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EFFECTS OF RESEARCH ON SWEDISH MOBILE TELEPHONE DEVELOPMENTS: THE GSM STORY

VINNOVA'’s foreword

Ericsson’s development of mobile telephony is one of Sweden’s outstanding industrial
successes of recent years in terms of turnover, employment and exports. This impact
study focuses on the role of Swedish government research funding in the develop-
ment of technology for mobile telephony, especially GSM, and the subsequent Swedish

SuUcCcCess.

The study shows that a number of factors were important. These included the dialogue
between the supplier Ericsson and the customer Swedish Telecom and their mutual
support in the international standardisation process. Another factor was the techno-
logical capabilities and market strength already built up under the Nordic cooperation
that created the NMT system. Under the research leadership of Sven-Olof Ohrvik and
then Jan Uddenfeldt, the Ericsson subsidiary SRA (later Ericsson Radio) undertook key
technical developments. At the time, this was a company with few resources, compared
with today’s Ericsson. Until its transformation into a state-owned limited company in
1992/93, Swedish Telecom had a ’sectoral responsibility’ for research in the area, and its
Radio Labo-ratory, managed by Osten Mikitalo, played an vital role.

R&D financed by VINNOVA’s predecessors STU and NUTEK in the period 1975
— 1998 was of major importance in two respects

* Building up research capacity at universities and institutes of technology that
produced professors, PhDs and MSc engineers — individuals well prepared for a
career within industry, whom Ericsson and Telia could employ during the huge

expansion of business of the 1990s

* Financing research that made technical breakthroughs possible

The European R&D programmes RACE and ACTS were important to the develop-
ments that took place in the later part of the 1990s.

A team from the Technopolis Group, comprising Erik Arnold (project leader), Barbara
Good and Henrik Segerpalm, conducted the study. They were supported by an
eminent reference group including: prof em Lars Zetterberg, KTH,; Osten Mikitalo
and Conny Bjérkvall, formerly Swedish Telecom/TeliaSonera; Jan Uddenfeldt and
Jan-Erik Stjernvall, Ericsson; Lennart Alfredsson, formerly SRA and Ericsson, and
Bengt-Goéran Bengtner, formerly Swedish Telecom and Ericsson. The group also
included Sven-Ingmar Ragnarsson, Eva Westberg and Anders Hedin from VINNOVA.
Torbjorn Winqvist acted as VINNOVA's project leader.
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The impact studies that VINNOVA performs, at the Swedish government’s request, are
particularly valuable in describing the longer-term effects of R&D funding. We wish to
thank all those who have contributed to the study, both those already mentioned and
the many others who have shared their experiences in interviews and in other ways.

VINNOVA in April 2008
Per Eriksson Géran Marklund
Director General Director

Head of Strategy Development Division
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Summary

The Swedish government requires that VINNOVA should produce ‘impact studies’ to
illustrate the social and economic effects of its funding, or the funding of its predecessor
agencies. This is one of a series of reports that is beginning to shed light on the long-
term benefits of state-funded, use-oriented R&D. Unlike conventional evaluations, the
VINNOVA effect studies focus on the longer-term relationships between research and
socioeconomic development. They therefore have a scope that can in cases go back for
40 years, in order to explore these long-term effects of the heritage of innovation policy

learning and practice represented by VINNOVA today.

This report looks at the connection between research funded by VINNOVA’s prede-
cessors STU and NUTEK and the extraordinary transformation of the Swedish tele-
communications industry (notably Ericsson) over the past 30 years or so. We focus
especially on the period when the GSM digital mobile telephone system was being dis-
cussed, standardised and designed.

Many relevant records have disappeared or are difficult to access, so the study involved
a lot of oral history and archaeology. We interviewed some 70 of the people involved,
sent a short questionnaire to people who took PhDs relevant to mobile telecommunica-
tions in Sweden during the last 30 years and built up a ‘human capital’ database to map
what has happened to them since then as well as reading a great deal of secondary lit-
erature. Our intention was to find out the extent to which university research funded by
STU/NUTEK influenced the development of GSM and the great Swedish industrial
success in the area.

The links between public R&D support in Sweden, during and immediately after the
period when the GSM digital mobile telephone standard was being developed help
explain the huge success of Ericsson and the Swedish mobile telephony industry in the
period since then. These links were non-linear: research did not develop new knowl-
edge that industry then gratefully implemented. Rather, the interaction of industrial
and research agendas focused university research and education on problems whose
solution in theory and in industrial development enabled Ericsson’s huge success and
all the employment, trade and income benefits that has brought to Sweden. While the
study examines one particular history, it suggests some general lessons about how to
design public R&D policy and how and why companies and other producing organisa-

tions can fruitfully interact with the knowledge infrastructure.
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Swedish Policy and Theory About the Effects of Research

Two simple theories have dominated past discussion about the relationship between
research and innovation. One is the ‘linear model’ that treats research as producing
information that then prompts innovators to innovate. The other is the ‘human capi-
tal’ model that says the value of research is that it trains people with generic skills,
whom industry can then socialise into doing practical things. Ever since the Malm
Commission reported in 1942, much Swedish research policy has leant towards the

human capital perspective.

The modern research literature on the links between research and innovation suggests
that neither the linear nor the human capital model is adequate. There are many links
and loops within innovation processes and these processes do not start at any particular
‘place’ in the innovation system. Modern models of the links between knowledge gen-
eration and innovation are always complex. Exhibit 1 shows one of the most influential

of these models.

