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Introduction

Europe has enormous knowledge and 
industrial assets as well as one of the 
world’s largest markets. More than ever, 
partnering of Nordic and Baltic coun-
tries at a European level is needed to 
keep pace with soaring research costs 
and increasingly complex and interde-
pendent technologies.

Increasing competition on a global 
scale, with the accelerated globalisation 
of markets and an ever faster pace of 
technological change, gives the Nordic 
and Baltic countries, as part of Europe, 
no other choice than to mobilise their 
resources and focus them on key ele-
ments of the value chain to attract in-
vestment. Development is driven by the 
interaction between technical and socio-
economic changes, thus to lead progress 

in ICT, it is essential to improve innova-
tion performance and address related so-
cio-economic challenges. 

On the technical side, progress and 
breakthroughs in ICT are driven main-
ly by continuous miniaturisation of elec-
tronic components and new integrated 
and embedded multi-functional systems. 
Performance and reliability of underly-
ing electronic components and systems 
must be increased. Further, accelerated 
digital convergence of communications, 
computing and media technologies im-
plies the need to make network and serv-
ice infrastructures more stable, predicta-
ble, scalable and secure.

The increasing need for systems that 
can contextualise, learn and act auton-

omously is another research-driving fac-
tor. ICT systems need to be able to better 
learn from observation and experience, 
adapt better to the context in which they 
operate, and become more personalised 
and user friendly. An ever growing load 
of information and content and increas-
ing demands for knowledge and skills 
require progress in the way we create 
and publish digital content and in the 
way we can effectively search for, discov-
er and make use of it.

Mobile communications have evolved 
from a rare and occasional service based 
on expensive pieces of equipment used 
mainly by the business sector to an in-
tegrated part of daily life based on per-
vasive low-cost personal items. In many 
countries, mobile phones now outnum-
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ber land-line telephones, and the mo-
bile phone services portfolio is constant-
ly expanding. 

Mobile technology development dur-
ing the last two to three decades has 
been one of the major trends in the mas-
sively changing ICT landscape. Mobile 
technologies enable mobility and flex-
ibility in the use of ICT services and 
have changed relations in social life and 
production. Within this development 
the Nordic countries have been very vis-
ible as advanced markets and the Nordic 
mobile industry has been a prominent 
actor and driver. Mobile communica-
tion, however, increasingly embraces 
a range of converged services especial-
ly related to the development of wire-
less standards and the new generation 
of mobile technologies. This definitely 
challenges the role and position of the 
Nordic countries. A number of positions 
and strongholds acquired during the 
build-up of digital mobile technologies 
set the Nordic region apart from the rest 
of Europe. If the region can use this to 
create convincing next generation tech-
nology solutions, products and servic-
es, then it may be able to regain some of 

its position and emerge as an advanced 
market and actor in the ‘beyond 3G’ de-
velopment. This potential could be rein-
forced by broadening cooperation to the 
whole of the Nordic and Baltic area.

Historical Factors for the 
Continuous Growth of ICT 
in the Nordic Countries

Mobile communication started in the 
United States (US) in the 1940s with ra-
dio phones in cars. The next step was 
hand-held cellular radio devices – also 
based on analog technology – available 
since the beginning of 1980s.

In 1980, the mobile cellular era be-
gan, and since then mobile communica-
tions have undergone significant chang-
es and experienced enormous growth 
(Ojanperä and Prasad, 2001). First gen-
eration mobile systems using analog 
transmission for voice services were in-
troduced in the 1980s. Several standards 
were developed: Advanced Mobile Phone 
Service (AMPS) in the US, Total Access 
Communication System (TACS) in the 
United Kingdom (UK), Nordic Mobile 
Telephones (NMT) in the Nordic coun-
tries, Nippon Telephone & Telegraph 
(NTT) in Japan, and so forth (Ojanperä 
and Prasad, 2001). The mobile market 
during this era was obviously very frag-
mented with a variety of standards used 
in different countries. 

