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ABSTRACT

The paper focuses on the response strategies of public research
systems in various advanced developing countries (Brazil, India and
Korea) to specific challenges paused by increasing integration of their
respective host economieswith rest of the world. These challenges have
dented holes in the traditional support mechanisms for supporting such
public R&D projects. The traditional support mechanisms had two
integral components. (i) supporting the organisation and conduct of
these public R&D projects through the provision of targeted research
grants and other fiscal incentives; and (ii) providing an assured market
for the output of these R&D projects through subscription to public
technology procurement. Admittedly increasing deregulation and
economic liberalisation meant that it hasbecome very difficult to continue
support public R&D projects through these traditional support
instruments. The new international governance rules imposed by
multilateral agenciessuch astheWTO on R& D subsidiesand government
procurement have added further constraints. M ost devel oping countries,
consequently, cop out while afew have managed to put in place, albeit
through an iterative process, ingenious support instruments that can
continueto facilitate such public R& D projects. The paper surveysthese
various ingenious, but credible instruments that serve as an important
lesson for other developing countries which are in exactly the same
situation. In short the paper focuses on practical policy concerns that
can easily be replicated el sawhere in the developing world.

Keywords: innovation capability, R&D policy, telecommunications
equipment industry, telecom software exports, public
technology procurement, Brazil, India and Korea

JEL Codes: L63, 031, 032, 038



Introduction

Developing countries typically import technologies from firmsin
the north. Given the location specificity of technology meant that
borrowed technol ogies may have to adapted local conditions. Otherwise
the process of technology transfer is deemed to be unsuccessful and not
contributing to development of technological empowerment of sortsin
the importing country. Experience has shown that some technologies
than others are very difficult to be adapted to local conditionsin view of
their compl exity. Telecommuni cationstechnol ogiesfall into this category.
Brazil, India and Korea are three such developing countries which had
initiated large publicly funded R&D projects for developing modern
state-of -the-art tel ecommuni cations technol ogiesthat are consistent with
the usage pattern prevailing in their respective home countries. The
strategies employed by these countrieswereidentical: set up stand alone
public laboratories which developed modern digital switching
technol ogies and then transfer these to domestic private and public sector
enterprises. All thethree countries have had varying degrees of successes
with the development and transfer of these complex technologies. On
the contrary, China appears to have followed atotally different strategy
of locating the R&D project in an enterprise and then supporting this
enterpriseto grow larger and stronger. Theincreasing external integration
of their telecom economies, the deregulation or privatisation of telecom



services and the phenomenal growth of mobile telephony all implies
that this traditional strategy of technology devel opment through public
R&D has come under severe threat in al these countries. And the
countries have responded to these strategies in different ways. In the
present paper, the vastly differing responsesin strategies, of three of the
countries namely Brazil India and Korea, to cope with the challenges
paused by globalisation, in a systematic and comprehensive manner, is
attempted. The study focused on identifying the direction of movement
of innovation capability in telecommunications equipment industry in
all the three countries especially during the post privatisation phase and
then discussing theinstruments put in place by the countriesto maintain
this capability against heavy odds to the contrary. These instruments
could broadly bedividedinto: (a) thoseleading to more R& D investments
through essentially fiscal instruments; and; (b) thoseleading to an assured
market for the output of this R& D through essentially legal instruments
stipulating the procurement of these products by service providers.
However the existence of certain other factors such asthe availability of
deferred credit facility especially under the umbrella head of bilateral
credit and continued reduction in tariff protection have sought to vitiate
or nullify the positive effect of these instruments. The ensuing analysis
shows that while the Brazilian innovation system islearning to adjust to
the changes in its external environment the Indian one is struggling to
exist and the Korean oneis marching forward. The main policy conclusion
that emanates from the study is that sectoral systems of innovation can
be dynamic and self-sustaining if and only if the firms (which actually
manufacture and sell the equipments employing the technologies
developed locally) are made central to it.

The paper isstructured into six sections. Thefirst section delineates
the conceptual framework used in the study and identifies the main
research questions. The second section surveys the main structural



changesin theworld telecommuni cations equipment industry and draws
out the implications of these changes for public research systems in
developing countries. The third section presents some basic facts about
the telecommunications industry in Brazil, India and Korea. An index
for measuring changes in the innovation capability of the industry is
presented in the fourth section. Employing the index the section also
analysesthe changesin innovation capability of the telecommunications
equipment industries of Brazil, India and Korea. The fifth section
contrasts theinstruments of state support put in place by these countries
to maintain and progress with innovation capability. The sixth section
concludes with a speculation on the future scenario for the sector in
each of the three countries.

I. Conceptual framework: The study employs a sectoral system of
innovation perspective (Edquist, 2003). The innovation systems for
telecommunications consist of four main components. The first
component is the government which provides the overall policy
framework within which innovative activities are carried out by firms
and research ingtitutions. Thein-house R& D centres attached to business
enterprises and government research institutes constitutes the second or
the most important component of the innovation system. The telecom
services providers, both fixed and mobile, constitutes the third
component. In very many cases it is the service providers which have
actually financed theinnovative efforts of firmsand government research
institutes. The agencies dealing with standards and regulatory issues
form the fourth component. It is the complex interaction of all these
four agents that results in innovation in equipment production.
Il. Structural changesin the World telecommunications
equipment Industry

It was argued by Mani (1995) that the innovation capability of

developing countries in areas of high technologies such as



telecommunications equipment sector are influenced in a significant
manner by not only the domestic policies and support systems which
favour such activity but also by the external environment. In current
times, this external environment has two main components (Figure 1).
First is the pressure exerted by powerful MNCs. These MNCs have
become more powerful in the period since the mid 1990s and this can be
measured in terms of oneindicator namely increasein the market power
of the MNCswhichinturnismeasured by their hold over the market for
their products and secondly in their ability to make rapid technological
innovations. The second component of the external environment is the
deregulation of thetelecom network or carrier industry (or thedistribution
of telecom services segment). This part of the industry used to be the
exclusive preserve of a state-owned monopoly, but has been gradually
opened up to private sector carriers. Consequent to this the market for
telecommunications equipment has widened and many value added
services, which were hitherto not available, has been introduced for the
first time. The new private sector carriers (some times these too are
affiliates of MNCs) would like to purchase state-of-the-art equipments
from abroad. Given this, despite the possible increase in the size of the
domestic market, the domestic telecommunication equipment vendors
may face tough competition from international vendors. Thusfaced with
increasing competition, it is possible that the innovative capabilities of
the domestic agencies are adversely affected. Towards understanding
this line of argument, | first present the changes in the world
telecommuni cations equipment industry to show that the market power
of the various firmsin the industry hasincreased significantly in recent
time.