Exhibit 1 Modern ‘Coupling’ Model of Innovation

Needs of society and the market place

A N
Develop- .| Prototype | Manufact- Marketing & Market
Production uring Sales Place
N N
New PR State of the art in technology and production
Technology Underlying stock of existing knowledge

Source: Mowery, D.C. and Rosenberg, N., ‘The Influence of Market Demand upon Innovation:
A Critical Review of Some Recent Empirical Studies’, Research Policy, April 1978

Only a small proportion of innovations involve R&D. Firms tend to innovate using
their existing knowledge but successful innovators often build relationships with
the research sector in order to extend that knowledge. Companies are driven to do
R&D when they discover problems that need to be solved so that they can innovate.
Therefore, a key to successful technological innovation is for firms to possess ‘absorp-

tive capacity’: that is, the ability both to define technological problems and to recognise
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and exploit solutions. This complexity demands that we take an innovation systems

perspective when we try to explain and promote successful innovation.

When problems need to be solved, not just any old knowledge will do. Devices are
needed that focus research attention on the problems. Successful innovating firms
and partner universities develop positive feedback loops, becoming attuned to each
other’s evolving needs. Incentives for the universities to participate include the fact
that the companies can provide interesting problems (or identify which out of many
possible problems are likely to lead to a line of research), justify expansion not only of
the research effort but also of education, and influence a use-oriented R&D funder to
provide money. Creating or encouraging ‘focusing devices’ is thus one of the ways an

innovation agency can add value in the innovation system.

Digital Mobile Telephony

The basic principles of cellular mobile telephony have been known since the 1940s but
the technology needed in order to implement them is much more recent. Nordic coun-
tries were leading in the first (analogue) generation of mobile telephones (launched in
the 1980s) because of joint action by the Nordic telecommunications authorities and
their important role in developing as well as specifying the needed technology. Swedish
Telecom (Televerket, later Telia) was especially important in this process.

Exhibit 2 Mobile Telephony Generations

Generation 1G 2G 36G- 3G (2) 3G+ (46)
System Examples NMT GSM, PDC, D- GPRS WCDMA HIPERLAN/2
AMPS AMPS, cdma One, EDGE TDCDMA WLAN
TACS DECT, PHS MCCDMA  WATM
Maximum user 9.6 kbps 384 kbps 2 Mbps 20 Mbpd
data rate
Dominant service  Analogue Digital speech Internet Multimedia  High speed data
speech Data Internet using IP
Speech |P-telehony
Introduced 1982 1992 2000 2002 3G: 2002
(4G: 20127)

Source: Sven-Olof Ohrvik

The second (digital) generation of mobile telephones (launched in the 1990s) became
possible in part because of the development of microelectronics that enabled digital sig-
nal processing. Swedish Telecom played a leading role in initiating and seeing through
the standardisation process via the Groupe Spécial Mobile, which gives its name to the
GSM mobile telephone system. The European GSM standard has become globally
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dominant in second-generation mobile telephony. Sweden had an important influence
over key parts of the GSM standard, notably the way radio signals are coded and trans-
mitted between handsets and base stations. This helped maintain Sweden’s leadership
in both producing and using mobile telephone systems. However, Swedish Telecom
was not alone on the Swedish side in this standardisation process. The researchers
in Ericsson’s radio companies were extremely active in proposing and testing possible
parts of the standard and they involved a number of university researchers in developing

some of the knowledge needed.

The NMT system had already solved important architectural questions about how to
design an international mobile phone network so the designers of the second generation
had a pretty clear idea what they were trying to make. However, designing the digital
radio link between mobile telephones and the base stations that let them access the

telephone network posed a number of challenges.

1 How to convert and code speech into digital form, using as little bandwidth as
possible while maintaining a level of speech quality that the consumer would

accept

2 How to code multiple conversations (and other forms of communication such
as fax) into a single channel while getting very fast communication between the

mobile phone and the base station
How to protect the coded signal from fading and noise in the radio channel

4 How to modulate the resulting digital signal over radio waves while maintaining
high bit rates

5 A particular problem was how to cope with ‘inter-symbol interference’ caused by
radio waves bouncing off buildings and other hard objects so that they arrive out

of phase at the receiver

6 How to implement the solutions to these problems in electronic components

All these problems had to be solved within important constraints. They had to be eco-
nomical with bandwidth; they had to be small so that it was possible to make hand-held
mobile phones; their implementation had to be affordable, in order to allow the market
to develop; and they had to use very little power, so that available battery technology
could be used while giving handsets a long enough battery life to be practical. In fact,
while the solutions to these problems tended to use principles from existing theory it
took a lot of research and development to go from theoretical principles to solutions

that could be used in practice.

The solutions for coding multiple conversations and protecting the codes from distur-
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bances during radio transmission tend to overlap. (Exhibit 3) gives an overview of the

steps involved in going from speech to a coded radio signal and back again.

Exhibit 3 Sequence of Operations from Speech to Radio Waves and Back

Speech in Speech out

¢ T

Digitising an_d sourse Source decoding
encoding
v A
Channel coding Channel decoding
7 ]
Interleaving De-interleaving
v A
Ciphering Deciphering
v A
Burst formatting Burst formatting
v A
Modulation _J é L Demodulation

Currently, the third generation of mobile telephony is partly implemented but continues
to evolve rapidly to higher bandwidths and a wider range of services, as does the whole

field of digital wireless communications.

Telecommunications is one of many industries that rely heavily on standards. The
national telecommunications authorities, their international network the International
Telecommunications Union and regional standardisation bodies such as the CEPT
European standards body for posts and telecommunications — another club of the
national monopolies — formerly controlled these standards. But liberalisation of tele-
communications markets has removed their control and industry increasingly sets de
Jacto standards, as has long been normal in the computer industry. Now, equipment
manufacturers are much more involved and the battles over standards and markets is
taking place mostly at the global level.

