beyond 3G’
based on 3G-systems
revolutionary scenarios deploying leading-

evolutionary
scenarios and
edge access technologies to achieve the
integration of mobile and fixed networks
and to allow the seamless transition and
service provisioning across heterogeneous
access networks.

Apart from the groups aiming at the
establishment of visions and views on
complete future generation networks, a
number of forums exist, which aim at
driving single technologies.

One of those forums dedicated to a
technology to be a key component.of the
Wireless World is the SDR Forum (16),
which is dedicated to supporting the
development, deployment, and use of open
architectures for advanced wireless
systems. To that end, the SDR Forum
helps to accelerate the proliferation of
enabling software definable technologies
necessary for the introduction of advanced
devices and services for the wireless
Internet and to develop uniform require-
ments and standards for SDR techno-
logies to extend capabilities of current
and evolving wireless networks.

Further key components of the Wireless
World are improved radio access techno-
logies, whereof OFDM is regarded as the
most important technology for a future

public cellular radio access technology.
The OFDM Forum (17) is a voluntary
association of hardware manufacturers,
other
orthogonal frequency division multiplex-
ing (OFDM) technology in wireless
applications. The OFDM Forum was
created to foster a single, compatible
OFDM standard, needed to implement
high-speed
networks on a variety of devices. OFDM

software firms and users of

cost-effective, wireless
is a cornerstone technology for the next
generation of high-speed wireless data
products and services for both corporate
and consumer use. With the introduction
of the IEEE 802.11a, ETSI BRAN, and
multimedia the
world is ready for products based on
OFDM technology.

The vision of the Wireless World and in
the same way the visions stated by ITU

applications, wireless

and TTC assume that the future mobile
telecommunication system will base on
Apart the
standardization work carried out in the
[ETF, the IPv6 Forum is dedicated to
develop IP towards a technology for the

Internet technology. from

next generation Internet, which Iis
supposed to be an integral part of the
Wireless World (18). The IPv6 Forum is
shaped by a worldwide consortium of
leading Internet vendors and research &
The forum has a
IPv6 by

dramatically improving the market and

education networks.

clear mission to promote

user awareness of IPv6, creating a quality
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and secure Next Generation Internet and
allowing world wide equitable access to
knowledge and technology, embracing a
moral responsibility to the world.

The of the
includes satellite communication as one
enabler of ubiquitous communication. In
this context the work of the Task Force
on Advanced Satellite Mobile Systems
(ASMS) relates to the WWRF (19). ASMS
industry-led body,

vision wireless world

is an independent,
committed to the successful introduction
and development of advanced (including
3G and beyond) mobile satellite communi-

cations systems and services.

3. WWRF Wireless World Research
Forum

The Wireless World Research Forum
was started based on the activities in the
EU IST project WSI Wireless Strategic
Initiative (9). The WSI project started on
May 1, 2000 with the project partners
Alcatel, Ericsson, Nokia and Siemens. A
major task of the WSI project was to
establish an open international discussion
on future wireless technologies and
that may gradually
2010. These

visions are based on the work in a Think

business models

become operational after
Tank of invited experts from network
operators, manufacturers, and academia,
open calls for contributions and public
workshops. A first edition of the “Book of
Visions” was published in December 2000.

Due to the success of the Think Tank and
increasing request for participation in
these activities from groups outside of the
WSI project it was decided end of 2000 to
turn the WSI Think Tank into an open
forum with world wide participation with
a lst Call for Contributions in December
2000.

The Wireless World Research Forum
(WWRF) was launched in March 2001 at
the kick-off meeting in Munich, Germany.
A further initial working groups meeting
took place in May 2001 in Helsinki,
Finland. WWRF was legally established
2001 as
association under Swiss law (article 60

on August 14, a non-profit
ss. of Swiss Civil Code) as an open and
independent organization by the founding

Alcatel,
and

members Ericsson, Motorola,
Nokia (10).  WWRF
organized public working group meetings
in September 2001 in Stockholm, Sweden,
in December 2001 in Paris, France, in
March 2002 in Phoenix, USA and in June
2002 in London, UK. The next meeting is
planned for December 2002 in Eindhoven,
The Netherlands. In 2003 meetings are
Europe and North

Siemens

envisaged in Asia,
America.