With NMT, a joint development be-
tween Denmark, Finland, Iceland, 
Norway and Sweden, the Nordic coun-
tries acquired a prominent position for 
first generation mobile. While Swedish 
industry was the dominant partner, 
Finnish and Danish industries in par-

ticular, along with the incumbent oper-
ators in the five countries, were all in-
volved as very active players in a mutual 
collaboration. The combination of high 
income with specific geographic and so-
cio-economic conditions no doubt con-
tributed to the development of the de-
mand side of the mobile market.1 

Because of market fragmentation, ef-
ficient harmonisation and interoperabil-
ity/roaming were either a non-issue or at 
best a very complicated process. With 
the emergence of the Internal Market in 
the EU, this was seen as a huge prob-
lem for Europe. Driven by the need for a 
common standard and the creation of a 
single mobile market, the late 1980s saw 
the introduction of second generation 
systems using digital transmission and 
characterised by higher spectrum effi-
ciency, better data services and more ad-
vanced roaming. In Europe, the 2G sys-
tem was the Global System for Mobile 
Communications (GSM). Although the 
goal was a single mobile market, the re-
sult was still a fragmented one, although 
less so. GSM has had enormous success 
within and beyond Europe, even in coun-
tries where there are a number of oth-
er competing standards. With respect to 
optimal utilisation of frequency resourc-
es, digital technology uses transmission 
resources efficiently due to advances in 
both audio compression standards and 
digital modulation technologies. 

In the Nordic countries, conditions 
that had promoted the growth of the 
first generation market also created ad-
vanced 2G/GSM markets, but it was ear-
ly fixed line liberalisation that elevated 
the Nordic GSM markets above main-
stream Europe. In the early 1990s, the 
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Nordic incumbent operators developed 
very strong cellular arms, which are still 
highly dominant on the GSM market. 
During the late 1990s the Nordic tele-
com regulators generally tightened sur-
veillance on the incumbents to ensure 
that competition in mobile services was 
stimulated and that the incumbents did 

not receive any favours. The result was 
competitive markets with a high mo-
bile penetration at a relatively early stage. 
An International Telecommunication 
Union (ITU) study in 2002 highlight-
ed Denmark’s leading European posi-
tion in competition and pointed to four 
reasons for this: 1) early liberalisation of 
the telecom market, 2) technological in-
novation, 3) high general income levels, 
and 4) regulatory activity (ITU, 2002).2

The very competitive market could, 
however, be claimed to have worked 
against maintaining the Nordic position 
as a mobile pioneer in the 3G market 
as well. With respect to innovation and 
R&D in Beyond 3G, the Nordic posi-
tion looks more promising for a variety 
reasons.

R&D and Liberalisation

Telecom liberalisation generally re-
sulted in the dismantling of opera-
tors’ research and development depart-
ments, implying that operators were 

no longer among the primary actors in 
2G. The equipment industry, including 
Ericsson and Nokia – a rising star at the 
time – took over in collaboration with 
universities. The significant positions of 
Ericsson and Nokia implied an impor-
tant role for the Nordic area in 2G devel-
opment. Even Denmark, without global 

level industrial mobile players, contrib-
uted to the overall development through 
advanced university research in collab-
oration with the global industrial play-
ers.3  At Aalborg University, the Center 
for PersonKommunikation (CPK) re-
search centre, in collaboration with lo-
cal branches of the global players and 
SMEs, delivered some of the strongest 
antenna expertise at a worldwide lev-
el. The Danish Technical University 
commenced research focused main-
ly on backbone technologies and opti-
cal fibre technologies, and on integrat-
ed chip solutions for which functions 
and system knowledge are integrated, 
leading to single chip solutions, such as 
system-on-chip.

2G systems evolved towards 3G sys-
tems with more advanced services at 
bit rates of 100 to 200 kbps for circuit 
and packet switched data. These evolved 
systems became known as 2.5G (e.g., 
GPRS, EDGE). 3G systems were estab-
lished with advances in flexibility, data 
rates, the possibility to offer simultane-

ous multiple services for one user, and 
services with different quality of service.

