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Abstract— Today, new ways of constructing and delivering
complex wireless and mobile services require more
elaborate and distributed prototyping, testing, and
validation facilities. Testbeds are becoming an imptant
tool for integrating technology components into thecomplex
environment of the wireless world and end-users irtheir
daily life. However technology in itself is no longr valid —
benefits and usefulness for people in their dailyife must be
proven before the technology or service can be said be a
success.

Living Labs is a user-centred real-life approach to weless

and mobility service and technology design and
development (as well as other service areas). The eus

centred approach places special emphasis on the deto

develop mobile services that are usable, i.e. effee,

efficient and satisfying to use, and has full end ser

integration in the creation and validation processg, which is

necessary for gauging market acceptance of the déwped

prototypes and solutions.

. INTRODUCTION

Many research projects over the years, have endad i
report on a bookshelf. In some cases the marketnwas
ready, in many others the results from the proyeete
never validated under real-life conditions. Nor didtart
from the very needs and preconditions of the irgeind
user.

be a key area for Europe's future growth. CEO’s of
Europe’s top telecom companies have identified
interoperability, testing and joint research asatetyic
areas for future development.

Placing wireless research into the daily life dituzs of
society [1], enable researchers to interact with al
stakeholders present in a specific scenario, ftuabr
context is a well-suited method for accomplishingigh
degree of relevance.

Research environments have been defined across the
world as arenas for this kind of investigation. fBiént
concepts of user involvement can be seen from ebemmp
of PlaceLab [2] at MIT, the Future Computing
Environments [3] at Georgia Tech, and more closer t
home in Europe, HomelLab at Eindhoven University of
Technology [4]. These environments have the common
characteristic of being in a single-context. Thisams that
users take part in experiments with one single thsk
normally has nothing to do with the rest of thie.|

The Living Labs Concept refers to an R&D
methodology where innovations, such as new seryvices
products or application enhancements, amated and
validated in collaborative multi-contextual empirical real-
world environments within individual regions.

The individual is in focus in the role of a citizarser,
consumer, or worker. The user experience focusesang
from user interface design and ergonomics as well a
assessment of user acceptance and behavior, tacaser

During recent years, the demands and criteria fodesign process, finally leading to service or pobdu

getting a project funded has increased, both wheomes
to the core idea of the project, but also wheroines to
the dissemination of results and securing the agle® for
society in general or industry in specific.

creation. The benefits of deploying tests on disted
testbeds, for service development research is nbt o
limited to analyzing end user requirements, but als
analyzing the performance and capacity of netwdecks

Creating a mobile networking testbed environmengupport service quality. This analysis is cruc@idrds

through the interconnection of international tedthés an

service development as well as meeting the business

initiative to extend Europe’s e-Infrastructure andgoals.

innovation platform in a direct contribution to fitate

European approaches to communication research andganization

development.

Value is captured on an individual level as welltha
level. Emerging value distribution and
changes of existing value chains and business medel

e-Infrastructures should be able to provide the tmosanalyzed. Culture and site specific features agetitied

advanced fully integrated communication and infdrama
processing services to researchers in Europe. 3tnayid
also provide transparent, easy, cheap and seccessato
all types of distributed resources (computers, lutegas,
heavy research instruments, etc)”.

when innovative applications are transferred across
borders to different diverse contexts and cultuidass
customization models are planned in deploymentiand
European/global exploitation.

The challenge of the methodology lies in its design

The need to include mobile and wireless resouroes fincluding core local partners from user groups,lipubr
access by the R&D community is obvious. Europe haSivic sector participation parallel with private cter

achieved a strong position in this field and it thmmes to

technology and service providers.



In order to conduct such R&D experiments as deedrib complementary platform to fixed broadband
above, an extensive technology platform (Testbed or access
elnfrastructure) must be made aVailable. It |Smthat The group has identified the need for |arge_sca|e

no such region or testbed can facilitate all enmygi demonstration platforms will arise that will permti

service platforms or technologies, so a networkingyrototype and verify the interoperability of a nituitle of
approach must be considered in order to enablenti&t  applications, services and devices.

suitable technology oa SPeC'f'C expenment. ) Given the existence of these requirements for aless
Augmenting these environments with a Multi-Agentand mobile extension to Europe’s e-Infrastructboay do

Testbed [5] which is a virtualized mobile network, we go about making this e-Infrastructure availabiel
geographically distributed across internationabteds [6]  sable for the entire R&D community?

