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Purpose of this document
The purpose of this document is to outline the impor-
tance and potential of research and development of 
wireless communications technologies to the Finnish 
society and the Finnish industry. It also presents a vi-
sion for Finland for the next 10 years and defines the 
actions that are needed to carry out this vision.

Allied ICT Finland: Background
Allied ICT Finland (AIF) is the biggest Nordic ICT research, 
development and innovation alliance. AIF is a national 
alliance that brings together Finnish ICT competence 
from the research and the business sectors.
 
AIF-partnerships
• 18 universities and research organisations
• 9 ICT cities represented by development companies
• 1200+ companies working in the ICT sector
• 13 national-level ecosystems

AIF’s activities
• Hub of expert competence
• Strategic openings and investments
• National spearhead projects
• Sharing of research, development and innovation 

infrastructures
• International business partnerships
• EU and other international research collaboration
• Financing services and sparring from research to 

business

Aiming for impact
AIF’s network of universities, research institutes, busi-
ness developers and cities brings together regional and 
sector-specific competence, resources and needs.

Business collaboration as Finland’s key 
resource
The companies belonging to the network provide inter-
national product and service solutions for various in-
dustries.

Shared agility and platform economy 
modules
AIF utilises the latest operational models, existing re-
search and the capacities of universities and research 
institutes in a coordinated manner.
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Abbreviations

AI  artificial intelligence
AR  augmented reality
B5G  Beyond 5G, 5G evolution
BF  Business Finland (formerly Tekes)
FP9  Framework Programme 9, (the 9th Framework Programme of the European Union)
HW  hardware, the physical equipment
IoT  Internet of things
ML  machine learning
NFV  network function virtualization
RF  radio frequency
SW  software
VR  virtual reality
RDI  research, development and innovation



Digitalisation and the 
role of the ICT industry in 

Finland 2019-2029
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Wireless communications in Finland (2019-2029)

The digitalisation trend reshapes today’s labour 
market substantially. As companies update 

their change management and workforce strat-
egies, they have a genuine opportunity to utilise 
the latest technologies. Many job roles will be up-
dated, or will be superseded entirely. The devel-
opment of competence will be the key to success 
also in the future.

Allied ICT Finland, the partner network of Finn-
ish education and research institutes, cities and 
companies, has analysed the potential of the ICT 
industry and the digitalisation trend in Finland 
moving into the 2030s. It has studied the role and 
the combined impact of key ICT sectors from the 
perspective of the industry’s internal develop-
ment and competitive ability, and from the point 
of view of the development of individual fields of 
application. The results of the study highlight the 
importance of joint development and synergy in 

four principal areas of focus and spheres of appli-
cation:
1.  Wireless technologies and communication net-

works
2. Software development
3. Cybersecurity
4. Artificial intelligence

These sectors need to be developed in collabo-
ration, seeking to produce new added value in 
various spheres of application, such as the devel-
opment of health technologies and solutions for 
personalised care needs, the development of the 
competitive ability of production facilities, the de-
velopment of digital services for cities and other 
organisations, and the monitoring and impact as-
sessment of atmospheric changes in climate work.
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Fast (near-instantaneous), secure and reliable 
wireless communications networks and the digital 
information relayed through them open numerous 
opportunities for new services and innovations. 
Together with software, artificial intelligence and 
cybersecurity, wireless communications forms a 
shared platform for digitalisation. Finland already 
holds a strong position in 5G research and com-
mercialisation: key drivers include substantial 4G 
and 5G radio technology expertise and business 
competence, a flagship company (Nokia) with an 
extensive partner network, and the availability of 
test environments and networks for the develop-
ment of new wireless technologies and applica-
tions. Within the next 2–3 years, Finland has po-
tential to become an important actor in business 
models that employ 5G solutions. Within the next 
3–5 years, a strong position can be achieved in 
Beyond 5G technologies and research of smart 
networks and 6G. Within the next 10 years, the 
commercialisation of 6G and smart networks offer 
considerable opportunities for Finland.

In a digitalised world, all business is software busi-
ness. Platform economies are entirely depend-
ent on software. All new business initiatives need 
new software, and in digital business all business 
changes are implemented through software. Six of 
the world’s biggest businesses are software com-
panies. Even the traditional industry is becoming 
more and more driven by software. 80% of new in-
novations in the car industry, for example, are im-
plemented through software. Software develop-
ment and production form an important industry 
that provides employment for more than 100,000 
people in Finland. Software could also become a 
very important export product – potentially to up 
to 20–30% of Finland’s exports. As the industry 
grows faster than the overall economy, important 
changes may occur within one decade.