Figure 1. External environment obtaining to the domestic
telecommunications equipment industry
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Theinternational telecommunicationsindustry has beenin astate
of flux especially after the burst of the telecom bubble in 2000. The
industry has become so complex that it is convenient to invoke a"layer
model" to understand what we mean by the tel ecommunicationsindustry
in the present century. Fransman (2002) divides the evolution of the
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Table1l: Characterisation of the old and new telecommunications

industry
Layersof theOld Tdecom Industry L ayer sof theNew | nfocommunications
A 4 v

Layer Activity Layer Activity Example Companies

Il | Service Layer VI | Customers/consuming
(voice, fax, 0800
services)

Il Network Layer | IV | Application Layer, Bloombergs, Reuters,
(circuit-switched including contents AOL-Time Warner,
network) packaging MSN, Newscorp

(e.g., Web design,
on-line information
services, broadcasting
services, e-commerce
€tc)

| Equipment Layer | 11l | Navigation & Yahoo, Netscape,
(switches, Middleware Layer Vizzavi, Google,
transmission (e.g., browsers, Genieetc.,)
systems, customer portals, searcdh
premises engines, directory
equipment) assistance, security,

electronic payment,
€tc)

TCP/IP Interface

Il Network Layer AT&T, BT, NTT,
(e.g. optical fiber WorldCom, Qwest,
network, mobile Colt,Energis,
network, DSI, local Vodaphone,

network, radio access
network, Ethernet,
framerelay, ISDN,
ATM. Etc)

NTT DoCoMo etc

Equipment and

Software L ayer
(e.g. switches,
transmission
equipment, base
stations, routers,
servers, CPE, hilling
software etc)

Nortel, Lucent, Cisco,
Ericsson, Nokia

Source: M.Fransman, http://www.TelecomVisions.com
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industry into two separate phases. the old-telecoms industry up to the
mid 1980s and the new telecoms industry which was born towards the
beginning of the 1990s. Employing alayer model he identifiesthe main
differences between the two phases. The new telecomsindustry is very
often referred to as the infocommunications industry. See Table 1 for a
characterization of the old and new industries.

The model helps us to understand the evolving structure of the
telecommunications industry. In the present paper, our concern is
primarily with the first two layers of the new infocommunications
industry. There are at least two trendsin theindustry that isworth noting,
namely (a) the industry is becoming very oligopolisttic consequent to a
wave of mergers and acquisitions; and (b) there has been significant
increase in the innovative activity of these enterprises. These two trends
put together have meant that telecom manufacturers and research agencies
in developing countries have been completely dwarfed by these
developments.

(a) TheWorld telecoms equipment industry isbecoming more
oligopolistic over time

Owing to its natural monopoly status the telecommunications
industry (especialy the network or carrier segment) has always been
monopolistic. Therecent wave of liberalization of theindustry has sought
to maketheindustry more competitive in terms of increasing the number
and size distribution of firms constituting the industry. While there has
been some deconcentration of the carrier sesgment acrosstheworld, the
degree of concentration in the equipment sector has increased
significantly. Thisisan interesting finding as the equipment sector was
largely inthe private sector acrossthe world excepting in some devel oped
and most developing countries. In order to measure the degree of
concentration over time, | employ the familiar Herfindhal Index
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(H-index).! Even the equipment sector is not a homogeneous one: it
can be decomposed into at least three segments, namely switching,
transmission and terminal equipment segments.

Based on this, | define two variants of the H-Index. The first one
to be denoted as H, measures the degree of concentration in the whole
equipment industry and the second one to be denoted as H, measures
the degree of concentration in just the switching equipment segment.
Based on the data provided in Dorrenbacher (2000), the two variants of
the H-Index have been computed for 1995 and 1998. See Figure 2.

Figure2: Degreeof concentrationintheworld telecommunications
equipment sector, 1995 and 1998

Herfindhal Index

o
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Source: Dorrenbacher (2000)

The following inferences can be drawn:

. The level of concentration in the overall telecoms industry has
virtually remained the same over the two periods under
consideration;

1. Thisindex is computed by summating the squared market shares of all the firms

in aspecific industry. Theindex ranges from zero to one, and higher the value of
the index higher is the degree of concentration.
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. However the level of concentration in the switching equipment
industry has registered a significant increase of about 79 per
cent. In fact in 1998, the top four firms in the industry, namely
Lucent, Ericsson, Alcatel and Nortel accounted for about three
guarter's of the total switching equipment sales in the world.

. Also the level of concentration in the switching equipment
segment has always been higher than in the overall industry.

In fact through a recent wave of mergers and acquisitions, the
traditional equipment suppliers whose core-competencies and activities
are in switching and transmission for traditional telecommunications
infrastructures have extended their control over the new equipment
suppliers whose core competencies are in switching and transmission
for new telecommunicationsinfrastructures. Thustheleading switching
equipment manufacturers such as Lucent, Alcatel and Nortel have not
only consolidated their position in their traditional fields of competence
but also have amassed considerable technological and market clout in
the new technologies. Thus the traditional equipment companies have
become even more formidable as they have access to a wide variety of
markets. Gaffard and Krafft (http://www.wu-wien.ac.at/inst/vw1/gee/
emaee/emaee0~1.pdf, Accessed on 19/11/02) have mapped out this
complex vertical integration strategy of the traditional equipment
manufacturers (Figure 3). According to them the different arrows
contribute to explain the different stages of evolution of the vertical
structures between telecommunications carriers and equipment
suppliers.

They identify three stagesin the evolution of vertical structuresin
the industry. In the first stage, represented by Arrow 1, describes the
initial situation when the traditional equipment suppliers at the
upstream level have only one category of customers, namely the
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telecommunications carriers at the downstream level2. The second stage
is represented by Arrow 2 and it represents the role played by the new
telecommunications equipment suppliers on the entry of new firms at
the downstream level. Finally in the third and final stage represented by
Arrow 3 represents the merger strategy of the traditional equipment
suppliers to have access not only to the core competencies of new
equipment suppliers but also to extend their share of the new market
created by the new carriers. In short the world telecommunications
equipment industry have become more oligopolistic and thereby
increased its market power by a considerable measure.

Figure 3: Thecharacteristicsand evolution of vertical structures
in telecomsindustry
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Source: Gaffard and Krafft, http://www.wu-wien.ac.at/inst/vwl/gee/
emaee/emaee0~1.pdf

(b) Innovative activity in theworld telecom equipment industry
hasincreased significantly

Telecommunications equipment industry is one of the most
research intensive industries in the world. The research intensity of the

2. During this time both ATT and Lucent is the same company.
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sector has averaged over 7 per cent of the sales revenue per year®. |
measure the innovative activity of the sector in terms of two standard
indicators, namely an input indicator such as R& D expenditure (Figure
4) and output indicator such asthe performance of these companieswith
respect to patenting (Table 2). Both the indicators show that there has
been significant increase across the board in the innovative activity of
these enterprises especially during the period since the mid 1990s. An
interesting feature is the fact that the increase in the number of patents
secured by all the companiesisbetter than their performance with respect
to R&D investments.