The second generation of mobile telephony was significant in that it was planned to
accompany the start of competition, especially in Europe, so while the telecommu-

nications authorities remained important industry also had considerable voice. This
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changes the needed role of the state in helping apply knowledge to support national
actors and consumers. Swedish Telecom therefore played a dominant role in repre-
senting Sweden in the standardisation process for NMT, while it in practice tended to
share that role with Ericsson in second-generation standardisation. In the third and
fourth generation, Swedish Telecom (now Telia) has very little voice in a debate that is
to a greater extent among global companies. With liberalisation, too, Swedish Telecom
(Telia) can no longer afford to do R&D that largely produces public goods for Sweden,
so like other former state monopolies it has drastically downsized its R&D capabilities
and become a standards-taker rather than a standards-maker. Correspondingly, it is no
longer a development partner for Ericsson and to the extent that it makes sense in the
national interest to foster linkages with the research and higher education system this

responsibility now falls wholly on national research funders like VINNOVAL

Through its partnership with Swedish Telecom, the Ericsson group achieved a strong
market position in NMT systems and built further strength in international markets
for first generation mobile telephone systems on this basis. Competitors hoped that
the change in technology to second-generation systems would weaken Ericsson’s posi-
tion and increase their own opportunities. The most controversial part of the GSM
standard was therefore the radio access link, where the bigger technological changes
needed to be made. Ericsson and Swedish Telecom began research on these questions
very early, linking with researchers at four Swedish universities and at SINTEF, and
were able to have a strong influence over the standard. In particular this meant that
it was decided that GSM would use a narrowband TDMA? multiple access technique
— which was especially suitable for the large cell sizes used in Nordic systems (owing
to the low population density) but that could also be used for smaller cells in densely
populated areas. As a result, Swedish Telecom did not have to find many new base sta-
tion locations but could share with its existing NMT stations. And it meant that key
parts of the GSM standard reflected areas where Ericsson was technologically strong.

This helped Ericsson maintain its leading position.

The Role of VINNOVA's Predecessor Agencies
VINNOVA’s predecessors STU and NUTEK were closely involved in funding research

that contributed to creating the second generation — a funding tradition that carries on

in VINNOVA.

1 Formally, ‘sector responsibility’ for research and research capacity in telecommunications passed from
Swedish Telecom to NUTEK in 1993, when Swedish Telecom was corporatised
2 Time Division Multiplexed Access
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In its first few years, STU was rather reactive, receiving research proposals and using
scientific councils to choose which to fund. This research-council-like behaviour
meant that what STU funded represented the aggregate of what applicants — especially
the universities — demanded. The General Audit Office complained about this lack of
strategy and a special STU Commission was appointed to look into how the agency
was running. As a result of that Commission’s work, in the late 1970s, STU decided
to change its role and to become a more active change agent. To do this, it devised a
programming process (continued by NUTEK and VINNOVA) that took account of
the best scientific and industrial opinions about needs and then used stakeholders to
support it in funding collections of projects aimed at common goals. This meant that it
could selectively use R&D grants to build capacity in the universities to focus attention
on new areas and enable the research and education system to tackle industrially and
socially important subjects. In other words, it could now build ‘focusing devices’.

STU/NUTEK supported the development and growth of Information and
Communications Technology (ICT) capacity in universities and industry from the late
1970s through a mixture of programming and bottom-up funding of projects. It devel-
oped a large suite of ICT-related programmes through the 1980s, which have since
been continued and evolved by NUTEK and VINNOVA. It was also key in orches-
trating the national I'T programme, spanning microelectronics (NMP) and information
technology (IT). These represented an important increment of state funding over and
above normal budgets and involved substantial industrial as well as academic research
and were key triggers for the scaling up of ICT research and education in Sweden that
was needed in order to meet the challenges of the electronics revolution.

13
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Exhibit 4 STU/NUTEKIT Programmes 1980-2000

1980 1985 1990 1995

Swedish institute for System Development

Swedish institute for Computer Science

Development of ’ | Super and parallel computers
Competence T
| People-Computers-Work | Computer supported
| co-operative work
I
| Comunications | Telecommunication
| I
Computerised image Embedded systems
processing Software technology
Information systems
| Cognition
/l Computer Science Technology
Information processing | | Language technology |
I
Computer aided control |T-orientated
engineering Competence Centers
________/ ESPERIT, ACTS,
DRIVE,

International R&D cooperatior]
— Telematics,
\ COST, etc.

| User-friendly operationsystems for the processindustry |
I I
| IT-based service production |
I I
|IT-based building constuction and
management
I
| Biomedical measurments |
I
| Medical imaging and decision support systems |
I

| Less invasive medical engineering |
T

CADCAM systems with |3 R&D programmes in advanced
| productmodels and Al manufacturing

T
3 R&D programmes in advanced
manufacturing

I
Adaptive control of manufacturing
equipment

Complex technical systems |

\

Source Torbjorn Winqvist, VINNOVA. Grey area represents IT3
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Funding Research on Digital Communications

In 1977, just before STU started using programming, small units in Ericsson (SRA,
later ERA) and Swedish Telecom (the Radio Lab) started an informal ‘radio club’
together with a handful of academics interested in the problems of digital radio com-
munications. They identified the areas in which they believed research was needed
in order to make digital radio communications viable and ran research, development,
test-bed and evaluation projects alongside the university research. SRA always had its
own internal R&D agenda and used the university research as a way to explore options,
acquire new understanding of how to do things and develop and recruit high-level
technical manpower. The activities of the radio club meant that both the research and
the industrial communities were already well advanced and knowledgeable when GSM
standardisation formally started, in 1982, putting Sweden in a much better position

than many other countries to influence and exploit the GSM standard as it emerged.

During the time of the radio club, STU was a willing discussant and project-funding
partner. STU staff often attended meetings of the radio club and were involved in
discussions of the technology road maps for second generation mobile telephony that
were being used in industry. It had the technical and industrial competence to assess
research proposals in terms not only of quality but also of relevance to the new digital
communications trajectory. In effect, it made many bets on fairly small projects. It was
even prepared to take risks by funding people who had good colleagues and whose work

was industrially relevant but who themselves had little track record.