1 2
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Artificial intelligence is considered one of the key 
technologies of the century and a major change 
driver that is expected to improve the produc-
tivity and the competitive strength of companies 
and nations. In the development of new ways of 
improving productivity and refining the results 
of information access, the role of computational 
analysis, data mining and cloud-based smart ser-
vices become more important. Analytics company 
Gartner has estimated the value of the artificial in-
telligence market to be 3.9 billion dollars in 2022, 
and for example Accenture has estimated Finland 
to be one of the major winners in the sphere of 
artificial intelligence applications, expected to po-
tentially gain up to up 2.0% in annual cumulative 
growth of the national product. Advantages of 
artificial intelligence to the national product are 
achieved by applying it extensively to the develop-
ment of new business and the restructuring of the 
public sector. Existing artificial intelligence applica-
tions include natural language processing, pattern 
recognition, expert systems, robotics and enter-
tainment applications. All current and emerging 
innovations depend on constant development 
and renewal of expertise.

In an increasingly technical world, cybersecurity is 
a key part of overall safety and security. Financial 
losses caused by cybercrime alone are estimated 
to increase to 3,000 billion dollars worldwide by 
2020. Both the public and the commercial sector 
need to invest more into the prevention of cyber 
risks. According to Forbes, the value of cyberse-
curity products and services was more than 114 
billion dollars in 2018 – up 12.4% from the previ-
ous year. This year the value of the cybersecurity 
market will be 124 billion dollars, and it is expect-
ed to increase to up to 170 billion dollars in 2020. 
The cybersecurity industry currently employs ap-
proximately 6,000 employees in Finland, and has 
a turnover of approximately one billion euros. The 
industry is expected to see rapid growth in the 
coming years.

3 4
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Government platform

Analysing the operational environment and the 
strategic choices of businesses from the perspec-
tive of the new government platform is very im-
portant. The new government platform will have 
considerable impact on Finland’s competitive ad-
vantage, the growth of the national economy and, 
consequently, the employment and the well-being 
of Finnish people. A crucial factor here is the main-
tenance and development of active and innovative 
research and development initiatives. Creating 
high-added-value jobs and attracting investments 
into the development of high technology play an 
important role for Finland’s future.

In long-term projects, the prediction of technolog-
ical developments and the ability to plan projects 
for the technological environments of the future 
become very important. As the speed of techno-
logical development increases constantly, plan-
ning processes have to be dynamic and need to 
adapt to constant change. This is especially impor-
tant in social and health care projects, in the de-

velopment of public digital services and in traffic 
and infrastructure projects that have long physical 
construction times, such as railway projects.

Allied ICT Finland (AIF) offers its entire research, 
development and innovation potential to the sup-
port and development Finland’s competitive ad-
vantage and economic growth. The AIF partners 
offer world-class expertise and information based 
on scientific research. AIF considers close and di-
rect connections between researchers and deci-
sion makers of great importance. Because of the 
accelerating pace of technological development, 
activating the dialogue on the future outlook of re-
search and development initiatives, opportunities 
and financing needs is now called for. Members 
of the AIF hope that these factors are taken into 
account when negotiating the new government 
platform, and that appropriate policies and im-
plementation plans are put to place to ensure the 
future of Finnish expertise, positive development 
of the employment situation and competitive ad-
vantage.
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Introduction: 
Scope and impact
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Fast (near-instantaneous), secure and reliable 
wireless communications networks and digital 

information passed through them form a plat-
form for new services and innovations [Ministry of 
Transport and Communications]. Advanced data 
communications infrastructure and equipment 
produce important positive social and economic 
impacts on entire regions, fields of business and 
communities.

Wireless communications also plays a major role 
in the resolution of global challenges (Table 1). 
The Sustainable Development Goals defined in 
the United Nations’ Agenda 2030 depend on smart 
data communication networks and functional 
communication technologies to support the digi-
talisation of the society and the economy in de-
veloping and developed countries. To highlight the 
importance of data communication systems and 
networks, the UN’s Broadband Commission for 
Sustainable Development has set a global broad-
band adaptation goal of 75% (including both fixed 
and wireless broadband) by 2025 [SD2025].

In order to respond to the global challenges (see 
above), a service implementation platform based 
on flexible, high-performance, secure, cost-effec-
tive and autonomous smart networks is required. 
This calls for integration of communication, com-
putation and control capabilities and an evolution 
of 5G technologies. New platforms enable the 
creation of new jobs in the service industries and 

improvement of the data security of European cit-
izens in terms of data, algorithms and access keys.

Wireless communications therefore plays an im-
portant role in enabling the potentials of several 
other ICT industries. The evolution of 5G, for ex-
ample, brings very short latencies (1 ms) and re-
liable communication, which in turn enables the 
use wireless communications in applications such 
as autonomous traffic, power networks and port 
automation [TT].