Figure4: R&D expenditure of leading world telecommunications
equipment manufacturers, 1997-2003

=
]
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Source: MIT Technology Review (2004)
3 While the R& D-to-sales ratio reflect the relative tendency of companies within

an industry to devote their own resources to R&D activities, they do not reflect
the additional resources provided by governmentsthat increase the actual amount
of R&D performed. Such governmental support for R& D varies by industry to
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Table 2: Patenting performance of world telecommunications
equipment manufacturers, 1998-2000 (Number of patents

granted in the USA)

1998-99 2000
L ucent 881 1443
Motorolla 1193 1241
Ericsson 320 775
Cisco 25 133
Alcatel 285 423
Qualcom 63 111
Cabletron 17 41
Ciena 6 26
JDS Uniphase 36 52
Qwest Communications 33 29

Source: MIT Technology Review (2004)

Based on the data presented in the two tables, it could safely be
concluded that the leading telecom equipment manufacturers have not
only increased their share of the market but also of their control over the
technol ogy.

From theabove analysis, thefollowing pointsemerge: (i) Theworld
telecommunications equipment industry isbecoming more oligopoalistic;
and (ii) the industry is becoming more innovative and hence more
powerful. It is against this background that one has to analyse the
innovative behaviour of relatively speaking small public research
organisations in the devel oping world.

industry. But since telecommunications equipment industry has many dual
applications, both in defence and civilian, situations, they are very likely to
receive large doses of governmental funding. Therefore, any study of the broader
question of how much total R&D is performed by industry would require
supplemental dataon governmental support whichisvery often difficult to obtain.
| have obtained an average of 7 per cent by taking the average R&D to sales
ratio of al the U.S communications equipment industry during the 11 year period
1986 through 1996. Given the fact that most of the telecommunications
equipment firms are U.S based this is a very plausible assumption to be made.
See National Science Foundation (1999).



17

[11. Thethreecasesfor in depth examination

Brazil, Korea and India are three developing countries, which
attempted to establish large public R& D systemsin their respective host
economiesto create new technol ogiesin especially telecommunications
technologies. Although the three countries differ from each other on
many grounds, there are at least two points on which they are roughly
similar. First all, three of them followed the same strategy of establishing
alarge public R& D laboratory to generate local capability in design and
manufacture state-of-the-art telecom switching egquipments and then
transfer the technology to local public and private sector enterprises.
Second, all three of them have a sizeable domestic market for
telecommunications equipments, which is fast growing as well (Table
3). On these grounds all the three cases are eminently suitable for an

Table3: Main featuresof thetelecommunications sector in Brazil,
India and Korea

Brazil India Korea

¢ Population 172.39 1048 47.34
(Millions, 2001)

e Per capitaGDP 7360 2840 15090
(PPP Current
International 2001)

¢ Number of Fixed 38.91 (22.52) | 43.82(4.40) | 23.26 (49.13)
telephone lines

(in million, 2004)

e Number of mobile 34.88 (20.23) | 42.97 (4.30) | 32.34 (68.31)
telephone subscribers
(in million, 2004)

e Sizeof telecommu- 20990 5665 22663
nications services
market (in millions
of US$, 2002)

¢ Domestic production 4395 3176 26778
of telecommunica-
tions equipment
(inmillions of US $)

Notes: Figuresin parentheses indicate density of telephone per 100 people.

Source: Own compilation




18

Table4: Relative rate of investment in telecommunications in
Brazil, Korea, India

(Telecom investment as a percentage of Gross Fixed Capital Formation)

Brazil Korea India
1986 242 5.57 1.27
1987 2.29 3.55 1.47
1988 243 331 2.39
1989 2.78 4.24 2.53
1990 231 3.16 2.24
1991 4,12 2.87 2.49
1992 4.42 2.73 2.90
1993 3.65 2.66 3.19
1994 331 2.67 3.06
1995 3.05 243 2.83
1996 4,55 3.05 2.57
1997 4.32 4.84 251
1998 6.83 474 2.53
1999 6.52 6.24 3.01
2000 7.87 5.93 3.45
2001 6.69 5.81
2002 6.10 5.10 3.30

Source: Computed from International Telecommunications Union (2004)

in-depth comparison of their differing experiences in the creation and
maintenance of innovation capability in telecommunications equipments.
Further 1 make a comparison of the three countries on five dimensions
of their respective telecom economies. They are: (i) the relative rate of
investmentsin telecommunicationsindustry; (ii) the growing importance
of mobilecommunications; (iii) decliningimportance of public switching
in Brazil and Koreg; (iv) relative size of telecom equipment industry in
relation to the services segment; and (v) structural changesinthe services
segment of the industry in all the three countries.

(i) Relative rate of investments in telecommunications: Both in Brazil
and Indiainvestmentsin tel ecommuni cationswere not given dueimportance
during the early period uptothe 1990s (Table4) . In Brazil theinvestments
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in telecommuni cations as a percentage of grossfixed capital formation shot
up to 6 per cent per annum since 1998 consequent to privatisation: it used to
be only 4 per cent per annum in the period up to privatisation. In Indiathe
situation was even worse off with telecom investments averaging just about
2 per cent of overdl investment. This has since been reversed with relative
investment touching a little over 3 per cent. This low investment in
telecommunications manifested itself in the form of low teledensities, an
ever-burgeoning waiting list for new telephone connections and along and
growing waiting period for these new connections. All these were set to
change with the privatisation and deregulation of services in late 1990s.
Korea, onthe contrary, hasabetter history of telecom investments, although
the relative rate of investment had come down to about 2 per cent during
much of thefirst half of the 1990s.

(i) Growing importance of mobile communications: An important
feature of telecommunications services segment across the world isthe
relative faster growth of mobile communications compared to fixed
telephony. This general trend is reflected in al the three countries as
well (Table 5). Of the three, the ratio of mobile communication to fixed
telephony has crossed unity much earlier in Koreain 1999 itself followed
by Brazil in 2003 or so. The important point is that mobile
communications is going to be very important in al the three countries
and so amastery over mobile communicationstechnology islikely to be
amagjor asset. Of the three, aswill be discussed below, it isonly Korea,
which has this competence.

(iii) Decliningimportanceof fixed linepublic switching: Asacorollary
of the above there has been adeclinein the rel ative production of public
switching equipmentsin al the countries* (Figure 5). Thisonce again,

4 Since data on public switching production is not easily available for India, the
analysis here isrestricted just to Brazil and Korea. But my understanding is that
it holds good for India as well.
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Figure5: Declining importance of public switching, 1990-2002
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Source: Computed from Mani (2004 a) and Mani (2004b)

has important implications asin all the countries considerable capacity
had been built up only in fixed line switching technology excepting for
Koreawhere considerable capacity hasbeen built up in mobile switching
and handsetsaswell. So thisdeclinein theimportance of public switching

Table5: Growingimportance of mobile communicationsin Brazil,
Indiaand Korea (Ratio of mobileto fixed)

Brazil India Korea
1996 0.165 0.023 0.162
1997 0.267 0.050 0.337
1998 0.369 0.055 0.698
1999 0.602 0.071 1.143
2000 0.750 0.110 1.223
2001 0.768 0.167 1.278
2002 0.899 0.306 1.391
2003 0.990 0.681 1.460

Source: Mani (2003) and Mani (2004 aand b)
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does not have any negative implications for Korea while it has serious
implications for the research systemsin both Brazil and India.