Exhibit 5 STU Grants for Digital Mobile Related Research, 1978-86

CTH KTH LTH LiTH Total
1978 50,000 50,000
1979 488,750 798,000 1,820,000 3,106,750
1980 729,910 2,485,000 307,808 3,522,718
1981 771,105 696,500 1,337,900 2,805,505
1982 605,980 1,111,292 283,560 2,354,340 4,355,172
1983 620,122 712,000 900,720 2,232,842
1984 1,050,200 1,542,000 1,024,300 1,150,100 4,766,600
1985 425,900 1,109,000 1,895,000 2,509,300 5,939,200
1986 706,000 1,198,300 2,480,000 741,000 5,125,300
Totals 2,788,080 7,570,479 10,424,360 11,121,168 31,904,087

Source Analysis of STU/NUTEK’s ‘Peanuts’ administrative database

Over time, it became more and more obvious that the area of digital mobile communi-
cations would be industrially very important. In discussion with Ericsson and Swedish

Telecom, STU launched the Digital Communications programme in 1987, which dou-
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bled the amount it was investing per year in the field and started a process of increasing
the research, PhD production and engineering education effort for digital communi-
cations — just in time to help Ericsson with the huge scaling-up it needed to under-
take of its research and development activities between 1988 and 1998, in order to take
advantage of its strong potential in GSM and other second generation digital systems.
NUTEK continued the programme when it was formed in 1991 and there has been a
succession of programmes in the area run by NUTEK and now VINNOVA, with the
latest one launched in 2008.

In the late 1980s, too, Swedish Telecom and Ericsson began to become strongly
involved in the EU RACE programme and other international R&D activities such as
COST, in order to position themselves for the third generation of developments. From
the 1990s, Ericsson was essentially fighting the Swedish corner of research and stan-
dardisation debates alone, without the technical support (and even leadership) it had
previously enjoyed from Swedish Telecom. The corporatisation of Swedish Telecom
to become Telia put an end to its role as a major R&D performer and technology

developer.

The Research

This study looks in quite some detail at which researchers did what research during the
period of the radio club and GSM standardisation, and has confirmed that the links
between their work and that of the industry were achieved through coordination and
parallel working.

Perhaps the central fact about the role played by the Swedish research community in
GSM standardisation and in underpinning Ericsson’s huge economic success in mobile
telecommunications is that it was not random and it was not a result of researcher-
directed R&D. Rather, it was carefully orchestrated by a small number of people in
support of industrial needs. The key characters were Sven-Olof Ohrvik, Jan Uddenfeldt
and Osten Mikitalo — all graduates of KTH, the latter two having been supervised by
Lars Zetterberg, who may in many senses be regarded as the ‘father’ of Digital Signal
Processing (DSP) in Sweden. The first two worked for the Ericsson group (Uddenfeldt
succeeded Ohrvik as head of ERA’s research department in 1985), while Mikitalo head-
ed Swedish Telecom’s Radio Laboratory. All three were involved in the development of
radio systems. As a result, they were in the unusual position not only of having respon-
sibility for generating new designs but being able to see the knowledge needs across the
breadth of the systems they were trying to create. Because they could see the knowledge
bottlenecks, they were not only able to supply university researchers with a stream of

problems but also able to say which were the important ones for industrial development.
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The radio club was centred on the universities of Linkdping, Lund and Chalmers.
After some time, KTH also became involved. It involved a mixture of professors and
doctorands. The key issues they tackled were speech coding, channel coding, modula-
tion, radio propagation, equalisation and VLSI components (especially for digital sig-
nal processing) — precisely addressing the problems that needed to be resolved in order

to make the transition from analogue to digital radio access.

Lund was especially important, in that it had maintained an interest in radio during
a period when other universities were dropping radio work in favour of various digital
technologies. (A consequence of this was a shortage of radio engineers in Sweden dur-
ing the 1980s and 1990s.) Researchers from Lund involved in the radio club tackled
a wide range of questions including radio propagation, modulation, coding and elec-
tronic component design for mobile communications. At least two of the doctorands
were shipped off to America to learn and bring back design and process technologies
from US universities. The link with Ericsson became especially close as SRA’s head of
research moved to take a chair in Lund in 1985, after a period as an adjunct professor.

Ericsson built its main factory for handsets opposite the university.

Linképing worked on channel coding, error-correction and equalisation while Chalmers
focused more on speech coding/decoding and modulation. KTH’s focus was on digital
signal processing, the technology through which much of the work on radio access was

in practice implemented.

Ericsson ran its own research projects in parallel with the university work and there
was a great deal of interaction amongst the various researchers in connection with the
construction of various engineering test beds that, together with the standardisation
process and the needs of later development engineering, focused the common effort.
Swedish Telecom hosted a series of test beds where industrial and academic researchers
worked together to simulate first radio access and later larger parts of second-genera-
tion systems.

Development of Human Capital

We have looked at what happened to the researchers involved, tracking three or more
generations of doctorands from the time of the radio club, the Digital Communications
programme and subsequently. Our track of PhDs ‘produced’ by the research groups
established by the members of the radio club and others involved in the Digital
Communications programme has identified 315 people as doing PhDs (281) or licen-
tiates (34) in or close to the fields considered by the radio club. This work shows a
pattern of new PhDs tending to stay in the universities in the first half of the 1980s,
followed by a growth in the proportion of new PhDs going into industry. Our analysis
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effectively shows a process of building research and teaching capacity in the universi-
ties followed — especially from the time of the STU/NUTEK Digital Communications
programme — by large-scale industrial take-up of research manpower. The pattern of
growth continued through the 1990s and into this decade. During the set-back years
for Ericsson at the start of the 2000s, a bigger proportion of PhDs went to other indus-
trial employers but on our analysis Ericsson’s recruitment of PhDs related to digital
mobile communications appears to have started to recover.