Smart, cost-effective and secure data communi-
cation systems and networks of the future (smart 
networks) will increasingly be based on efficient 
distributed data processing, artificial intelligence, 
machine learning and programmability [SN]. The 
goal set in Finland’s digital infrastructure strategy 
is to be a leader in the development and applica-
tion of next-generation mobile networks [Ministry 
of Traffic and Communications].

Wireless communications has considerable eco-
nomical impact. According to the World Bank, the 
availability of wireless broadband services acceler-
ates economic growth and increases employment 
[WB]. Wireless communications is also a key com-
ponent in digital platforms, and the economies 
connected to new digital platforms create add-
ed value to all participants and make substantial 
changes possible in the industry and in the society 
at large. For example, the application of IoT tech-
nologies in the automation solutions of various in-
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1. Improving of the overall quality of life

- Smart constructed environments
- Human-focused health care
- The future of work and the increasing role of artificial intelligence applications
- Improving the inclusiveness of the digital society

2. Ensuring of the overall safety of the society

- Securing of critical resources
- Cybersecurity
- Safe autonomous traffic

3. Needs of the restructuring industry

- Automation, robotisation, AI integration
- Utilisation of data and resources; co-operation between producers and consumers

4. Prevention of climate change

- Energy-efficient systems, products and production
- Smart, distributed, renewing, clean, low-carbon energy production
- Energy-efficient data communications

5. Global resource security

- Food production, recycling, clean water, cleantech

Wireless communications may help in resolving the following global chal-
lenges [GOIS]:

Table 1. Wireless communications and global challenges
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dustries would, according to some estimates, pro-
duce growth of 4,000 to 11,000 billion US dollars 
[IOT]. 

The proportion of information and communica-
tion technology of Europe’s gross national prod-
uct is significant: approximately 5 % (~600 billion 
euros). Data communication systems and net-
works account for 40% (€237 billion) of Europe’s 
ICT market, employ 28% of ICT employees (1.76 
million people) and receive 49% (€14.4 billion) of 
ICT research and development funding in Europe 
[DAS].  

The annual value of a fully functional digital inter-
nal market for Europe’s gross national product is 

estimated to be €415 billion [DSM]. On the whole, 
however, the digitalisation of the society is still in 
its early stages. Europe’s Digital Progress Report 
2017 [DPR], for example, estimates that only 20% 
of companies in the EU28 countries can be con-
sidered highly digitalised. According to a study by 
Accenture [ETNO], the value of business opportu-
nities created by digitalisation to European com-
panies is more than a billion euros per day. Smart 
wireless networks are a key enabler of digitalisa-
tion in all sectors of the society. Europe’s current 
wireless broadband penetration rate is more than 
72%, but the global figure is only 43% [GSMA].
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The content of this strategy publication is based 
on the views of the authors and the persons 

interviewed on the strategic questions below.

1. The importance of wireless communications 
for Finland.

a. The importance of wireless communications for 
research, business and the society at large?

I. Now
II. In 5 years
III. In 10 years

b. The global trends of wireless communications rel-
ative to Finland’s position (strengths/weaknesses/
threats)?

I. Now
II. In the near future (define a strategic time win-
dow, such as 1–3 years, for focusing action in well-
founded initiatives.)

c. Where should Finland be in 10 years from now? 
(Clear definition of objective.)

I. Clear 10-year target
II. Key milestones for e.g 1–3, 5 and 10 years to 
define the right trajectory as a nation

2. The position of wireless communications in 
Finland.

a. Strengths - what are we good at?
I. In research
II. In business
III. In public services

b. Identification of spearheads
I. Research strengths, infrastructures and agents
II. Commercial contributions, business volumes 
(number of companies, turnover, growth/start-up 
trends)
III. Spearhead sectors in public services
IV. State of the ecosystem

c. Items that need to developed, problems
I. The current situation versus needs [now – 5 
years – 10 years]
II. Peak versus long tail: Top talent and other 
competence needs
III. Training, employment, constant learning
IV. Infrastructures, tools and environments
V. Funding: amount, speed, transparency, im-
pact, allocation
VI. Legislation, regulation, openness, platform 
economy

3. Technology
a. Why is this technology important on a global scale?

I. Which global challenges and opportunities is 
this technology especially important for?
II. What is the market logic relating to this te-
chnology and when will the technology become a 
globally important business?

b. Which Finnish research institutes and companies 
can produce goods for the global market in this 
field of technology?

I. What are the Finnish competence areas and 
other strengths in this technology and its applica-
tions?
II. What are the concrete market opportunities 
and volumes for this Finnish competence?

c. What action is needed to leverage these opportu-
nities?