(iv) Relativesize of thetelecommunicationsequipment market: The
telecommunications industry in any country has two components:
manufacturing of telecommunications equipments and distribution of
telecom services. In most countriesthere has been aphenomenal growth
of the services segment consequent to the introduction of mobile
telephony and other value-added services. The three countries present
three different scenarios. In Korea the equipment sector has become
more important than the distribution of services segment in 1997, in
Brazil there has been considerable erosion in the relative size of the
equipment sector while in India the equipment sector's share has more
or less been maintained. This picture is quite understandable as both
Korea and India have a, relatively speaking, stronger history of
manufacturing telecom equipments than Brazil.

Figure 6: Present Innovation System of the Brazilian Telecomm-
unicationsIndustry

ocn

1

Source: Own compilation
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(v) Structural changesin thedistribution of services segment: The
telecom services industry being the main consumer of telecom
equipments is one of the main components of the innovation system.
The segment has undergone a radical structural change in al the three
countries (Table 6). Three issues stand out. First the sector has been
completely deregulated reducing the natural monopoly status of
incumbent PTTs. Although only in Brazil, the sector has been completely
privatised in the sense that the incumbent PTT, namely Telebras was
sold in 1998 through a major divestment exercise. In Korea athough
Korea telecom was privatised, it still accounts for a large share of the
fixed telecom services. Finally in India, the incumbent PTT was
corporatised, but continue to hold a major chunk of the market.

Table6: Structure of Telecommunications services industry in
Brazil, India and Korea (c2003)

Fixed Telephone I ndustry M obile T elephone Industry
2 Industry was privatised in 1998 2  Thereare five operator groups, two
Brazil small regiona operatorsand anew
entrant soon in the form of Brasil
?  Divided into four regions Telecom - A fractured market.
2 Duopoly in each of the regions (One M arket Shares, 2003 (% )
major player plus amirror
conessionary)
? Vivo452Clao20.4 TIM Brasil 17.9
0Oi 8.4 Telemig/
Amazonas Celular 7.3 CTBC 0.7
Sercom 0.2
Haphazard privatisation. Although the Market is competitive. There are five
fixed market is open to competition, the service providers:
India market for local calls is dominated by the
ndi state-owned BSNL M arket Shares , 2003(%)
International and long distance incumbent | Reiance: 28;
VSNL (now privatised) is steadily losing Bharti: 24
market share to aggressive new entrants BSNL: 21
Reliance Infocomm, Data A ccess and Hutchison: 17
Bharti Telesonic Idea: 10
Industry was privatised in 1997 Only three service providerswith a
K orea dominant service producer
KT Corp, the former monopolist, hasa Market Shares , 2003 (%)
tight grip on the market. Three smaller
players, Hanaro, Dacom and Thrunet have SK Telecom: 55
struggled to loosen KT'sdominance but KT FreeTel: 31
have made little impact LG Tdecom: 14

Source: Own compilation
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IV. Innovation system and its performance: Post privatisation

The sectoral system of innovation of all the three countries is
broadly similar (Figures 6, 7, and 8). Central to the innovation system
are the three public laboratories, CPgD in the case of Brazil, C-DOT in
the case of Indiaand the Electronics and Telecommunications Research
Institute (ETRI) in the case of Korea. But there is one fundamental
difference between Korea on the one hand and Brazil and India on the
other. The main difference is in the importance and capability of
manufacturing enterprises. In Korea the manufacturing enterprises too
are an integral component of the innovation system and the main
manufacturers al have relatively stronger in-house R&D centres. As
can be seen from my subsequent discussion this meant that the Korea's
sectoral system for telecommuni cations has been much moreresilientin
dealing with the negative effects of globalisation.

Figure 7: Present innovation system of the Indian Telecomm-
unicationsIndustry
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Dispute Settlement Communications, Future Software, Wipro, C-DOT) [&Dur‘%’y
Telecom Dispute Settlement and « Affiliates of MNCs (Texas Instruments,  Motorola India, Intel,
Appellate Tribunal (TDSAT) Lucent, CISCO, Analog Devices, National Semi conductor)
6. Standardisation activity and drawing up of generic requir ements
and specification for telecom products, equipment, systems,
TDSAT is to adjudicate any dispute services and networks, (Telecom Engineering Centre)
between licensor and a licensee,
between two or more service providers,
between a provider and a group of
consumers, and to hear and dispose of
appeals against any decision or order of
TRAI

Source: Own compilation
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Figure 8: Present innovation system of the Korean Telecomm-
unicationsIndustry
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Following Mani (2003, 2004 a and b), the term innovation
capability in a particular technology is defined as the ability to
conceptualise, design and manufacture state-of-the-art
telecommuni cations equipments and also to keep pace with changesin
the world frontier in that technology. Trandliterating this definition of
innovation capability into measurable indicators is attempted by
employing four separate but related indicators. They are: (a) two separate
indices of innovation capability which measures innovation capability
of both fixed and cellular telecom equipments respectively; (b) market
share of domestically developed switches in the total Brazilian, India
and Korean network; and (c) an analysis of patents granted to local
inventorsin four US patent technology classes, namely in 370, 375, 379
and455. However dueto datalimitation thethird indicator iscomputed
only for Korea, while for both Brazil and India the total nhumber of
patents secured is indicated; and (d) other indicators of innovation
capability. Thisis presented only for India.

(a) Index of innovation capability: There are two such indices. Index
of innovation capability in fixed telephone equipment, [1CFT and Index
of innovation capability in mobile telephone equipments, IICMT. They
are computed as follows:

IIC, = Domestic production of public switching equipments* 100-(1)

Domestic production +Imports-Exports of public switching
equipments

[1C,,; = Domestic production of wirelesstelecom terminals * 100---(2)

Domestic production+ Imports-Exports of wireless telecom
terminals

Where wireless telecom terminals is composed of cellular
phones + PCS+ IMT-2000 terminal+ TRS terminal .
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While (1) is computed for all the three countries (2) is done only
for Korea. A few further comments about the indices are in order, given
the quality and availability of data at individual country levels. In the
case of Brazil, (1) is computed in a slightly different manner. Hence |
have adapted theindex to suit the specificities of the Brazilian case where
thetotal demand for switching equipmentsis met through both domestic
production and imports. Domestic output emanates from domestically
developed technologies and from imported technology by affiliates of
MNC:s. . Equation 1 a explains this further:

lICv = = %100 > (13

d

{(P, +1) ~ E3
Where
I1Cv = Index of innovation capability based on value terms

P, = Domestic output of switching equipments in value terms.
This data are taken from Vainsencher (2003)

IS =Imports of switching equipments
Es = Exports of switching equipments

Both the import and export data are taken from the U N Comtrade
Database. In this database trade data are classified according to six
different classification systems. | have chosen the Standard I nternational
Trade Classification, Revision 3 (SITC Rev. 3) asunder thisclassification
system dataare available at five digit level over the period 1989 through
2002. Further in SITC Rev. 3 code 76415 denotes telephonic or
telegraphic switching apparatus. Hence in my view this dataset is the
most direct onefor measuring imports and exports of telephone switching
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Figure9: Index of innovation capability in Brazil, Indiaand Korea,
1990-2002
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|==India 175.99 | 7354 | 109.8 | 84.36 | 104.8 | 145.48 | 234.83

Source: Mani (2003, 2004 a and b)

equipments to a country® : switching equipments, on an average
accounted for only 18 per cent of imports and 36 per cent of total
telecommunications equipment exports. Based on the data and using
equations (1) and (1a), index of innovation capability is computed and
ispresented in Figure 9.