Exhibit 6 Mobile-Relevant PhD Production, 1973-2007 By Current or Last Location

80
70 4
60 1

50 -

40 4

30 4

20 4

- m B I
=

73-80 81-85 86-90 91-95 96-00 01-05 06-

M Ericsson M Telia [JOther companies M Universities

Source: Technopolis survey, interviews and Internet searches

These increases were of course accompanied by the entry of additional universities and
the formation of more research groups. At the time of the radio club there were perhaps
five relevant groups spread across four universities. Today there are twenty groups in
seven universities. In the areas relevant to digital communications, the Swedish univer-
sity system today has at least ten times the research and education capacity present when
the radio club began and a corresponding increase in education at engineer level. The
massive increase in output was crucial for supplying the skills the industry needed. In
the 10 years up to 1998, the number of PhDs in SRA/ERA’s research department mul-
tiplied tenfold from about 5 to 50 and the number of MSc-level engineers grew from
about 50 to 500 in the same period. Total R&D staff in Ericsson Radio also grew by
factor of ten between 1988 and 1998 (from 1,000 to 10,000 people). The fact that the
research staff were a fairly constant 5% of total R&D staff reflects Ericsson’s commit-
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ment to maintaining a high level of technological and absorptive capacity, including con-

tinuing dialogue and cooperation with universities — increasingly on a worldwide basis.

The human capital developed in connection with digital mobile communications is of
course only one part of a much bigger picture of scaling up the research and higher edu-
cation system to meet the opportunities and needs of a time where ICT is an important
part of the economy. STU, NUTEK and VINNOVA have contributed to this devel-
opment through a series of programmes that helped the university system to build new
capacities.

Ericsson

The story of Ericsson’s positioning in the GSM market told here (and confirmed by our
interviewees in Ericsson and elsewhere) is that Ericsson was able to capture a strong

position by being first with an integrated and credible systems solution.

Ericsson is by far the largest organisation in Sweden concerned with mobile telecom-
munications. The story of mobile telephony in Sweden is also a story about the trans-
formation of a rather staid, slow-moving company working for state monopolists, often
on innovations more or less created by the customers and moving at their often-glacial
pace, to becoming a significant, nimble, technologically proactive global player in tele-
communications equipment, with all the positive things that implies for employment

and wealth in Sweden.

SRA’s history of working with military radio meant that it had the chance to work with
new technologies like transistors and digital radio ahead of those who served only civil-
ian markets, because the military were able to pay the big bills that come with the most
advanced technologies. It was a tiny island capable of real research and its successes in
early mobile telecommunications meant that, even if it was felt to be peripheral to the
main company mission, top management tolerated it. Through the ‘focusing device’ of
the radio club and later programmes like Digital Communications, it cooperated with
the university sector so that it maintained leading-edge internal R&D capabilities and
influenced standards, establishing itself as probably the world’s most credible deliverer
of complete mobile telephony systems by the early 1990s. In order to do so, it co-opted
Ericsson’s main fixed telecommunications product, the AXE exchange, driving growth
in Ericsson’s core business. The radio cuckoo did not push the other chicks out of
the nest — it fed them. The transformation of the core business from fixed to mobile
telecommunications meant that Ericsson became much more R&D-intensive, spend-
ing 16% of turnover on R&D in 2006, compared with 8% in 1976, something that was
only possible because of the large increase in engineering and doctoral education during

the relevant period.
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Exhibit 7 Ericsson R&D, 1976-2006
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Both the two driving technologies exploited by Ericsson owed a lot to public research
funding: the radio side predominantly through STU/NUTEK; the AXE switch-
ing side through Swedish Telecom; and both were possible because the National

Microelectronics Programme supported key process and design technologies.

While SRA’s cooperation with Swedish Telecom during the 1980s focused on GSM,
the company was building a research-based skill set that enabled it to tackle all
three major second generation standards and quickly to move to being a global, not a
European, player in mobile telephony.

From Ericsson’s perspective, a key to making use of the research community’s interest
in technologies relevant to mobile telephony was to be asking the community questions
based on its own internal development. Often the university research projects were
highly theoretical while Ericsson’s projects aimed to be simpler, producing robust solu-
tions that used the minimum of electric power and that could eventually be implement-
ed in components or software. There was a constant dialogue with the universities,
which ensured that Ericsson understood its technological options. Especially in the
period up to the mid-1980s, Ericsson did not recruit all that many PhDs from the uni-
versities: it was better that they stayed in place and taught new generations of engineers
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and PhDs, to supply Ericsson’s growing appetite for personnel. However, many doc-
torands from the radio club and the subsequent programme now have key positions in
Ericsson top management, reflecting the flow of new capabilities through the research
department into product development then product responsibility.

Effects

Our conclusion in this study is that public research funding, especially that of STU/
NUTEK, had a major effect in enabling Sweden’s success in mobile telephony, bring-
ing benefits to Ericsson, the university system, Swedish Telecom and many other parts
of Swedish society. There is always a problem of attribution in making such a claim,
however, because while the research funding appears to have been necessary it was by

no means alone sufficient to cause the success: many other factors were also important.

Ericsson

The Ericsson group is the most obvious winner from the research funding. Ericsson’s
economic success in the latter 1980s and the 1990s was massive, as a result of its trans-
formation from a fixed-lines to a mobile telecommunications company. Employment
peaked at over 100,000 before the crash of the early 2000s, from which Ericsson has
now begun to recover. Ericsson has generated many billions of kronor of economic
activity, which benefits the Swedish economy and makes the major contribution to

Sweden’s large trade surplus in telecommunications.

Exhibit 8 Ericsson Employment: Overall and in Sweden, 1976-2006
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The fact that Ericsson took the initial lead in the GSM market was crucial. Being
second would not have delayed Ericsson’s growth in mobile telephony — it would largely
have prevented it. Technically, that success depended in part on Ericsson’s radio access
skills, in part on its components capabilities (including the ability to threaten to make
its own unless suppliers were willing to offer acceptable prices and deliveries) and in
part on the AXE switch developed in collaboration with Swedish Telecom and imple-
mented using technology acquired through the NMP. All three aspects benefited sub-

stantially from state research funding.