I. What action from research institutes, compa-
nies and the public sector?
II. What action from the AIF?
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This chapter focuses on Finland’s position in the 
sphere of wireless communications over the 

next 10 years. Finland’s strengths, development 
needs and the actions required are analysed from 
the perspective of research, business and the so-
ciety at large. 

3.1 Importance for Finland

As digitalisation proceeds, the importance of wire-
less communications increases constantly. This 
chapter reflects on Finland’s current standing 
against the foreseeable international trends of the 
near future.

3.1.1 The importance of wireless 
communications in research, business and 
the society at large

Table 2 shows a summary of the situation. As 
shown in the table, the importance of post-5G 
smart networks [SN] will increase in the next few 
years. Key features of smart networks include in-
tegration of connectivity, computation and control 
capacities, convergence of fixed and mobile net-
works, improved coverage, support for hundreds 
of billions of interfaces, different services and ver-
tical applications, automatic network functions 
and considerably higher performance in terms of 
radio and network technology. Edge computing 
will be used to bring distributed network functions 
closer to the users while simultaneously improv-

ing data security and energy efficiency, shorten-
ing response times and balancing network loads 
more efficiently.  

In Table 2, Smart Networks and B5G (Beyond 5G) 
refer to the same post-5G commercial concept. 
The key difference between the smart networks 
concept and 5G is more extensive integration of 
communication, computation and control capaci-
ties into the technologies of other business areas 
and into the business itself. In parallel with this, 
data transfer performance improves. The actual 
6G standardisation work will begin approximate-
ly 5 years after smart networks, and will contain 
more disruptive concepts and technologies, such 
as sensing and imaging applications based on data 
transfer using THz technologies. Figure 3.1 shows 
a predicted summary/roadmap for radio devices, 
radio networks, services, research, standardisa-
tion and regulation.

Figure 3.2 (a) shows the steady growth of the num-
ber of employees working in software production 
in the recent years. As many of the key functions 
of wireless networks are already software-based 
or are becoming software-based, software plays 
an increasingly important role also from the per-
spective of wireless communications. At the same 
time, the number of employees working in man-
ufacturing roles has decreased. Figure 3.2 (b) 
shows how the turnover of device production has 
decreased rapidly but has evened out again re-
cently. In addition to these trends, exports of data 



Research Business Society

Now Development of virtualisation 
solutions based on 5G technolo-
gies and their evolution (starting 
with 3GPP Rel. 16) accelerate; 
research of smart networks 
(Beyond 5G) starting especially 
in universities and research 
institutes.

Integration of satellite commu-
nications accelerates.

Commercial 5G solutions 
start spreading. However, 
adaptation of 5G to critical/
public safety communication 
business is slow for many of 
the new features.

Work on the 3GPP Rel. 
16 standard ongoing and 
preparations for the Rel. 17 
standard starting.

Internet services based on 
wireless communications (such 
as bank and mobile payment 
services) adapted widely by the 
general population.

In 5 years Academic and commercial re-
search of smart network techno-
logies (Beyond 5G) at maximum; 
integration of 5G networks and 
satellite communications.

A research and test network 
shares frequencies and network 
infrastructure in a flexible man-
ner with commercial operators 
in Finland and in Europe.

Research of 6G technologies 
grows strongly.

5G network coverage in den-
sely populated areas on par 
with 4G network coverage.

Spreading of smart networks 
begins. Integration of satellite 
communications and ter-
restrial networks beginning.

Pre-standardisation of 6G 
begins.

Device-to-device communicati-
on based on the 5G evolution 
+ systems and services based 
on vertical industries become 
increasingly common.

5G-based mobile broadband 
adapted widely; new applica-
tions such as AR/VR hardware 
becoming common.

In 10 years Optimisation of smart network 
implementations.

Research of 6G networks.

Research of disruptive com-
munication concepts (nano, 
bionano and quantum commu-
nications, visible light, ...) has 
become an established field of 
study.

Spreading of 5G evolution 
solutions reaches maximum 
level.

Satellite data communications 
integrated with terrestrial 
systems.

Standardisation of the 6G 
technology has started.

Integration and embedding of 
secure data communications 
networks, IT systems, artificial 
intelligence and machine lear-
ning into the structures of the 
society becomes stronger.

Table 2. Current and future situation (research, business and the society at large). 



Figure 3.1. Predicted roadmap for radio devices, radio network, services, research, standardisation and regulation [APO].
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communication hardware plummeted in the early 
2010s, but have again started to see growth in the 
recent years.

The current value of Finland’s annual exports of 
electronics and data communications equipment, 
largely consisting of wireless communications 
technology, is approximately €1.5 billion, amount-
ing to approximately 38% of Finland’s high tech-
nology exports and 2.5% of all exports [TUL].