Before interpreting the Figure, it is important to state two major
limitations of the index. First, it israther difficult to interpret short-term
movements in the index. Second, the index is defined in terms of

5 All the scholars who have computed net exports of telecommunications
equipments to Brazil have relied on the trade data on total telecommunications
equipments provided either by the industry association ABINEE or by the
BNDES. See for instance Schjolden (1999), Szapiro and Cassiolato (2003).
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production figures, and not in terms of number of working connections:
problemsin domestic production may bring down the value of the index
for that year, but this may not mean that the innovation capability is
decreasing. It isimportant that one should be using the index to form an
informed opinion about the over all movementsin innovation capability
over a period of time. In other words the index is not robust enough to
track year to year movementsin innovation capability. But | argue that
this will only affect the level of the index and not its direction of
movement. Thiswill become clearer when one analysesthe actual market
share of domestically developed switches in the total network. The
performance of the three countrieswith respect to thisindex is discussed
below:

Korea: Korea has innovation capability in both fixed and mobile
telecom equipment although its capability in mobile equipments appears
to be stronger than in fixed telephones. The successful implementation
of both the TDX digital technology in fixed telephones and CDMA
technology in mobile telephones are clearly reflected in the upward
movements in both the indices.

Brazil ¢ Theindex showsadeclining trend. However one should
not be hasty in interpreting this to a decline in innovation capability.
Thisis because, as noted before, the index is based on domestic output
manufactured with both domesti c and foreign technol ogy. From scattered

6 There are, however, three important caveats. Firstly, as mentioned before data
on domestic output (namely Psd) is available only at the aggregate level. Idealy
speaking one should use only that part of the total domestic output that is
produced with domestic technology. This data, however are not easily available.
Hence we are interested in only the broad trends in the movement of the index.
Secondly, even the data on domestic output of switching equipmentsare available
only for the period since 1998. Thirdly, it is very likely that the import data
(especially) on switching apparatus® includes both fixed line and mobile
switching centres as well. Once again ideally speaking a break up of the two is
needed and in very specific terms one should be using only the import data on
fixed line switching.
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evidence that is available (to be seen in detail below) installed capacity
based on domestic technology at no timein the history (precisely during
the 1976-2003 period) was more than 30 per cent of the total installed
capacity for switching equipmentsin the country. The three affiliates of
MNCs, namely Ericsson, Siemensand NEC accounted for alarger share.
Based on this, my conjecture is that even though the market share of
domesti cally manufactured switching equipments (in total consumption)
have suffered a decline especially with increasing imports, the relative
share of switching equipments manufactured with domestic technology
has continued to maintain its previously acquired share at about the same
level. Since precise data on this share especially during the 1998-2003
periodisnot available, afall inthe lICV cannot beinterpreted to mean a
fall ininnovation capability. Of course, based on other piecesof evidence
to be presented in our discussion on changesin the innovation system, it
was indeed subjected to a major structura transformation during the
period and these changes may have adversely affected the performance
of the system. But the Brazilian government have indeed responded to
these challenges and have put in place a whole package of legal and
fiscal instruments designed to continue to support the domestic
devel opment of technology. | will be discussing this package of measures
inthe next section. In short, given thetransitory nature of the phenomenon
it is not easy to draw firm conclusions about movements in innovation
capability either way. Even though imports of switching equipments have
been increasing during the 1990s, much of the increases have happened
during the pre privatisation phase (1991-1997). The average rate of
growth of imports during this period was 49 per cent per annum as
compared to only 22 per cent per annum during the post liberalisation
phase (1998-2001)" . Much of thisincreasein the pre privatisation phase

7 The growth rate during the post liberalisation phase (1998-2002) plummets to
just 2 per cent if oneincludes the abnormal year of 2002. Owing to the telecom
bust of 2000, 2002 was avery bad year for the world telecommunicationsindustry.
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might have been contributed by the phenomenal growth of mobile
telephony. Once again it may not be very prudent, therefore, to link the
increases switching equipment imports to privatisation of telecom
servicesin the country. Itisinteresting to note that there has been some
switching equipment exports, although it has tended to come down over
time. My analysis of the UN data shows that most of these exports have
been to other Latin American countries. However, once again since the
export datais not broken into those that are based on domestic technology
and those that are not, one cannot use this data for drawing
any conclusions about the direction of movement in innovation
capability.

India: Excepting for theinitial year, theindex has been showing
a continuous rise over time implying arising capability. Thisfinding is
quite significant as this has been happening at atime when the industry
was going through a flux: the service segment was getting deregul ated
and MNCswere entering the equipment industry. So despitethesefactors
which can militate against the usage of domestically designed switches
one sees a systematic and continuous increase in its market share. This
could largely be explained by the public technology procurement policy
of thelargest consumer, the Department of Telecommunications (DoT).

(b) Market sharein the telecom networ k

The share of domestically developed switchesin thetotal network
range from 32 per cent in the case of Brazil to about 75 per cent in the
caseof Korea(Table 7). Inal thethree countries domestically devel oped
switches are used primarily in the local call segment of the services
industry. In India an irregular import of switching equipments (Mani,
2003) during the 1990s reduced the share of domestically developed
switchesto about 30 percent of theannual intake of switching equipments
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in the network®. Thus from this evidence too it is clear that Korea's

innovation capability is very much intact although both in Brazil and

India, the share of domestically developed switching equipments have

suffered some erosions.