Since August 2001 the membership is
growing up to more than 100 members
(status June 2002) from the manufact-
urers domain, the network operators
domain and the SME (small and medium
enterprises), R&D center and university

domain from America, Asia, Australia and
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Europe.

3.1 Goals and Objectives

The major objectives of WWRF are

¢ to contribute to the vision of the
Wireless World,

® to develop and maintain a consistent
vision of the Wireless World,

® to generate, identify, and promote
research areas and technical and

society trends for nmobile and
wireless systems towards a Wireless
World,

® to provide a place where innovative
applications and advanced technol-
ogies meet,

® to identify and assess the potential
of new technologies and trends for
the Wireless World,

¢ to contribute to the

international and national research

definition of

programs and

® to inform a wider audience about
research activities that are focused
on the Wireless World

with the scope:

® to contribute to the development of a
common and comprehensive vision
for the Wireless World,

® to concentrate on the definition of
research relevant to the future of
mobile and wireless communications,

including pre-regulatory impact
assessments,
¢ to invite world-wide participation

and is open to all actors,
® to communicate
Wireless World concepts and
® to
presentation of research results.
WWRF will support the UMTS Forum,
ETSI, 3GPP, IETF, ITU, and other
relevant bodies regarding commercial and
standardization issues derived from the
research work. However, WWRF is not a
standardization body.
WWRF provides a global platform for
academia and industry to discuss results,

disseminate and

provide a platform for the

to exchange of views, to identify areas
where research is needed and to initiate

global co-operation towards systems

“beyond 3G. The major objective of global

co-operation is to achieve harmonization
of views at an early stage already during
the research phase. WWRF is an open
organization with global membership and
it is a contribution driven organization.

3.2 Organizational Structure, and Working
Groups

Any legal established corporation and
individual firm, partnership, university
and research institute, governmental body
or international organization supporting
the purpose of the WWRF may apply for
membership. Details are available in (10).

shows the
including all bodies and the
current Working Groups.

Figure 1 organizational

structure
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General Assembly

‘Secretariat’

Steering Board

Working Group 4 -
' New Technologies

Main research tasks:

[ Business models

0 Personalisation

Qi Adaptability

Q Generic service elements

0 Enabling technologies

Q Context awareness and
ubiquitous computing

Main research tasks:

Q Understanding the user

0 New generic application
elements

Q New interaction techniques

Figure 1.

The

addressing
® “The User in the Driving Seat” with
the main identified research tasks:

current Working Groups are

Understanding the user, new generic
application elements and new inter-
action techniques.

® “The Service Architecture of the

Wireless World® with the main
identified research tasks: Business
models, personalization, adaptabi-
lity, generic service elements,

enabling technologies and architect—‘

ure for context awareness and
ubiquitous computing.

e ‘New Communication Environment
and Heterogeneous Networks™ with
the main identified research tasks:
Wireless World networking architec-
ture, IP mobility architecture for the

Wireless World, QoS architecture for

Main research tasks:

Q Spectrum issues

Q Antenna arrays and
related technigues

O New air interfaces

0 Ad hoc networks

O Wireless World networking
architecture

U {P mobility architecture

{3 QoS architecture

Q) IP Multicast architecture

1 Transport protocols

U SDR

WWRF organizational structure

the Wireless World,
architecture for the Wireless World
the

IP multicast

and transport protocols for
Wireless World.

e ‘New Wireless Technologies” with the

identified tasks:

Spectrum issues, antenna arrays and

main research

related techniques, new air inter-
faces and ad hoc networks.

WWRF s

contributions. Technical contributions on

issuing open calls for
ideas and research ideas are presented to
the  Working
The Working Groups are
identifying research and draft
research tasks. Based on these drafts
WWRF is developing tasks
(Figure 2), which were published in the
2001 edition of the “Book of Visions” (11].
The "Book of Visions™ is currently the
major deliverable of WWRF.