3.1.2  Global trends in wireless 
communications and Finland’s position

Table 3 presents a summary of Finland’s position 
in the development of wireless communications.

3.1.3 Finland’s goal within next 10 years

Table 4 presents Finland’s goals within the next 10 
years as well as milestones for 3 and 5 years. Key 
factors include technology leadership based on 
existing competence base and strengths, leverag-
ing of AI and cybersecurity competence, availabili-
ty of test and development networks and business 
growth.

3.2 Position in Finland

This chapter focuses on Finland’s strengths and 
development needs in different sectors of wire-
less communications.

Figure 3. 2. a) Employed in the ICT industry Figure 3. 2. b) Turnover of ICT companies in the recent years [STAT].

Manufacture of computer, 
electronic and optical 
products (TOL26)

Telecommunications 
(TOL 61)

Computer programming, 
consultancy and related 
activites (TOL 62)

Information service activi-
ties (TOL 63)

Manufacture of computer, electronic 
and optical products (TOL26)

Telecommunications (TOL 61)

Computer programming, consultancy 
and related activities (TOL 62)

Information services (TOL 63)Source: Statistics Finland

Source: Statistics Finland

m
ill

io
n 

eu
ro

s

TOL 28: 26 Manufacture of computer, electronic and optical products; 61 
Telecommunications; 62 Computer programming, consultancy, and related 
activities; 63 Information services



Now Near future
(next 3 years)

In 3–5 years In 5–10 years

Strengths 4G/5G radio technology 
and business competence, 
flagship company (Nokia) with 
extensive partner network. 
Test/development envi-
ronment and collaboration 
networks/ecosystem for the 
development of 5G evolution 
technologies and applications. 
In Finland, use of wireless 
broadband per customer 
is among the highest in the 
world.

B5G technologies, AI/ML 
and cybersecurity com-
petence; vertical industry 
solutions based on these.

6Genesis flagship 
[6Genesis].
Finnish Center for 
Artificial Intelligence 
[FCAI].

Weak-
nesses

Understanding of new busi-
ness models and the needs 
of the vertical industry; AI/ML 
competence; low number of 
companies. The limited role of 
technologies outside 3GPP in 
Finland.

Low research volumes 
(compared to Asia, USA and 
big European countries). 
The dependency on Nokia’s 
role in Finland.

Limited availability 
of research funding. 
Limited availability 
of RF and millimetre 
band experts and 
training.

Limited availabi-
lity of research 
funding. Limited 
availability of RF 
and millimetre 
band experts and 
training.

Potential 5G-based solutions for verti-
cal industries, integration of 
satellite communications, in-
ternational commercial policy.

5G evolution technologies, 
AI/ML and cybersecurity 
competence and vertical 
industry solutions. Smart 
networks, 6G concepts 
and technology develop-
ment. Development of core 
networks driven by the 
functionalities of the radio 
interface.

New business op-
portunities in vertical 
industries created 
by 5G. Application of 
millimetre band RF 
competence; high 
quality AI/big data/
security/edge com-
puting applications. 
Regulation that sup-
ports the birth of the 
ecosystems needed 
for new business.

Finland is a pio-
neer in 6G and 
Beyond 5G techno-
logies. Key compe-
tence extended to 
areas required by 
network conver-
gence.

Threats Finland’s decreasing role in 
Nokia. The limited availability 
of AI/ML competence limits 
the development of compe-
titive advantage; as the role 
of satellite communications 
increases, the limited availa-
bility of experts limits the gro-
wth of business. Insufficient 
number of talented students 
interested in the field entering 
universities.

Research volume is spread 
too thinly, preventing the 
development of strong 
spearhead projects with 
global significance. The 
limited number of large 
ICT companies reduces the 
chances of internationally 
significant research deve-
loping in the relevant fields 
(RF/signal processing, smart 
antenna solutions, AI/ML, 
data security).

Limited availability of 
experts and migra-
tion of experts to 
abroad. The current 
lack of students will 
later be reflected in 
the industry.

Lack of competent 
workforce in the 
relevant fields. 
Decreasing profit 
margin and more 
intense compe-
tition in wireless 
communications 
products.

Table 3. Finland’s position in the development of wireless communications. 



Finland’s goal within next 10 years

1. Leadership in smart networks and 6G. 
• Smart network architectures; unifying control framework, radio and network technologies, distri-

buted computing, AI/ML applications and cybersecurity.
• Radio technologies and signal processing; concepts, methods and implementation technologies 

(antennas/RF, digital HW/SW).
• Network architectures and network control, implementation technologies, distributed computing.
• Technologies that significantly improve the data security of smart networks.
• Natural user interfaces (speech, gestures...) of devices and applications.
• Flexible frequency regulation that supports new business models.
• Integration of satellite communications with terrestrial networks.
• Nokia is the leading data communications supplier and Finland is Nokia’s key competence cluster.
• Finland is an attractive country for top international talent.
• We are a major supplier of vertical solutions.
• Network function virtualisation and the convergence trend have brought other Finnish companies 

to the top of the industry.