Mobile network developments from 2G 
to 3G have been driven by developments 
in the equipment industry, but this time 
in a complicated international strategic 
set-up in which Japan, South Korea and 
also China have emerged as strong play-
ers, backing their respective 3G stand-
ard versions: WCDMA, CDMA2000 
and TD-SCDMA. Ericsson and Nokia 
have favoured WCDMA, but the focus 
has been on making a difference global-
ly and thus there has been little room left 
for a specific and marked Nordic role in 
a 3G market on its way to a potential-
ly more fragmented state than the 2G 
market. The development towards 3G 
has primarily been driven by the lack of 
frequency resources for 2G to cope with 
the rapid development and penetration 
of mobile services and the need for new 
mobile services with varying demand on 
bandwidth foreseen by industry. These 
only emerged on the markets as mani-
fest trends during 2006. Nevertheless, 
research institutions and industry have 
engaged in exploring solutions in mo-
bile systems beyond 3G, and in this area 
Nordic countries are highly active. 

The Role of Universities 
and Research Centres 
in ICT Development

The importance of universities and re-
search centres comprises a wide range 
of aspects (Varga, 1997; Segal Quince 
Wicksteed, 1985). Here we focus on the 
role of Danish universities in boosting 
R&D in 3G and Beyond 3G mobile 
communications in the region.

A number of positions and strongholds acquired during the build-up of 

digital mobile technologies set the Nordic region apart from the rest of 

Europe. If the region can use this to create convincing next generation 

technology solutions, products and services, then it may be able to 

regain some of its position and emerge as an advanced market and actor 

in the ‘beyond 3G’ development. This potential could be reinforced by 

broadening cooperation to the whole of the Nordic and Baltic area.
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Even if Nordic research institutions 
have not been the driving forces in the 
development of 3G platforms, there 
has been a clear enhancement of mo-
bile competencies by these institutions. 
It has been recognised that universities 
have a more direct and formal way of 
transferring ideas, knowledge and ba-
sic research from the university into in-
dustry practice. This began with various 
means of knowledge exchange, such as 
long-term university-industry research 
agreements, industry-financed contract 
research, or industry-sponsored uni-
versity research centres. The Center for 
Tele-Information (CTI) (now known 
as the Center for Information and 
Communication Technologies – CICT) 
was an early example, set up as a joint 
venture between the incumbent tele-
com operator and the Danish Technical 
University (DTU) in response to de-
mands for new multidisciplinary com-
petencies among engineers in the new 
liberalised environment. This demand 
was formulated by industry/the incum-
bent, but also by the telecom regulator.

Significant developments for mo-
bile communications became visible at 
the European level during the 1990s 
as a result of ICT projects funded un-
der the European Framework 
Projects, initiated in the 1980s. 
It was evident that interna-
tional technical projects like 
these played an important role 
in improving competitiveness 
and strengthening Europe’s 
position as a leader in mobile 
communications. This was also recog-
nised by Danish governmental bod-
ies, and in January 2004 the Centre for 
TeleInfrastruktur (CTIF) was estab-

lished at Aalborg University with com-
bined funding from Nordic and other 
industries, the Danish government, and 
the FP6 EU research programme. 

Center for Information and 
Communication Technologies (CICT)

CICT is a continuation of the CTI, 
which was set up as an initiative of DTU 
and Tele Danmark (the incumbent tel-
ecom operator) with primary funding 
from these institutions in 1994. The idea 
was to provide a focal point for multi-
disciplinary research and training in the 
new field of ‘tele-information’. The initi-
ative was based on discussions with in-
terested private and public parties within 
the sector, concluding that new techno-
logical and social tendencies within the 
area of telecommunications created new 
challenges to be addressed. It was recog-
nised that these challenges could not be 
efficiently met with solutions from tradi-
tionally separated scientific disciplines. 