Ericsson faced the prospect of acute skill shortages in the 1980s —both in specific
radio-related areas and in ICT more generally. Its ability to exploit its strong position
in GSM depended upon the increasing output of PhDs and MSc resulting both from
STU/NUTEK’s Digital Communications programme and from the bigger national
effort to expand IT research, training and education that STU had helped trigger in
the early 1980s. Given the supply of manpower, Ericsson then had the capacity (just!)
to build on its TDMA/GSM capabilities and quickly to develop systems for two other
important standards. Its leading global position in 2G systems then provided the basis
for strength in 3G.

Without STU/NUTEK’s role as change agent in the research and innovation system,
Sweden would not have been able to take advantage of the opportunities afforded by
mobile telephony and in the best case Ericsson would have had to pursue its expansion

to a greater extent outside Sweden.

Universities

The public research funding led to a body of knowledge and publications but its more
important effect in the university sector was to launch a trajectory of growth in the

capacity to do research and teaching in subjects relevant to digital mobile telephony.

The universities were both enablers of Ericsson’s success through their research and edu-
cation activities and also beneficiaries of it — not only through research and teaching to
meet the growing needs of the mobile telephony industry but also because there is posi-
tive feedback from Ericsson in particular in the form of funding, collaborative projects
and a continuing flow of information about emerging problems. Odd as it may sound,
a supply of problems is one of the most valuable things one can have in such disciplines,
not only because they underpin day to day research and education but because they can
define new research trajectories. And just as in industry, in academia timely knowledge

of what the important problems are is often key to competitive success.

STU/NUTEK funding therefore triggered a very considerable expansion of doctoral
education and a very large supply of highly qualified people into both industry and aca-
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demia. This is a structural shift: the institutional structure is in place in the universi-

ties that should assure the continuation of this supply.

Swedish Telecom

While Swedish Telecom can reasonably be credited with creating one of the world’s
most advanced mobile telephone markets in the NMT era and was a crucial enabler of
Ericsson’s success through cooperation over AXE and in the GSM standardisation pro-
cess, it has perhaps itself not benefited as much as other sectors from the expansion of
ICT research and education — either at the general level or in the specific case of digital
mobile communications. The use of narrowband TDMA in the GSM specification
meant that Swedish Telecom could use its existing NMT base station sites to deploy
GSM rather than having to set up new ones to create the smaller cell sizes implied by
other access methods, and this has produced a significant saving compared with alter-
natives. However, the change in Swedish Telecom’s role with corporatisation and liber-
alisation means that it no longer makes so much use of highly qualified R&D manpow-
er, so the effects of the research funding on human capital have been less important for
Swedish Telecom (now Telia) than for others, though it has undoubtedly contributed
to ensuring the company does not suffer from shortages in the technical manpower it
needs to run the business.

Sweden

The Swedish taxpayer more broadly has benefited significantly from the Swedish suc-

cess in mobile telephony to which public research funding has contributed.

One of the most important aspects from the national perspective is the creation of a
large cadre of people in industry and in the knowledge infrastructure who understand
and work with digital communications. Conventionally, we try to count the benefits
of an intervention such as a research programme in the industrial world by looking
at its effects on individual companies. In this study, we have focused heavily on the
Ericsson group. But to a considerable extent, the community of people who work with
a technology persists more strongly than individual companies. Thus, when Ericsson
downsized in the early 2000s, many people set up their own businesses in related areas

of telecommunications and electronics.

The research programmes studied here also triggered significant changes in the univer-
sity system, making it much more adapted to the needs of the 21** Century than it had
previously been. This is also an important effect for the taxpayer.

This study has focused heavily on Ericsson. We have not explored the effects on the
company’s suppliers but — while Ericsson products necessarily have a high import con-

tent in the form of semiconductors — the economic multiplier resulting from Ericsson’s
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increased activity will also be considerable. However, even without considering this, it
is clear that there are huge benefits for Ericsson in Sweden — and that these result in the
employment of large numbers of Swedish workers and the payments of large amounts
of Swedish taxes as well as a healthy contribution to Sweden’s balance of trade.

Exhibit 9 Swedish Exports and Trade Surplus in Telecommunications Equipment,
1988-2003
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The implications of STU/NUTEK funding for employment and wealth creation need
to be considered with care. The fact that there are so many necessary but not suffi-
cient conditions drives us towards the innovation systems view of the world that under-
pinned the formation of VINNOVA. This implies that a large number of sub-systems
of the national innovation system need to function well and to be well interconnected
if the system as a whole is to perform. In this view, we cannot attribute success to any
one factor, but we can rather clearly say that if a component of the national innova-
tion system fails then overall performance will fall — potentially catastrophically. This
study demonstrates in some detail how the links between publicly funded R&D and
Ericsson’s capabilities and success operated. Without the publicly funded R&D it is

clear that there would not have been the same success.
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The research literature suggests that there are at least eight channels through which

research tends to be linked to innovation processes

Increase in the stock of useful knowledge
Supply of skilled graduates and researchers
Creation of new scientific instrumentation and methodologies

Development of networks and stimulation of social interaction

Creation of new firms

1
2
3
4
5 Enhancement of problem-solving capacity
6
7 Provision of social knowledge

8

Shared access to unique facilities

The focus of this study was such that we did not look for instances of company start-
ups (though it is highly likely there were some). But we observed all the other channels

in use.

The GSM case clearly illustrates that the role of R&D in this innovation was as some-
thing that had to be done on the way to achieving an innovation goal. Digital mobile
telephony did not happen because someone did some research and realised they could
build a GSM handset with the results. It happened because organisations understood
that digital technology was the key to mass mobile telephony and set about solving the
problems in the way of achieving this innovation. Some of those problems were solved
via R&D. Others needed re-regulation. Yet others required changes in distribution
channels and the invention of new pricing strategies. Early attempts did not all succeed
in going digital — had it been technically possible at the time, NMT would have been an

all-digital standard, but that had to wait for various component technologies to mature.