Groups and openly
discussed.

issues

research
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Research Research  Draft Research WWRF
Ideas =P Issues =P Tasks == Research
Tasks

— Book of Visions Version 2

Figure 2. Approach of work

3.3 Timeline

Figure 3 WWRF
in comparison to the global
activities, which are ongoing in inter-

summarizes the
activities

national standardization and regulatory
in the industry. Globally,
activities are

bodies and
research initiated on

systems beyond third generation. ITU is

currently working on visions and
requirements on future systems. The
detailed standardization work is

envisaged not before WRC 06 (World

ITU-R

Research
i

Requirements

'/r

Radio Conference) in 2006. A first system
deployment is expected in ITU-R after
2010. The WWRF activities fit well with
the overall global time schedule. The
major WWRF milestones for 2002 are the
development of an initial system concept
and a reference model and based on that
an initial WWRF research framework,
which will be communicated to national
and international research programs and
relevant standardization bodies.

4, User Perspective and MultiSphere
Level Concept

The success of mobile communications
so far has been made possible only by
shared and stable visions and principles
at the system level, among a wide set of

It has become clear in the

players.

Spectrum identification and implementation

| Initial System Deployment
2nd Stage Research

Activities of all sector actors

p g 7 Vali
(e.g. manufacturers, operators, System Development
standardisation bodies, ...) A A ' t

| WRC03 WRCO System Integration

P V 2001
E ] rep“n of the’ Bo PO

t & Ret

WWRF Milestones & Activities for 2001 and Beyond

pt & F Mode! Definition e :
7B  Definition ot Research & Communlcation Framework / Identification of Interfaces

Further activities are'to be: defined ...

4 -BoV 2001 published

‘ +Initial system concept & reference
model established for research
+ publication of specific topic reports

€ = Milestone

@ ° Initial WWRF research framework
established and communicated to
national & international research
programmes and relevant
standardisation bodies

+ Publication of specific topic reports

Figure 3. WWRF timeline with respect to the global context
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discussions that the development of a
purely “technical” vision on new network
concepts or radio interfaces will not be
sufficient to be successful in future. Such
a technical view must address a much
wider context:

e an user centered approach, looking
at the new ways users will interact
with the wireless systems,

e new services and applications that

become possible with the new
technologies, and
® new business models that may

prevail in the future, overcoming the

by now traditional user, server and
provider hierarchy.

It is expected that the major innovative

thrust will

interaction with the system or among

come from new ways of

systems. An example for a vision of the
Wireless World is the emerging need to
bridge the real and the personal virtual
world and to continuously stay in contact
with both. The Wireless World therefore
has to address communications among

things, humans and ‘cymans (our
synthetic counterparts in the virtual
cyber-world a sort of autonomous

avatars). As such. a Wireless World of
the
enhanced living environment.

future will become our natural

The development to future systems is
significantly be determined by general
shaping factors such as society, politics,
technology,

economy, environment,

customers and competition, which are

affecting the regulatory environment, the

user behavior and potential future
services and applications. The living
spaces, where future systems will be

operated are at home, in public places, at
work and in transportation systems. All
these living spaces are requiring different
technical  capabilities of  systems.
Potential areas for services and appli-
cations education and

are learning,

electronic commerce, leisure and
entertainment, health, knowledge based
business, green processes and products.
This list is not exhaustive. The
introduction of data systems like GPRS,
EDGE and 3G does not provide a single
“killer different

services and applications can be expected.

application”.  Many
which will be provided on the available
technical platform.