is the core concept of our approach.
While attempting to facilitate and enable this in aB. Proposed Model

seamless way, the distributed testbed can be majeped The Living Labs network approach is an attempt to
many technological research areas — including theupersede the existing prevalence of isolated fteriva
underlying communication systems, service platfoams  wireless test-beds with restricted access, withodehof
applications supporting the individual at every qu& providing open testing and validation support toy an
situation needed. This is largely due to the ineeem research project that has a wireless or mobiligeaech
communications research development, where futureomponent. The work carried out is complementary to
wireless research cannot be focused on a specifigireline (fixed) testbeds and removes the need for
component of the architecture, but rather the natlegl research projects to attempt to replicate testing
architecture (e.g. core network and access networkshvironments for research results.

combined). By providing integrated research through o i ; ; ; ;

distributed wireless testbeds, we will be ableltpgssist es:(rahk;ﬁsr:/r:’?le?wr': (I)Sf gelggmgg?u%?t V\Ilir;gesrgal,[@;t bg/edtgein

less developed countries to be able to benefit fests  igorent countries, and interconnecting these ubloan

pelrlfobrmed In realhcondltlo_ns In lreal test E\Ee,ds, (Z)PVG communication network such as GEANT. Provision
collaborate research areas in wireless networkseeet ¢ testing facilities is seamlessly integrated tiyio

various institutions to expand research spectrunbfih security, quality of service and mobility managemen

basic and applied research, and (3) to lower K@ )4 jes  with open access to R&D institutions and
expenses of infrastructure funding on researchbeds. Research projects

d This a?proﬁach hgs bleen eﬁtexswely applied totﬁhe Participating test beds exist independently of this
omain ot software development. AS a CONSEqUErEI. (N ) anqration, leveraging additional national aedttbed

are many advanced human-computer interaction @sear, ey funds as well as the local partnership liing
methodologies and techniques available to suppett a gayeholders from various parts of value chainsesgh

guarantee a user-centricity throughout the desigress oy ironments will support the creation of new seesi

[71. and emerging mobile and wireless concepts.

This pﬁper is organized an f?]"OWS: Se%tmnuh:il Will 1 this environment the Living Lab will continually
present the main components of the proposed acimés o\ 1ye and expand to satisfy changing wireless and

while section Il will discuss the implementatiddection service provisioning requirements and takes adgentd

IV will present test scenario, and lastly sectionwil test bed advances and Next Generation Network
present the conclusion. developments

Each interconnected test bed has Independent End
Users, ordinary “people on the street” as testtpis a
critical research validation element in this trdstend
secure environment.

The initiative significantly reduces infrastructuaad

I MAIN COMPONENTS

A. Requirements

The Mobile Communications & Technology Platform
[8] (the CEOs of 14 major companies involved in the, .. v
mobile communications sector) identified key issaed tS%stlhn.gt. cg?es(tjsneftororlilll)f gy'styr:mzmrgelegs tcecéigglgg and
major steps to be taken by both industry and gowemn, b '_ o W ) xisting wi o
with a view to assuring the success of 3G mobile The initiative builds on and deploys existing and
broadband communications, and the sustainablehheflt €Merging research results (such as the SEINIT's [9]
the sector going forward. They have identified that security framework & OPIUM's [10] Middleware for

» For the EU to regain the lead that it has achievewterOperablllty) to facilitate rapid deployment.

in GSM technology, bodies such as ETSI and m
3GPP must find effective ways to keep pace with '
technological evolution and to streamline This open test bed infrastructure, which we likecad
mechanisms to  achieve network/devicethe wireless playground, provides the basis for eser
interoperability. trials, 3G system component testing and interopiésab
ents. Our wireless implementation is illustraied-ig.
: o ; : - The architecture provides different researcreligpers
for !nt? roperability by inter alia defining a various capabilities to perform tests not limitedservice
profile’ of functions needed. ; X ;
i creation, but also various networking protocolsttha
* 3G mobile broadband marks a step change frorgypport wireless networks. As shown in fig. 1., the
GSM. It will increasingly become a wjreless playground is organised in a hierarchmarlay
architecture connecting distributed managementepiaat

IMPLEMENTATION

» European industry should meet end user deman?



combines heterogeneous wireless testbeds that areltis at this layer that a unified call state modsich is

geographically distributed at various locations. presented to the Service platforms and middlevayer]
Each test bed contains a profile that is locatecain independent of the media type used for carryingvtiee

Directory Repository (DR), which contains infornuati ~ ©Or data.

about the different access technologies, transport

protocols, and service platforms Supported by feeisic 3) Flexible Services Platform & Middleware

site. Fig. 1, shows an example of two managementesl For maximum agility in service access and delivery
geographically located in different locations. ite #, the capabilities, dynamic service aggregation, subgorip
profile consists of Parlay X service platform supd by panqiling, and ‘services provisioning for the arditee,
Mobile IPv6, IPv6 and SIP protocols while site Bpgarts  5nq ynderlying technologies the testbed uses SIP,
OSA Parlay service platform with DVB, IPv6 and v4 |\/camel. OSA Parlay, Parlay X, IMS, SIP AS, CTI
protocols. The profile also describes the differaotess  Aaa push- to-talk on top of "an all IP network
networks for each test site (e.g. site A SUPPOMERS, infrastructure. The main idea is to be able to eshhese