In 2004 DTU decided to found CICT 
based on CTI’s results in cooperation 
with industry. The Centre provides a fo-
cal point for multidisciplinary research 
and training in ICT applications. The 
principal aims of the centre are to de-

termine and analyse the basis for new 
ICT applications; to analyse and devel-
op ICT applications and the framework 
and strategies for their implementation; 

and to analyse and suggest policies and 
regulation related to emerging ICT ap-
plications, including the economic, so-
cial and cultural implications of their 
introduction. The CICT presently has 
approximately 35 employees. 

Centre for TeleInfrastruktur (CTIF)

CTIF is a research centre with more 
than 130 employees organised into ten 
research groups, conducting research 
at the highest international level to en-
hance technological development in 
modern wireless communication tech-
nologies and telecom infrastructures. 
The CTIF maintains strong relations 
with industry for carrying out research 
and developing new types of networks, 
devices and services.

Future broadband networks, wired or 
wireless, need to adapt according to user 
demands. The vision therefore is to pro-
duce a knowledge base to meet the in-
creasing need for reliable and fast access 
to broadband and connected services, 
for everyone, anywhere, at anytime.

The future will offer ubiquitous and 
unlimited-capacity communication net-
works. These could be defined as cost 

effective, re-configurable and 
flexible mobile and broadband 
network technologies, systems 
and architectures, including 
terrestrial and satellite net-
works. Convergence of differ-
ent fixed, mobile, wireless and 
broadcasting networks and 

services spanning from the personal area 
to the regional and global area will play 
a major role, through the interoperabil-
ity of wired and wireless communica-

The very competitive market could, however, be 

claimed to have worked against maintaining the Nordic 

position as a mobile pioneer in the 3G market as well. 

With respect to innovation and R&D in Beyond 3G, 

the Nordic position looks more promising for a variety 

reasons.
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tions services and applications. Key fo-
cus areas for achieving this vision will be 
the management of networked resources, 
service re-configurability, and the com-
plex networking of ad hoc intelligent 
multimedia devices, sensors and micro-
chips, and personalisation. All this will 
require enhanced cooperation 
among industry players, the re-
search community, and public 
authorities. This is the basic un-
derstanding and driving force 
behind the CTIF’s activities and 
research policy.

CICT and CTIF

The two centres thus have differ-
ent strongholds, but work within 
the same general area and com-
plement each other. Combining 
their respective competencies, they are 
active in research and development of 
Beyond 3G and 4G technologies. 

Among the various national and in-
ternational research projects and ac-
tivities in which they are involved, the 
EU-funded MAGNET Beyond project 
is particularly worth mentioning. This 
project is a continuation of the EU-fund-
ed MAGNET project, an Integrated 
Project type of instrument with CTIF 
as the coordinator and lead participant. 
The overall budget is around EUR 30 
million, of which 10.2 million is funded 
by the EU and the rest by the involved 
industry corporations and SMEs. The 
impact of two consecutive projects of 
this magnitude led by Danish academic 
organisations has resulted in worldwide 
promotion of the possibilities of Nordic 
countries.

The project acronym stands for ‘My 
personal Adaptive Global NET and 
Beyond’. Some of the main focus areas 
of MAGNET Beyond are user-centricity, 
personalisation and Personal Networks. 
The overall concept of MAGNET 
Beyond is shown in Figure 1. 

Figure 1: Concept of MAGNET Beyond
Source: IST Project MAGNET Beyond

Personal Networks (PN) potential-
ly comprise all of a person’s devices ca-
pable of network connection in the real 
or virtual vicinity. This requires major 
extensions of the present Personal Area 
Network (PAN). PNs are configured in 
an ad hoc fashion, as the opportunity 
and the demand arise to support a per-
son’s private and professional applica-
tions. These applications may run on a 
user’s personal devices , but also on for-
eign devices. PNs consist of communi-
cating clusters of personal digital de-
vices, possibly shared with others, and 
connected through various suitable 
communications means. Unlike PANs, 
with a limited geographical coverage, 
PNs have an unrestricted geographical 
span, and may incorporate devices into 
the personal environment regardless of 

their geographic location. In order to ex-
tend their reach, they need the support 
of infrastructure-based and also ad hoc 
networks.