Table7: Domestically developed switching equipmentsin thetotal

telecom networ k of Brazil, Indiaand Korea (Cumulative)

Period Type of Market share
technology in per cent
Brazil 1987-1997 Tropico family
of digital switching 32.03
systems
India 1986-2003 C-DOT family of
digital switching 50.00
systems
Korea Ason December | TDX family of
31- 2003 digital switching 75.56
systems

Source: Mani (2003) and Mani (2004 aand b)

8

It isaso clear from an answer to an unstarred question (Rajya Sabha Unstarred
Question No: 4125, http://164.100.24.219/rsg/quest.asp?gref=21560) in the
upper house of the Indian parliament that the DoT procured almost five times
the tendered quantity of switching equipments during the same period,
supposedly for modernising the network with ISDN facility™ But the number
of subscribers using ISDN in the whole country was just 309** So it is clear that
DoT appears to have purchased these ‘overspecified’ equipments far in excess
of its actual requirement and this ‘excess purchase’ appears to have eroded the
market share of C-DOT. Further the Comptroller and Auditor General of India
(2000) found number of other irregularities with this tendering process. For
instance, although most of the components of these switching equipments were
imported by the suppliers, DoT assumed the import content as low as 23 per
cent while working out reduction on rates on account of fall in customs duty in
the 1995-96 budget. This inaccurate assumption by DoT led to excess payment
of Rs 405 million to the suppliers with corresponding loss to the government
excheguer. DoT aso had to make an avoidable expenditure of Rs 639 million in
the procurement of these exchanges against 1997-99 tender due to failure of the
Tender Evaluation Committee (TEC) to submit its report within the bid validity
period. TEC took 190 days in finalisation of its report against the prescribed
limit of 42 days;
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(c) Patenting performance

The number of patents granted, especially abroad, is a good
indicator of innovative capability. However, as mentioned earlier,
consistent time series data on foreign patents exists only in the case of
Korea. Korean institutions, primarily, Samsung and ETRI has been
particularly active in patenting in four areas directly connected with
telecommuni cations technol ogies, namely US patent technology classes
370, 375, 379 and 455 (Table 8). It isseen that there has been asignificant
acceleration in patenting since 1998. Although the patents secured in
year't' istheresult of research donein't-1' period, it isinteresting to note
that there has been no decel eration in the number of patents secured by
Korean ingtitutionsin the US since the period of globalization. Interms
of the number of patents in these four classes, Korea compares very
favourably with three European countries such as France, Germany and
Sweden.

Table8: Patenting performance of South Korea Inventorsin the
USfor Telecommunicationstechnology classes, 1990-2001

(Number of patents granted)

370 Multiplex 375 Pulse of 379 Telephone 455
communication digital communications Telecom
communications munications

1990 0 0 4 2
1991 4 5 9 3
1992 1 4 9 3
1993 3 8 8 8
1994 3 12 5 8
1995 3 19 4 4
1996 20 45 7 7
1997 19 43 6 5
1998 36 80 46 18
1999 46 77 64 45
2000 53 76 28 58
2001 63 89 11 76

Source: USPTO
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The Brazilian CPgD has secured over 100 patents within Brazil
and about 50 abroad, while India's C-DOT did not focus on patenting its
innovation, but has managed to export its small rural exchange
equipments to over twenty developing countries. Further the USPTO
has granted C-DoT a patent for Asynchronous Transfer Mode (ATM)
switch fabric implementation, which enables higher speed data
transmission.

(d) Other indicators

Indiahas demonstrated innovation capability inaWirelessin Local
Loop (WiLL) access equipment called corDECT. In most countries the
telecoms boom | eft an oversupply of fibre-optic cable along trunk routes,
but this links directly only to the largest customers. Homes and small
officesthat want high-speed internet access usually subscribeto either a
digital subscriber line (DSL) or a cable-television service. Both are far
fromideal: the phone wires used by DSL and the television cables tend
to be owned by monopolies, and neither was designed for surfing the
web. Retrofitting a 1950s telephone line for broadband takes a lot of
work, making cheap DSL hard to supply profitably. In principle, the
new WiLL has no such drawbacks. Indeed, many see it as an ideal
solution to the local access problem asiit is based on radio waves. Of
course, most WiL L systemsrequiretheir own dedicated radio frequencies,
but regulators have been fairly generous with these-selling enough
licencesto competing WiL L operators at afraction of the prices paid by
mobile-phone operators. Some can even use the same free, unlicensed
frequenciesinthe 2.4 and 5 gigahertz bands. Inthereal world, wireless
has so far lagged behind both cableand DSL. CorDECT isaWiLL access
technology developed by two Indian research organisations namely [T
Chennai, Midas Communication Technologies, Chennai and a US
semiconductor manufacturer. The project started towardsthe end of 1993
and was completed in 1994. The innovation system for this technology
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consisted of three different types of entities, namely (a) Indian Institute
of Technology, Madras and Midas Communications; (b) Four private
manufacturers who funded the project through advanced licences; and
(c) Semi conductor manufacturer which included aMNC fromthe U S.
Royalty from their equipment sales goes to IIT, Chennai. The total
development cost of the project was Rs 750 million financed mainly
through, as mentioned before, advanced licensing. Currently between
the four manufacturers there is an installed capacity to manufacture 1
million lines per annum. This technology offers relatively low cost and
rapid installation of telecom servicesin areas with even high subscriber
density environments. This system relies on a modest bandwidth of 20
MHz for the entire country and is very useful for rura areas where
subscriber density is low and laying of cable is not economical. The
following description of this technology helps one to understand the
significance and utility of thistechnology °.

In very simple terms, corDECT technology will reduce
significantly the access cost of telecom service especially inrural areas™®.
This will hasten the diffusion of internet services in the country and
especialy in the rural areas and is also eminently suited to other
developing countries as well. The system has also been exported to
fourteen different countries namely Madagascar, Kenya, Fiji, Iran,

9 This description is largely based on the information contained in Asian
Technology Information Program (1997) and Jayaraman (2002).

10 CorDECT technology effectively and inexpensively addresses the problems of
distance and lack of infrastructure in rura areas. Installing a fixed wireless local
loop does not require expensive digging, and the system consists of only 4 major
components. Because the central base station/ direct interface unit (CBS/DIU)
handles traffic from 200-1000 subscribers, it works ideally in small, dispersed
markets and does not require the large subscriber base that traditional landline
or cellular systems require for profitability. This low infrastructure investment,
combined with low usage costs, makes the proposition affordable both for
suppliers and customers in capital-constrained economies. See World Resources

Institute, Digital Dividend, http://www.digital dividend.org/action_agendaaction
agenda _01 _nlogue. htm
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Nigeria, Argentina, Singapore, Brazil, Tunisia, Egypt, Nepal, USA, South
Africa and Angola. But thereisvery little quantitative dataon its actual
diffusion within the Indian network: about 100, 000 lines are said to be
in operation within the country. Its diffusion within the domestic sector
hasreceived amajor fillip in 2002 when one of the recent private entrants
namely Reliance Infocomm?!! (which is building one of the largest
broadband networks in India) decided to use corDECT to roll out its
network in rural areas. However the same company has chosen arival
foreign technology, namely CDMA 2000 1X*? to provide servicesin
especially urban residential areas. CorDECT has thus an uphill task
against this imported technology for two reasons. First, the owner of
thistechnology also hasan equity position in one of the largest telecoms
operators in the country and this is likely to influence the technology
purchase decisions of the latter. Second, the leading vendors of the
CDMA technology areall MNCsandthey are ableto give deferred credit
facilities to the operators while the vendors of corDECT which are all
domestic companies are not in aposition to do so. Thus corDECT isyet