Users want to get personalized mobile
multimedia services with any content,
anywhere and anytime, via any device
and any access system. On the other
hand, users are not interested in the
technology. Therefore, the necessary
system complexity has to be hidden from
the handle
interfaces. From the user perspective the

user via easy to user
vision for mobile communications
therefore be described as a MultiSphere
level concept, which was developed in the
IST WSI project and further detailed in
the “Book of Visions” of WWRF (14: 15]

(Figure 4).

can
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Figure 4. The MultiSphere Level Concept: Level

Environment. Level

In the first level the user connects all
carried devices like a camera, phone,
mirror glasses for images, watch etc. in
a PAN (Personal Area Network) by short
range connectivity systems. The second
level links the immediate environment
like a TV, a PC, a refrigerator etc. to
the user. Currently, the user does not
interact with them but in future he will
expect that they take notice of him, that
they start to interact with him and turn
than
three

ensures the direct communication with

into personalized items rather

general-purpose devices. Level

instant partners as other users and

vehicles. Users may want to talk to

them or just to relay information
through them.

possibilities should enable an easier and

In the future wireless

: Instant Partners. Level
Interconnectivity. Level

: The PAN. Level : The Immediate
: Radio Accesses. Level
: CyberWorld

maybe richer interaction with people
close by than with people on another
What

communication so

continent. has made mobile

successful was the
possibility to rely on ubiquitous coverage
of a wide area system. Either directly
PAN or via the

publicly accessible

from the instant

radio
Different
wireless access systems like terrestrial
systems, satellite systems and HAPS
(High Altitude Platform Stations) are,

therefore, provided in level four for full

partners
interfaces must be reachable.

area  coverage. Universal  wireless
interconnectivity emerging from today’'s
mobile Internet core networks will be
To offer the

right level of support for the various

one of the crucial tasks.

specialized radio interfaces and
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terminals will be a key requirement.

Evolutions of interconnectivity (level

five) will convey radio interface state
specific information to applications and
also allow for seamless integration of
synchronous direct communication services
with based

services. These levels are surrounded by

asynchronous message
the Cyber World (services and appli-
cations domain) in level six, where the
user can stay in touch with his agents,
services

knowledge bases, communities,

and transactions. This vision from the
user perspective is the driving force for
seamless services and applications via
different

development (15).

access systems for future

5. Building Blocks of the Wireless World

The previous section describes a user-
centric view of the Wireless World, using
the MultiSphere Level concept. Based on
this concept WWRF started to identify
the major system elements or functions
that could characterize and make up the
Wireless World. As such these building
blocks represent a first attempt at a
of the World
(Figure 5). These nine potential building
blocks of the Wireless World are briefly
described in the following:

system view Wireless

Augmented Reality/Cyberworld: New
types of user interactions will character-
ize the Wireless World in the people’s

mind, more than any implementation

orientated feature. Wearable communi-
inter-
The

communication space of the user will be

cation terminals and deviceless

actions will become fashionable.
populated by avatars, and the reality he
will be

information. Key Words are wearables,

sees augmented by useful

deviceless communication, avatars and
augmented reality.

The
services provided in the Wireless World

Semantic Aware Services:
will have to understand what the user
wants, based on past observations of the
user and, maybe, some common Sense.
The service has to remember, to deduce,
to think and to propose appropriate
actions. Key Words are context aware

services, location aware services, and
extensive use of artificial intelligence to
assist in information retrieval and
personalization.

Peer Discovery: Convenient solutions
for locating service providers and users in
the Wireless World are a key building
block, which will have strong impacts on
the potential users perception of service
quality. Addressing schemes need to be
which

boundaries and harmonize access to the

found work  across network
broad range of conceived services. Key
words are user addressing and service
discovery.

End-to-end Security and Privacy: In
the Wireless World users are expected to

rely to a much higher degree on the
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Figure 5. The 9 building blocks of the Wireless World

communication system than today. This
high system availability and
integrity of communication. Payments via
will be
exceeding other methods

implies

mobile devices commonplace,
of payment,
implying the provision of universal, easy
to use, secure and cheap payment
services. Key Words are ensuring privacy

and security.

Co-operative Networks and
Terminals: The Wireless World is
supposed to comprise a number of

heterogeneous technologies, which have to
be coordinated such that they provide a
Network
in the access

seamless service to the user.
details and differences
means are to be hidden. A continuous
to be guaranteed
ensuring among
technology borders. Both the network and

service area needs

service  continuity

the terminals need to co-operate to
achieve this goal. An all-IP architecture
the

Key words

could Dbe common  basis for

co-operation. are reliable
transport among heterogeneous networks
and terminals and all-IP.