MAGNET Beyond is not only about 
developing advanced technology; the 

project aims to improve the 
quality of life for users by 
introducing new technolo-
gies that are better adapted 
to their needs. This research 
makes environments smart-
er, more responsive, and more 
accommodating to the needs 
of the user, without jeopardis-
ing the privacy and security of 
the individual. A unique fea-
ture of MAGNET/MAGNET 
Beyond is the integration of 
user requirements, which play 

a determining role in the development 
of the new technologies. This is primari-
ly a result of the close collaboration be-
tween the CICT and CTIF. 

Further Nordic University-
Industry Interactions

The CICT/CTIF collaboration has re-
sulted in a number of further initiatives, 
including several that use and enhance 
the Nordic dimension. A prominent ex-
ample is NordICT.

NordICT

The NordICT initiative is a network 
established to enhance collaboration be-
tween industry and universities in the 
Nordic and Baltic region within ICT. 

As discussed above, Nordic research 
institutions have a strong track record 
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in mobile and wireless communication, 
based on close relations between indus-
try and universities, mostly along na-
tional lines. Communication systems 
are, however, becoming extremely cost-
ly to develop, and the underlying re-
search questions are correspondingly be-
coming very complex. It is already very 
difficult today for the universities in the 
rather small Nordic/Baltic countries to 
deal with the full range of research ques-
tions that need to be answered as a ba-
sis for a modern communication system. 
Completely new research questions are 
increasingly becoming relevant, with an 
ever higher degree of complexity and 
associated costs. Industry – and soci-
ety – want to know about the user re-
quirements of these new systems, the as-
sociated system requirements, and how 
this translates into business models. 

Developing these competencies re-
quires mobilising resources at a level 
that cannot be met by any of the indi-
vidual countries. But with NordICT, it 
could be possible to contribute to mo-
bilising the necessary resources in a fo-
cused and collaborative effort among 
universities in a new approach towards 
research development, knowledge shar-
ing and networking. NordICT has been 
established to provide a platform for this 
effort. 

Conclusion 

It is argued that Beyond 3G mobile 
communication systems will comprise a 
more diverse set-up, consisting of a varie-
ty of heterogeneous systems working to-
gether in more or less transparent ways. 
They will be fully seamless with an em-
phasis on secure mobility, leading to a 

need to rethink the mobile access struc-
ture and the business models involved. 
It is likely that there will be room for 
smaller and medium-sized players in the 
various markets for devices, applications 
and services. 

Development of such systems requires 
a multidisciplinary and user-driven ap-
proach. On the basis of its established 
research traditions and institutions, the 
Nordic and Baltic area could be a driv-
er in advanced mobile and wireless sys-
tems. This role is likely to be very differ-
ent from the one played by the region 
in the first generation and 2G systems 
based on standardised technology sys-
tems. In the Beyond 3G setting we will 
see solutions based less on specific tech-
nologies and more on interoperability 
and new business models. This calls for 
strong industry-university collaboration, 
and as shown above, there is already a 
well-established network upon which 
to base the (re)emergence of the Nordic 
and Baltic area in a prominent position 
in future mobile research.
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1  
In Finland, Norway and Sweden geography has been seen as a crucial factor promoting mobile 

growth. A small population spread over a large landmass made fixed-line connections difficult and cost-

ly. NMT was a convenient alternative and although costly for the individual, many could afford it. In 

Denmark, without the extremes of terrain, the easy availability of mobiles (NMT) spurred the uptake. 

2  
There are certainly differences between the Nordic countries, but the characterisation as advanced and com-

petitive is substantiated in, for instance, a 2006 report from the Nordic telecom regulators, ‘Competition 

and regulation in the Nordic mobile markets’ (Nordic National Regulatory Authorities, 2006).

3  
This puts Denmark in the top rank for telecom sector innovation amongst 

European countries (Telestyrelsen, 2003; Skouby et al., 2003).