2. Utilisation of AI/ML and cybersecurity methods in smart networks, 6G networks and va-
rious verticals.
3. In addition to the 5G evolution, a research and test network operating in several cities in 
Finland and Europe supports the latest smart network and 6G technologies and the develop-
ment of applications for different vertical industries. The research and test network shares 
frequencies and network infrastructure with commercial operators in a flexible manner.

4. The business volume and the number of companies working with technologies listed in 
items 1–3 has increased significantly. New small and middle-sized companies have emerged 
and grown.

3-year milestone

The evolution of 5G produces vertical solutions that utilise artificial intelligence (machine lear-
ning) and data security to various spheres of application, such as manufacturing industries, 
shipping and port operations, traffic, connected cars, media, well-being, nursing and sports. 
The national research and test network shares 5G frequencies and network infrastructu-
re with commercial operators in a flexible manner. Research focusing on smart networks 
increases. Nokia becomes the leading 5G supplier and Finland’s role in Nokia’s operations 
becomes more important.

5-year milestone

Competence in smart network architectures and its core technologies is on a good level in 
Finland; the number of satellite communications experts is increasing. The research and 
test network shares 5G and smart network frequencies and infrastructure with commercial 
operators in a flexible manner. New Finnish companies with international 5G etc. business 
are born.

Table 4. Finland’s objectives and milestones. 
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Finland’s strengths in research, business 
and public services
In the research sector, Finland’s strengths lie in 
5G, especially in radio technologies and signal 
processing, and in other mobile radio networks, 
network technologies and test networks. Collabo-
ration between research organisations and com-
panies is close and functional. In the commercial 
sector, Nokia is the leading supplier of mobile 
telephone networks; however, most of Nokia’s 
business operations are outside Finland. There 
is considerable interest in establishing and de-
veloping new companies; the number of SMEs in-
creases rapidly in areas such as Oulu and Helsinki. 
Public organisations are interested in supporting 
the development (BF & Academy). Pioneer cities 
have ongoing wireless and technology-positive 
experiments, such as the 6AIKA [6AIKA] and Lux-
Turrim5G [LUX] projects.  Finland has fairly good 
online service coverage, and the services support 
wireless devices. Usage of wireless broadband per 
person is the highest in the world.  Authorities, 
politicians and technical experts work together in 
a straightforward manner in matters such as fre-
quency regulation and the advancement of the 
micro-operator concept, which improves Finland’s 
competitive advantage through agility and fast re-
sponse times.

3.3.2 Identifying the spearheads 
The foundation of research is formed by radio 
technologies, signal processing, network technolo-

gies, test networks and the integration of terrestri-
al and satellite networks. In the infrastructure and 
operator sector, the 5GTNF ecosystem [5GTNF] 
that has the major research organisations, tech-
nology companies and a number of vertical com-
panies involved, should be mentioned. Finland 
also has strong universities with good collabora-
tion and partner networks in the relevant fields.

Commercial investments in 5G evolution, data 
security, artificial intelligence and their applica-
tions in various vertical industries increase. The 
IoT market has massive potential (see figure 3.3); 
however, it must be noted that estimates on mar-
ket scope and volume vary considerably.

In public services, spearhead projects include ex-
perimental initiatives that leverage high technol-
ogy, such as the 6AIKA project.  Researchers and 
technology developers participate in the estab-
lishing, operation and development of extensive 
ecosystems. Research organisations and compa-
nies focusing on wireless communications (SMEs 
included) still need to extend their collaboration 
with companies operating in vertical industries. 
New SMEs also need to be established and devel-
oped in the relevant fields.

3.2.3 Development needs and problems
The current situation and near-future needs are 
primarily related to the increase and allocation of 
national research funding towards objectives de-
fined in section 3.1.3.  Top competence is needed 
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for 5G core network development and integra-
tion of vertical technologies. The aim of research 
efforts is in 6G network convergence, while the 
general research focus is on integration of mobile 
technologies into the society at large. Other com-
petence needs are linked especially to the applica-
tion of artificial intelligence and machine learning 
to wireless communications.  

The utilisation of these competencies in vertical 
industries will increase and accelerate. Research 
efforts should be extended from individual ra-
dio links to higher system levels and to core net-
works. As the complexity of data communication 
networks increases, their performance must be 
assessed more closely using tools such as simula-

tors, test networks and experimental systems The 
competence base also needs to be extended in 
high frequency technologies.