Heterogeneous Ad-hoc Networking:
The communication network of the
Wireless World  will Ad-hoc

elements, which collaborate to construct

include

network islands of increased direct
communication needs. Such configurations
are supposed to appear at hotspots such
as airports or shopping malls. Addition-
ally ad-hoc communication links can be
used to ensure access to the Wireless
World for remote mobile stations without
direct link to the Wireless World. Such a
link can also comprise heterogeneous

communication means to achieve global
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connectivity for terminals supporting only
short-range communication by themselves,
too. Key words are ad-hoc networks
among homogeneous and heterogeneous
communication nodes.

4G Radio Interfaces: Different radio
technologies, which are tailored to certain
need to be defined for

application in the Wireless World network.

environments,

Their spectral co-existence needs to be
guaranteed by defining appropriate rules
for frequency etiquettes. Technologies,
such as UWB (Ultra Wide Band) and
Multi-carrier need o be
investigated and mechanisms for spectrum

solutions,

sharing are required. Key words are

spectral  coexistence and frequency
etiquettes, positioning, multi-carrier and
new air interface.

Smart Antennas and Base Stations:
New concepts of cellular networks should
not hold off from new architectural
concepts deviating from the traditional
views. Interesting concepts such as HAPS
(High Altitude Platform Systems) should
Wireless World.

such as

be evaluated for the

Antenna technology smart
antennas has similarly high potential to
contribute significantly to the future
radio access technology. Key words are
beamforming, MIMO, space-time coding,
HAPS (High Altitude Platform Systems),
radio heads and optical fiber.

Software Defined Radio: This
technology is a key enabler for a flexible

network architecture, allowing an easy

adaptation to the application’s demands.
Thus, it ensures a future proof network
architecture, which can keep pace with
the application innovation process by
changing the mobile station’s protocol
stacks remotely. The research in this area
includes software architectures and an
investigation of the hardware impacts.
Key words are reconfigurable, download-

able protocol stacks.

These are major areas, which are

addressed in WWRF to enable the
necessary research for the Wireless
World.

6. Conclusions

Third generation mobile communication
systems are currently being deployed in
different regions of the world. Due to the
long time frame for the development of
future systems research and standard-
ization work on initial system require-
ments and concepts for systems beyond
3G started already in parallel to the first
deployment of third generation systems,
e.g. in EU research framework programs,
ITU-R, ITU-T and related forums such as
WWRF Wireless World Research Forum.
Therefore, WWRF was launched in 2001
as a global initiative and is focused on
the vision of such systems and potential
key technologies. The forum is open to
manufacturers, network operators SMEs,
R&D centers and the academic domain.
WWRF is addressing the

key issues,
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which are impacting the further develop-
ment of the Wireless World. The open
global level
liaisons with other forums and initiatives,

discussion on requires
which are active in particular areas and
towards similar goals. The timeline of
WWRF is synchronized with the global
context, which is related to the activities
in ITU and the forthcoming World Radio
Conferences on 2003 and 2006.

WWRF provides a global platform for
academia and industry to discuss results,
to exchange of views, to identify areas
where research is needed and to initiate
global
beyond 3G. The major objective of global

co-operation towards systems
co—operation is to achieve harmonization
of views at an early stage already during
the research phase. WWRF is an open
organization with global membership and
it is a contribution driven organization.
Systems beyond third generation will be
designed mainly from the user perspective
to ensure as far as possible an economic
success. The developed Multipshere Level
Concept shows the different interaction
modes from the user perspective. WWRF
is working on a reference model and the
identification of the main building blocks
of the World. These

augmented reality/cyberworld,

Wireless are
semantic
end-to-

aware services, peer discovery,

end security and privacy, co-operative
networks and terminals, heterogeneous
ad-hoc networking, 4G radio interfaces,

smart antennas and base stations and

software defined radio. WWRF is working
on the needed research tasks for future
research programs and projects and will

address these areas to national and
international framework research
programs.
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