One question we tried to resolve in this study was whether there were ‘critical events”
points at which it is possible to see a particular research result passing into practice.
There turn out to be almost no such events in this area. It seems that it is competence
and understanding of how to do things, not individual facts, that move between uni-
versity and industrial researchers — at least in this case. Operating in parallel and some-
times in cooperation with internal SRA and Swedish Telecom projects, the research
community effectively explored technological options and transferred not solutions but

an understanding of how to get to solutions.

The study illustrates the importance of absorptive capacity in industry as a way to cre-
ate the initial capabilities needed to move into disruptive technologies, the opportuni-
ties available through long-term relationships between researchers in companies and

universities and the opportunities to use problems — defined, for example, in relation
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to a standard or a test bed or a road map — to focus university research on industrially

relevant qllCStiOIlS .

SRA’s proactivity is an extremely important part of this story that was only made pos-
sible by its small core of research-capable people. The radio club was a focusing device:
an arena where research ideas and results were exchanged. SRA’s proactivity went well
beyond the radio club, however. It decided to locate its plant only next to universities of
technology — not only so that it could conveniently pick up new recruits as they gradu-
ated but also so that it could influence the direction of research and education in direc-

tions that helped meet the company’s needs.

The creation and movement of human capital turns out to be extremely important in the
mobile telephony story. Without the scaling up of the research and higher education
effort Ericsson would not have been able to exploit the opportunities in digital com-
munications. But not any old human capital would do: for some things the company
needed people with particular skills; for others, it could benefit from the more general
ramping up of I'T research and education. Just as a focusing device was needed to excite
researchers about research directions relevant to the problems in developing GSM, so
that same device pointed the way towards the need for PhDs and MSc courses.

Overall, the study confirms the importance of the role of an intelligent, research-fund-
ing change agency, supporting use-oriented research and helping construct ‘focusing
devices’ that link needs to research agendas. The history shows that STU/NUTEK’s
internal skills and competences were very important in enabling the mobile telephony
success. The interaction between SRA, the radio club and STU was fruitful partly
because STU had the technical competence to be a discussion partner. As a result,
STU received access to companies’ and academics’ views about technological needs,
likely trajectories and road maps and to an understanding of industrial development
that could not have been understood by a purely administrative apparatus. The fact
that project officers themselves took funding decisions enabled them to negotiate and
participate even in the process of project development, where necessary, and they were

therefore welcome at the table when the radio club met.

The STU/NUTEK people involved were not ‘bureaucrats’ but were often former
researchers from related fields. They generally had no need to go and consult a com-
mittee of experts in order to understand and decide about a proposal. STU/NUTEK
was willing to let the project officers make a number of project-level bets — normal-
ly rather modest in size —in the expectation that some would pay off and the certain
knowledge that many would not. In the case of the radio club, this meant that some of
the doctorands and junior researchers were able to get funding despite their complete

lack of an academic track record because STU/NUTEK was able to put faith in them
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and their context. Avoiding the normal funding Catch-22 for new fields seems to have

been a useful contribution to launching the research field quickly.

At the time when the radio club started, STU was able to deal with the radio club
through response-mode project funding and to monitor developments in the field.
Once it became clear that digital communications would be important and that there
would be a high demand for people with R&D skills in that area, STU/NUTEK was
able to launch a specific R&D programme — one of whose explicit aims was to scale up
the operation. The ability to move from a responsive/monitoring mode to a program-
ming mode was key to developing the field and to creating the supply of mobile-relevant
relevant manpower needed to underpin Ericsson’s expansion. STU/NUTEK’s analyti-
cal capacity and close contact with industrial needs also underpinned its role in promot-
ing the idea of a national I'T programme and orchestrating it across multiple agencies
and their ministries. This ‘top down’ strategic capacity, together with its lower-level
and partly more responsive actions such as in digital communications, appears to have

been a winning combination.

Another important lesson to draw from the mobile telephony history is the role of
Nordic cooperation in the early stages. Since EU accession, there has been increased
scepticism about the value of the Nordic cooperation but — while there are of course a
number of special circumstances that are hard to repeat — this is a clear demonstration
of the value of building a Nordic platform from which to take on the world —an idea
that has recently reappeared in Nordforsk’s virtual Nordic Centres of Excellence and
the new NordicNets.

Policy Implications

This study illustrates the complexity of the relationship between innovation and
research and the role of many conditions that are necessary for innovation but none of
which is sufficient. In the absence of sufficient conditions, a crucial policy implication
must be that interventions must have a systemic perspective, taking account of bottle-
necks and opportunities as these arise. Simplistic interventions based solely in ideas
like the linear model or the naive human capital model are unhelpful, however attrac-
tive their simplicity may be. This understanding underlies the EU and OECD discus-
sion today about ‘policy mix’.

The mobile telephony history points to the need to think about policy mix on two lev-
els. One is the mix between the research-council style of funding, dominated by con-
cerns about quality and track record, on the one hand and on the other more explicitly
use-oriented research funding, with its concern to establish links with innovation pro-

cesses in order to generate social and economic benefits. Both styles are needed in a
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system that is intended both to do fundamental research and to support economic and
social development (the ‘third task’ of the universities). Hence, the research commu-

nity needs incentives to do both these things.

At the level of the innovation agency, the history suggests a need to balance response-
mode project-by-project funding and programmed funds. The point of the response-
mode funding is not only to react to isolated good ideas but also to act as a kind of
‘search engine’ to look for needs and opportunities. To do these things requires sub-
stantial technological competence; bureaucracy and the mechanical application of stan-
dardised assessment criteria cannot accomplish it. It also requires a portfolio approach
because no matter how good the intelligence applied, innovation projects are highly
prone to failure. Neither a research council nor an administratively driven agency
could have reacted to, fostered and eventually scaled up the radio club in the way STU/
NUTEK’s internal intelligence let it.