WLAN whiles site B supports WMAN, Bluetooth, and patform and middleware components within the nekwo
UMTS). Partners are able to view various test bediles ;5 shown in Fig. 1. For example, if a developerdage

and capabilities of the different testbeds in ortdeselect o\ojuate a particular service on both OSA Parlag an
the most appropriate to perform testing. Once @P&E  paray X the service can be tested on both sind B.
have selected the most appropriate test bed legady  ror each of the tests, developers can analyze the

can be submitted to repositories (service repgsitBR) PP
and execute their code while monitoring their céljpss ?S,r\;?)rrgﬁﬁgg et)?égﬂggn.the Remote Monitoring  Interface

through the Monitoring Facilities (MF) remotely. As

described in the introduction, developers are inutdd to

only analyzing performance of services executing on 4) Effective Network Management and Control

various service platforms but may also extend to System technologies for the Network Management

reconfigure QoS infrastructures to analyze the adtw environment are in place and focus on an innovative

protocol support for the services (e.g. modifyindgfderv ~ platform enabling different management distribution

routers for different traffic class and analyzingstrategies and catering for effective co-operative

performance of services under different class caimgs). management by multiple management systems. This is
This wireless playground consists of: accessible through the Remote Management Interface

. . which provides access from both individual users to
1) Multiple Access Technologies and End Systems monitor the current system or peer monitoring syste

The testbed includes access technologies such : _ ;
GSM/GPRS, UMTS, WLAN. W-MAN, Bluetooth, WLL Berforming co-operative management tasks.

and connect to core networks supporting IPv4, IPv6,
MobilelP, and Digital Video Broadcasting (DVB) 5) Evaluation and co-creation by the real consumer,
Terrestrial & Satellite protocols. This is by nauocal in  the End User

the coverage area of the specific access technology The test facility is enhanced by means of a human
assumed that these access technologies can zedio  resource component - an end user community willong
that end users can access services in their daily | participate in application testing. We call thessope

Test pilots and the centre has added a behavioral
evaluation service related to those users. Thrdhgico-
] creative approach, test pilots are involved eanlythe
7 s service creation phase in order to cater for thegds and
— preconditions for use. Together with the end utieree is
D Nework a need to make use of interdisciplinary competenca

I

Legend
Service platform

Protocol

‘ h wide spectrum of areas, like behavior of humans,

A® ey & WaCGIED) economics, attitudes etc. In this respect thebteds often

_ == [Partay 05A] (sw) utilizes competence to be found on universitiesesearch

B institutes.
/
@ 6) Toolsfor Testing, validation and management

A rich set of evaluation methods are in place for
@ technical testing measurement and human related

evaluations of applications. Test bed validatiodludes

) . the design and execution of systematic tests for
Figure 1 The Wireless Playground conformance, interoperability, — performance, and
scalability. Test development tools are used toebigv
advanced test suites for selected target systems.

2) Unified Communications Infrastructure

Each access technology has its own individual 7) Service Development
switching function manager (SM) which administers In order to support the service development and
individual call legs of that technology, accommaagt experimentation, the test beds can support toasSPK
different media types, whether they are switchedudis for the various platforms and components being made
or IP streams. available at the facilities. As shown in Fig. 1rvee



developers are able to submit legacy services racse These trial site architecture covered the following
repository and execute the services while monigpthre  layers:

results remotely during service execution. - Multiple Access Technologies and End
Systems
8) Code Repository - Service Development
The distributed testbed also supports softwareerdas - Flexible Services Platform & Middleware

allow partners an opportunity to access pre-exgstin The trials were carried out in two phases. PhaddHe
software to perform tests. This not only saves uesgs trial used separate trial islands where the tital swner
for developers but at the same time expands tlearels managed each trial. This meant that individual sites
horizon and further open opportunities for collaitive  were set-up and tested, with the overall feasjbiit 3G

research between different partners. communication and service concepts demonstrated.
Phase Il of the trial was more comprehensive and
IV.  SCENARIO complex as it concentrated on the validation of-&ndnd

An initial example of the integrated wireless testb service mobility, interoperability and roaming dtdas
can be seen through the EU IST project OPIUM [To  through the interconnection of open middleware
goal of the project was to support the acceleratéidut  platforms, focusing on a Pan-European trial.
of commercial mobile services within Europe by In Phase Il different possibilities for interworkin
addressing the key issues of interoperability, iogrand  between individual trial sites in various layers swa
billing prior to the delivery of commercial service demonstrated. Test Cases were prepared for theetest