Areas that need special focus through training, 
employment and constant learning are the themes 
defined in section 3.1.3. Hard radio technology 
competence is still very much needed.

Training programs, contents and tools need to be 
kept up to date so that the programs attract suf-
ficient numbers of talented students and provide 
appropriate skill sets, and that demand for freshly 
graduated professionals is maintained. Availability 
of international training programs needs to be on 

Figure 3.3. Business opportunities offered by vertically oriented industrial sectors.

Industry Sites

Transportation hubs & ports 50,000

Military bases 10,000

Warehouses 3,300,000

Industrial & manufacturing 10,710,000

Oil & gas 8,000

Power generation 47,600

Water utility plants 140,000

Mining 54,000

Hospitals & labs 263,000

Total 14,582,000

Comparison: 
Global base station sites

 approx. 
7,000,000

Source: Harbor research
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a good level to attract international talent to Fin-
land.

Key technologies of research infrastructures must 
be developed, and test networks that support ver-
tical applications need to be extended. Closer col-
laboration with telecom operators (more flexible 
utilisation of operator frequencies and infrastruc-
ture) is needed. To improve geographic coverage, 
more cities should be involved in the effort (active 
R&D cities in Europe and small cities in Finland). 
5G test networks form good development envi-
ronments that should be used extensively also in 
the future for purposes such as application devel-
opment.

The volume and allocation of research funding 
have material impact on the long-term position 
of wireless communications in Finland. Business 
Finland, for example, has reduced its long-term 
research funding radically in the past few years. 
At minimum, research funding should be restored 
to previous levels through Business Finland and 
Academy of Finland research programs. The con-
tent of EU’s FP9 framework program also needs to 
be influenced so that the smart network themes 
are incorporated into the new framework.

In terms of legislation, regulation, openness and 
the platform economy, the public sector plays an 
important role in the adaptation and integration 

of new technology into the infrastructure and the 
processes of the society.

In many cases, legislation and regulation slow 
down the introduction of new technologies and 
innovations to the market

3.3 Finland’s offering and actions

This chapter focuses on the technology potentials 
offered by Finland and the actions required to lev-
erage them.

3.3.1 Global significance of the technology 
offering
Key global challenges are described in section 1: 
quality of life, overall safety of the society, restruc-
turing of industries, climate change and resource 
security. Responding to and leveraging these chal-
lenges calls for a new service implementation 
platform based on flexible, high-performance, 
cost-effective and autonomous smart network 
that integrates communication, computation and 
control capacities.

The smart network forms a shared platform for 
the applications and the services of the society of 
the future. The traditional market logic of mobile 
networks will be retained to some extent, but 5G 
will alter and expand it significantly. Simultaneous-
ly the profit margin of purely wireless communi-
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cations equipment will decrease and competition 
will become more intense. This development will 
continue through the 2020s

3.3.2 Contribution of Finnish research 
institutes and businesses to the global 
market in wireless technologies
Finland’s strengths and competence areas are 
listed in section 3.1.3. Of these, the role of mobile 
radio network competence will be highlighted. Ef-
ficient smart networks, artificial intelligence, ma-
chine learning, vertical industries and data securi-
ty are rapidly developing focus sectors. The birth 
and growth of 5G business offers a concrete mar-
ket opportunity. 4G business continues alongside 
the new market, but 5G verticals open new busi-
ness opportunities (see figure 3.3).

3.3.3 Action required to utilise the 
opportunities
Preparation of substantial BF and Academy 
programs is required along with a concerted 
effort to influence the FP9 agenda.

Research organisations, companies and public 
organisations should prepare national programs 
in close collaboration, and need to influence the 
FP9 agenda, which needs to incorporate the smart 
network themes. BF and the Academy need to al-
locate adequate funding for research programs in 

the relevant fields, and the programs need to be 
launched in time (starting in 2020).

Funding could be restored to earlier levels through 
(for example) following research programs: Smart 
Networks / Beyond 5G (Business Finland, 2020–
2024), 6G / Future and Emerging Technologies 
(Business Finland, 2025–2029), Future Wireless 
Communication (Academy of Finland, 2020–2029).

Actions focusing on mobile networks should be 
continued in their present form. The development 
of vertical business needs to be advanced together 
with other industries to attract more funding and 
other contributions. Action is needed to facilitate 
the growth of SMEs into bigger and more interna-
tional enterprises in their areas of strength. Re-
search focusing on core network evolution plays 
an important role, and public organisations have 
an active role in the vertical dimension.

The current AIF agenda focuses on drafting of ide-
as for the next BF and Academy programs and in-
fluencing the FP9 content. Getting public organisa-
tions involved requires active steps.