The success in mobile telephony naturally prompts the question: How can we do more
of this?

* The point of departure of our story was SRA’s internal technological capability
and its ‘absorptive capacity’. Instruments like ‘industry doctorands’ that encour-
age the injection of research skills into companies are also important, in order to
raise the level of absorptive capacity and to form an ‘advance guard’ of research

capability. Once such people are inside the firm, they start to suck in others

* ‘Focusing mechanisms’ are crucial, and drive not only research but also
education. If a new area of knowledge becomes important then there will be a
need for knowledge-bearers at both first degree and PhD levels. In a university
system with research-based teaching, first-degree education will tend to follow
directions established at PhD level

* Large-scale changes may nonetheless require national coordination across

multiple agencies and ministries, as was the case in the national I'T programmes

* In VINNOVA’s world, there are projects and there are programmes.
VINNOVA could usefully explore the opportunities for encouraging more

intermediate-level focusing devices like the radio club

+ STU/NUTEK, like VINNOVA, had the twin instruments of bottom-up and
programmed funding at its disposal. This meant that it had the flexibility in
the early years to respond to developments while in the later period to formalise
the activity into a programme that was able to scale it up and meet national
needs. This required planning and budgeting mechanisms that were tuned to
the industrial wavelength — that could receive and amplify signals from groups

of industrialists and researchers and use these to trigger programmes. An
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innovation agency needs to combine such responsiveness with its own centralised
analytic intelligence. It needs a radio, it should be switched on and someone

should be listening!

* Weinberger suggested that STU’s key success factors were: money; a credible
vision of technological developments; and the ability to judge quality.® Such an
organisation should clearly be interdisciplinary in character. A significant part
of the capability must be technological in character and that means the personnel
should have a high proportion of technologists

* The money was also important. We have looked at a case where STU/
NUTEK’s bet succeeded, but there were others that did not. One of the
strengths of project funding is that it lets the agency search for opportunities
while containing the cost of failure. In uncertain circumstances, it is better to
bet a couple of projects than a whole programme. (The motto should be ‘Lose
small; win big’.) Crucially, the portfolio of projects has to be large enough to let
the winners win through and the culture has to understand failure as part of the

search process, not as poor performance

* Weinberger’s description of STU as a ‘network entrepreneur’ is a good one and a
good description of STU/NUTEK’s activities more generally. The observation
of STU’s second director-general, Bertil Agdur, that STU should not be an
administrative apparatus but a change agent goes to the heart of the role of an

innovation agency

* Despite the policy focus on SMEs in recent years, the example of digital mobile
telephony shows both that large companies can need support in establishing
focusing devices and the massive rewards that can result from success when large

firms are involved

A number of policy implications for industry also emerge from this study.

* The story of SRA/ERA as a small, almost semi-official island of high techno-
logical capability within a large company with a focus on other things illustrates
the importance of absorptive capacity. Without an initial few research-capable
people, it would have been much harder to see the developing importance of
digital radio communications, to identify the technological bottlenecks and to
encourage researchers to work on these. Maintaining a core of research capabil-

ity was important, at least in this case

» The interactions with the universities were selective, focused on current and

future development issues and backed up by internal projects. The capacity to

3 Hans Weinberger, Nitverksentreprenéren, Stockholm: KTH, 1997

29



EFFECTS OF RESEARCH ON SWEDISH MOBILE TELEPHONE DEVELOPMENTS: THE GSM STORY

interact in this way, as well as to do internal research, needs to be maintained
across long periods, in order to tackle successive product and technology cycles.
It is not a one-time requirement but a permanent one that should drive the
kind of long-term relationships that Ericsson has developed with Lund, KTH,

Berkeley and other universities

* These links are needed not only in order to obtain and absorb knowledge from
outside but also in order to maintain the supply of skilled and specialised R&D
labour needed by influencing the activities in the university system. SRA’s idea
of setting up shop outside the gates of the universities of technology was in this

sense absolutely the right thing to do

* Another success factor for Ericsson has been the ability clearly to distinguish
research from development and to organise these differently. The outputs of

research are knowledge and uncertainty-reduction, not products and processes

* The examples of the radio club and the various test beds that were key to the
GSM story suggests that these kinds of arenas should actively be developed
by industry where it needs to focus research interest on matters of importance
to it. In the absence of development pairs these days, such arenas need to be
comparatively open. The risks of openness are contained, however, by the fact
that the ultimate benefits for the company are learning how to do things (and
what things not to do) and manpower; generating product or process secrets is

unlikely
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Effects of research on Swedish Mobhile
Telephone Developments: THE GSM STORY - Summary

Ericsson’s development of mobile telephony is one of Sweden’s outstanding
industrial successes of recent years in terms of turnover, employment and exports.
This impact study focuses on the role of Swedish government research funding
in the development of technology for mobile telephony, especially GSM, and the

subsequent Swedish success.

The study shows that a number of factors were important. These included the
dialogue between the supplier Ericsson and the customer Swedish Telecom and
their mutual support in the international standardisation process. Another factor
was the technological capabilities and market strength already built up under the
Nordic cooperation that created the NMT system.

VINNOVA’s mission is to promote sustainable growth
by funding needs-driven research
and developing effective innovation systems

VERKET FOR INNOVATIONSSYSTEM — SWEDISH GOVERNMENTAL AGENCY FOR INNOVATION SYSTEMS

VINNOVA, SE-101 58 Stockholm, Sweden Besok/Office: Master Samuelsgatan 56
Tel: +46 (0)8 473 3000 Fax: +46 (0)8 473 3005
VINNOVA@VINNOVA.SE  WWW.VINNOVA.Se
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