In this context the project set out to validate-emend ~ connections and trialled with both OSA/Parlay agation
service mobility, interoperability and roaming gibas ~ portability and 3G roaming. In doing so, it was riduthat
through the interconnection of open middlewarefptats ~ roaming was transparent for the application pragide
based on OSA/Parlay. allowing the subscriber to use their applicationisilev

The focus of the trial(s) within the project, waset r0aming as if they were attached to their home ogtw

provision of new applications specifically createdtake ~ In performing these trials across the Pan-European
advantage of the unique characteristics of the-bigred  integrated testbed it was proved that Parlay wds &b
wireless networks. An example of a particular aggilon ~ provide a flexible, standardised way of implemegtin
trialled was Enago iMAPs, an enago service based o#ervices. Once ported these services could be imsed
GeoPlaneta iMaps applications and offering mappingnany network environments.

services based on information provided by the user Based on the trials, the OPIUM consortium made a

(address, city,etc.) or based on the actual usatitm. number of  recommendations, examples of which
In order to carry out the trial, the OPIUM project includes:

developed an  architecture for internationally - All applications used by the roamer should

interconnected trial sites. request services and information from the

Home Parlay gateway. The rationale behind is
that the main profile of the user is at the HSS
) (always located at the Home network) and this
OPIUM Testbed Architecture profile can only be accessed by the Parlay
gateway of the Home network. Any other
business model would be very complex.

- If the application requires information that can
only be obtained or gathered by the Visited
network (e.g. location information), the Home
network should be responsible to get such
information and send it to the application
through the Parlay gateway.

- Operators and application providers should
work towards simple billing solutions and

I models which do not generate large amounts
® of data.

e On the results of the project the Parlay group
referenced OPIUM as an important demonstration of
Parlay capability and used the results as parhefsales
pitch to Operators and value added service prosideris
was supplemented through the Phase Il tests obusri
solutions on the integrated testbed. The integregsithed
Ol Tatmioges G 202 i antnn i has provided a swift solution towards the project's

significance in removing key barriers to adoptiow dhe
uptake of Parlay, namely fears over portability,

(hinesetestbed  Portugal testbed  Spaintestbed  Barlin testbed

Figure 2 OPIUM Inter Trial Site Architecture interoperability and roaming. Indeed it turns dattthese
OPIUM consisted of five trial sites in five coues fears would have been justified as when the prajected
(Portugal, Germany, Spain, UK and China). these issues had not been sufficiently examineddriay

vendors.



V. CONCLUSION

The objective of the Living Labs approach is toeext
existing e-Infrastructures into the wireless dinensand
to take a user-centered approach which places @aspe
emphasis on the need to develop mobile servicesatha
usable, i.e. effective, efficient and satisfyinguse, and
has full end user integration in the creation aalithation
process. This will result in a mobile research emvinent
where:-

(1

(2

» Researchers have 'Open' access to a powerful,
flexible, and evolving federated wireless test
bed infrastructure interconnected by a fixed
IPV6 backbone based on national wireless tegg;
bed hubs.

» The need has been removed for separate,
duplicated wireless testbed investments to
support R&D projects, European Industry, and[4]
Academia.

» Interoperability of services and service
provision environments (including roaming
across heterogeneous networks) are validated;
research approaches are verified; and take-uB]
is accelerated.

» Real End users participate actively in the
validation of a complex wireless environment
of mobile intelligent, adaptive and self- (6l
configuring services that demand seamlessly
accessing anywhere, anytime and in any,
context in a trusted and secure environment.

Development of this mobile/wireless e-Infrastruetur 5
interconnected and secured on a global level esdult (8]
in an improved mobile/wireless research environmen[(g]
for the academic and commercial community,
especially in the areas of communication Services &g
Applications development, existing wireless teside
Standards bodies, and Research Communication
Networks such as GEANT.

It will form the technological base and make wissle
technology for Living Labs in which a wide area of
projects can be conducted. A world-class technology
platform will enable the focus of projects to beved
to social, experience and value issues of service
development.

It has and will continue to lead superior cooperati
between research and industry, providing roadmags a
strategic guidance for future networks, speedier
incorporation of technology & take up of wireless
research.

The Living Labs approach will give SMEs an edge in
the global market and reduces barriers to entry for
innovative ICT solutions.

At the time of writing, Living Labs comprises of a
nucleus of partners TSSG Waterford, CDT (Testbed
Botnia), University of Bremen, Helsinki School of
Economics and the Turku region, InfoPark and the
Budapest region, the Freeband initiative in the
Netherlands operated by Telematica Instituut among
others. Associated partners also include ATOS Origi
IBM, Nokia and Ericsson.
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