11 Reliance Infocomm is part of a large Indian conglomerate namely Reliance
Industries. The American telecoms company, Qualcomm which pioneered the
CDMA technology, holds about 4 per cent of the shares of Reliance Infocomm.
Qualcomm makes money from royalties every time a chipset is inserted into
CDMA phones and other network equipment aswell asfrom licensefees. Further
based on my discussions with Midas Communications, it could be seen that the
order from Reliance Infocomm has led to a large quantum of orders from both
elsewhere within the country and from abroad. For instance, following test-run
with 25,000 CorDect systems in 24 cities across nine states for over an year,
Bharat Sanchar Nigam Limited (BSNL) has recently awarded a contract for
over 0.6 million CorDect lines. The BSNL contract is worth around Rs 7 billion
and is divided among Himachal Futuristic Communications Ltd (HFCL), Indian
Telephone Industries Ltd (ITl), Electronic Corporation of India (ECI), Shyam
Telecom and Hindustan Teleprinters Ltd (HTL) The BSNL contract for CorDect
systemsis mainly for smaller towns and rural areas in these states, according to
Midas Communications director Shirish B Purohit.

12 According to reliable sources, CDMA 2000 1X hasamuch faster datatransferring
capacity at 144 kbps as against coDECT'’s capacity of 35-70 kbps. See India
Bandwidth, http://www.indiabandwidth.com/dirL/wireless8.html
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another instance of the country demonstrating its innovation capability
despite severe competition from MNCs.

India's software exports have been showing some spectacular
performance during the 1990s. But the oft-repeated complaint is that
much of the software exports from Indiais of low technology. But over
time, the enterprisesinvolved in this effort have been attempting to move
up the value chain. A clear manifestation of this effort is the emergence
of telecom software exports from the country. It is generally believed
that the impetus for this originated from C-DOT. This fledgling sector
of the software industry consists of three different types of firms:

0 Indian companies (somewith foreign collaboration) focused only
on telecoms software. Examplesof thiswould be Hughes Software
Systems, Future Software, Sasken, Mahindra-BT etc.

(i)  Information Technology companies (domestic) working ontelecom
software. For exampleWIPRO, Infosys, HCL Technologies, Satyam
Computer, Tata Consultancy Services etc., and

(iii)  Subsidiariesof MNCs. Examples of thiswould beAlcatel, Cisco
systems, Lucent technologies etc.

Telecoms software fall into three areas: (i) embedded software (ii)
system software; and (iii) application software that are used by service
providers. A wide variety of telecoms software such as SDH, DWDM and
optical networking, soft switches and intelligent networking, VolP, ATM
and SS7 gateways, Wireless networking, Broadband, home gateways and
accessnetwork solutions, operations support systemsetc are being devel oped.
According to the Telecommunications Equipment Manufacturers
Association (2002), thetota size of thetelecom softwareindustry in Indiais
about Rs 41 hillion. This includes export of telecom software as well as
domestic sales. While the export revenue includes embedded systems
software, domestic sales refers only to the software that is sold to Indian
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service providers like OSS/BSS and network management.  An indirect
evidenceto show that much of these exports arein the value added segment
isgiven by thefact that over 94 per cent of the exports of telecoms software
are meant for telecoms equipment manufacturers and only about 6 per cent
are meant for telecoms carrier industry®2,

Consistent time series dataon tel ecom software exportsfrom India
arenot available: it isestimated that over 97 per cent of the output of this
sector isexported . However available datafrom industry- sources(Table
9) shows that telecoms software exports form about 14 per cent of total
software exports from the country and have also registered more or less
the same rate of growth. It is of course projected to touch about 20 per
cent of India's software exports by 2003.

Table 9: Telecoms software exportsfrom India (Millions of US $)

Software exports Estimated telecoms
from India software exports from India

1998-99 2626 262.60 (10)

1999-2000 4015 461.73 (11.5)

2000-01 6341 883.09(14)

2001-02 7174 993.83 (14)

Note: Figuresin parenthesesindicate percentage share of total software

exports

Source: Reserve Bank of India (2002), Indiatel (2002)

Thus our discussion of the above shows that country has built up
considerable innovation capability in the area of both telecom hardware
and indeed in software too.

13 SeeLaishram (2002), pp. 74-5.

14 See Laishram, op. cit, pp. 74-5.
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Another important dimension of India's capability in thetelecoms
software industry isthe fact that a number of MNC telecom companies
has established their software development centresin India. Of late some
of them have closed down their own R&D centres in India, but have
outsourced their telecoms R& D to Indian software companies. The first
such initiative was the recent deal between Ericsson and Wipro. See
Box 1 the details.

Box 1: Innovation capability in India'stelecom
softwareindustry: case of the Ericsson-Wipro deal in
outsourcing of R&D

According to theletter of intent that Wipro has signed, the
deal will involve Wipro picking up assets, including
personnel, of Ericsson’s R&D centres in Bangalore,
Hyderabad and New Delhi. Around 300 software
professionalswho were part of Ericsson'sunitswould now
be on Wipro’s payroll. This would take Wipro's overall
Ericsson-related team size close to 400 software
professionals, as the software major already has around
100 people working on Ericsson's projects. While the
financial terms of the agreement are yet to be worked out,
the deal doesthrow up interesting pointerson what Indian
companies can do to gain a competitive edge.

Rather than term this deal as an acquisition, Wipro is
calling it an ‘outsourcing deal’ . Wipro intends to run the
centresin the form of an outsourcing contract, wherein it
will undertake the entire responsibility for all the R&D
work of the Swedish firm done in India by taking over
assets and people.
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While MNCs have been outsourcing R& D requirements
for along time to Indian software companies, the current
competitive scenario has changed thingsabit. At present,
the R& D outsourcing services market is taking on a hue
similar to the IT services scenario. For instance, when
companies first began outsourcing their R& D servicesto
India, the billing rates quoted were premium rates. But as
more and more Indian companies ventured into this
market, billing rates fell drastically and MNCs started
dividing their work between their own Indian R& D centres
and a handful of Indian software companies. Due to the
turmail in the global telecom industry these MNCs have
been looking at the best way to cut costs without
compromising on R& D. For instance, ayear ago Ericsson
had announced that it wanted to increase investmentsin
its Indian R&D arms. The telecom giant had plans of
scaling up manpower in these centres even though it cut
manpower requirements massively in other centres. But
inthelight of the massive s owdown in the telecom sector,
Ericsson thought it prudent to write off its assets in the
Indian centres, while still retaining its competitive
advantage by selling the centres and the people working
thereto its partner, Wipro. Asaresult thedeal has created
awin-win situation for both companies, or so it seems.

Source: Srikanth R P (2002) Express Computer,
http://www.expresscomputeronline.com/20021111/cover.shtml

V. Instruments of state support

In this section, | am primarily concerned with contrasting various
instruments of state support. These can be broadly classified into two
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main categories. First, isaset of financia instruments such as research
grants and tax incentives designed to encourage the generation of new
technology. Second, is a set of legal and quasi-legal instruments that
assure a market for the output of such generation. In the following |
undertake asurvey of these variousinstruments acrossthethree countries
in our sample.