Social problems will not be resolved if the technol-
ogy sector works in isolation.
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To improve Finland’s competitive strength, sub-
stantially higher R&D investments to wireless 

communications technologies, systems and appli-
cations are needed. Table 5 lists the most impor-
tant actions that are called for. Finland must lobby 
actively to ensure the research funding of wireless 
communications is integrated into EU’s Horizon 
Europe (FP9) framework. Well-timed substantial 
national contribution would give Finland a strong-
er role in the framework initiative.

Smart networks (B5G) and 6G technologies also 
require considerable national investments in the 
form of technology initiatives, investment pro-
grams backed by the ERDF and through innovative 
public procurement, such as building of new pub-
lic infrastructures and services based on the new 
data communication platforms. 

Moreover, Finland needs to support the growth 
and internationalisation efforts of high technolo-

gy start-ups and SMEs, work to develop frequency 
regulation into a more flexible direction both na-
tionally and internationally (to support micro-op-
erators, for example) and to ensure the availability 
of competent workforce Cross-sector collabora-
tion is required to tackle the potential lack of com-
petent workforce in the relevant fields.  Aligning 
higher education (bachelor, master and doctoral 
levels) closely to the vision of the industrial and 
the public partners in the spirit of this strategy as 
well as positive media visibility of the high-technol-
ogy sector are important.

The most urgent tasks of the AIF are currently the 
preparations of the BF, Academy and FP9 pro-
grams outlined above, and preparation of ERDF 
funding.
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2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

Investments required:
EU/Horizon Europe (FP9): Smart 
Networks
Business Finland: Smart Networks/
Beyond 5G 250 M€ + ERDF investments 
50 M€
Business Finland: 6G / Future and 
Emerging Technologies 250 M€ + ERDF 
investments 50 M€; Academy of Fin-
land: Future Wireless Communication 
100 M€

Medium-term research focus 
(5 years):

Smart network technologies, systems 
and applications

Network architectures and technologies that integrate communication, com-
putation and control capacities
Energy-efficiency and low-carbon initiatives
Evolution of edge and fog computing
Utilisation of AI/ML on different levels of the wireless communications infra-
structure, in data security solutions and in applications
Network- and service-level data security
High frequency technologies (mmW, THz); radio technologies, signal proces-
sing, network technologies, HW/SW, materials for electronics and recyclability; 
integration of satellite data communication
Evolution of test networks and environments

Long-term research focus (10 
years): 

Disruptive 6G technologies, systems 
and applications

Nano/bionano object networks and Internet
Quantum communication
Visible light communication
Hologram-based communication, etc.

Table 5. Finland’s goals and milestones.
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The value of business opportunities opened to 
European commercial enterprises by digitalisa-

tion is more than 1 billion euros per day. Smart 
wireless networks are a key enabler of digitalisa-
tion in all sectors of the society. Substantial growth 
is predicted especially in the application of wireless 
broadband and IoT solutions to improvements of 
the quality of life, the overall safety of the society 
and resource allocation within the society, and in 
the integration of IoT solutions to vertical industry 
solutions.

The global challenges of digitalisation call for the 
development of a smart network that enables ser-
vices and solutions to be implemented in a flexible 
and cost-effective way. In smart networks, evolu-
tion of wireless 5G technologies comes together 
with high-performance distributed computing, 
artificial intelligence, machine learning and pro-
grammability.

Finland is a pioneer in wireless communications in 
the consumer market, in technological solutions 
and in the research sector. This forms an excellent 
foundation for making Finland’s market share of 
the future digital economy proportionally larger 
than the national economy and for increasing Fin-
land’s role in the resolution of global challenges. 
The goal set in Finland’s digital infrastructure strat-
egy is to be a leader in the development and appli-
cation of next-generation mobile networks.

AIF’s wireless communications strategy is to make 
Finland the leading researcher, supplier and user 

of smart network solutions especially in public 
services within the next ten years. Finland can of-
fer special competence in 6G technologies, where 
distributed computing comes together with smart 
network control using artificial intelligence solu-
tions. We are among the best in the world in radio 
technology, network architectures and data secu-
rity, and Finland has the leading research and test 
network for smart network solutions.

Finland’s major weakness in terms of this objec-
tive is the limited availability of research funding, 
while the number one threat is the lack of experts 
in the relevant fields. Proposed strategic action 
is well-thought allocation of research funding, on 
one hand by influencing the focus of EU’s FP9 re-
search agenda, on the other hand by investing in 
Business Finland’s and Academy of Finland’s na-
tional research programs and ERDF investment 
programs.  The threat of the lack of experts in the 
relevant fields needs to be addressed through 
cross-sector collaboration that integrates study 
curriculums into the objectives of this strategy.
In Finland, 2019
Allied ICT Finland

In Finland, 2019

Allied ICT Finland
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