Brazil: Brazil has used both legal and financial instruments to
support domestic technology generation. These are discussed below.
Legal instrumentsfacilitating public technology procurement in
historical per spective

Beginning with 1978 and ending with 2003, | could identify 7
different legal pronouncements (Figure 10) that hasabearing on creating

Figure 10: Legal instruments for supporting domestic technology
procurement in telecommunications

Ao

4’| Resolution No: 155 of 1999

Decree No: 1070 of March
1994

Law 10176 of 2001

Law 8248 of 1991
(Deregulation)

1981 Decree of Ministry of
d Communication

Law of Infor maticy
7232 of 1984
(Regulation)

June 1978 Decr ee of Ministry of
Communication

Source: Own compilation

15 In working out the ideas contained in this section | am basing myself on the
legal interpretation of equipment procurement provided in a number of sources
and especially in Kujawski and Brancher (2000).



41

a protected market for telecommunications equipments manufactured
with local know-how. All of them, excepting for the three Informatics
laws of 1984, 1991 and 2001, deal explicitly with telecommunications
equipments.

The two Informatics laws deal with information technology

products in general of which telecom equipments are an integral

component. First of al | present a synoptic picture of the various laws.

Since Resolution 155 of 1999 isthe most rel evant and recent among the
legal instruments, theimplications of thisonefor future build up of local

innovation capability is discussed

(@

(b)

(©

In June 1978 a decree enforced by the Ministry of
Communications established some rules for the acquisition of
equipment by the Telebras operating companies. These rules
ensuredthat equipmentsmadeby local companieswere preferred;

Secondly a decree in 1981, once again enforced by the Ministry
of Communication, reserved 50 per cent of the market for the
Tropico family of digital switching systems even before
technology was actually available ';

The Law of Informatics (7232) of October 1984 created market
protection (or market reserve) for information technology
products manufactured by Brazilian companies. A "domestic
company" was defined as one incorporated under the laws of
Brazil, and headquartered in the country. Additionally, to qualify
as adomestic company, its management aswell astechnological
and capital control had to be held exclusively by individual

16

According to Fiorentino (1996), as an immediate consequence of the criteria set
out by these decrees, MNCs transferred most of their voting shares to private
domestic groups.
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(d)

residents domiciled in Brazil. Brazilians must hold at least 70%
of thetotal corporate capital, and no voting rights could be granted
toany aien. 1n 1984, Brazilian Congress approved thisLaw and
it established the principles, objectives and guidelines for the
Brazilian Informatics Policy. It empowered the Federal
Government to set restrictions on the manufacture, operation,
marketing, and import of information technology (IT) products
and services. Although the Informatics Law did not expressly
establish the market reserve, the Brazilian Federal Government
used to monitor imports of 1T goods and services, as well as
determine on plansfor devel opment and production of such goods.
Companies not considered domestic (or national) could only
manufacture I T products and qualify for the benefits granted by
the law, if the Brazilian Informatics and Automation Council
(CONIN) approved their plans.

In 1991, however, aspart of the opening of the Brazilian economy,
Law No: 8248 was enacted, introducing several modificationsin
the regulation of the IT field in Brazil. This new Law thus
effectively amended the Informatics Law of 1984. These
incentives were basically tax incentives, applicable to any
company producing IT producers. The specific fiscal incentives
are: (a) exemption from the Tax on Manufactured Products (1PI)
until October 22, 1999 with regard to products manufactured
following certain criteria. (This exemption probably will be
extended until 2005. However, it is still under discussion in the
Brazilian Congress); (b) deduction of all R&D expenditures up
tothelimit of 50 per cent of theincometax owed by the company;
and (c) deduction of up to 1 per cent of the income tax owed by
legal entities investing in domestic technology companies.
Companies established in Brazil that do not qualify as domestic
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companies may be eligible for the same benefits, provided they
demonstrate every year to the Brazilian Informatics and
Automation Council (CONIN) that they are carrying out: (a) a
programme for effective training of the technical staff, (b) a
research and devel opment plan; and (c) export of computer goods
and services. The law established certain incentives applicable
exclusively to domestic companies. (a) preferential treatment for
purchase of goods and services by government agencies; and (b)
financing priority from officia institutions. The benefits cited
above were assured up to 1997 for such companiesthat complied
with the requirements (except the exemption from the Tax on
Manufactured Products),

Figure11l: Growth performanceof R& D investmentsin Information
Technology productsin responseto the incentive laws
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Finally in 2001 still another law (Law no: 10176 of 11/01/2001)
was created to provide further fiscal incentives for R&D. in specific
terms, the following incentives are available 1"

. Taxation incentives, implying in 15 per cent reduction of thefinal
price are offered to companiesthat invest in R&D activitiesa
minimum of 5 per cent of itsgrosssales of IT products.

. The 5 per cent investments have to be:
— minimum 2.7 per cent internal.
— minimum 2.3 per cent extenal as below:

1% in authorised Institutions,
0.5% in Government projects,
0.8% in North, Northeast or Center West regions of the Country.

It is now instructive to find out if R&D did increase as aresult if
these two incentive schemes. Data, however, are not available to track
the response of telecom R& D to thislaw, but dataare availablefor R& D
investmentsin I T products (Figure 11) and this can help oneto understand
some broad trends. R& D investments grew at a steady rate until 1998.
Investments since then do not show any growth but only fluctuations.
Specifically in the telecoms industry, many foreign equipment
manufacturers began to locate their R& D centres in Brazil. From my
field research, it is very clear that the availability of fiscal incentives
under thislaw iscited as one of the more proximate reasonsfor Ericsson
to establish its R& D centrein Brazil.

(e) Although the Law 8666 of 1993 was applicableto government
procurement, it did not cover informatics and telecommunications. It

17 | am grateful to Mr Feranando Arageo da Silva Costa of Ericsson’s Research
and Development Centre at Indiatuba, Brazil for giving me this data.
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required non discriminatory treatment for all bidders, regardiess of the
nationality or origin of product or service. However, the law's
implementing regul ations allow consideration of non-price factors, give
preferences to certain goods produced in Brazil, and stipulate local
content requirements for eligibility for fiscal benefits. The procurement
of informaticsand telecommunications goods and serviceswere governed
by the decree 1070 of March 1994, requiring federal agencies and
parastatal entities to give preference to locally-produced IT products
based on a complicated and non-transparent price/technology matrix.
However no further data are available on the actual implementation of
thislaw.

(f) The most important piece of legislation, which is currently in
force, and which explicitly governs the procurement of
telecommunications goods is the Resolution No: 155 of 1999,
ANATEL, through this resolution enacted the regulation on service
contracting procedures and the purchase of equipment or materials by
telecommunications service providers. This resolution provides further
discipline on clauses included in the Concession Contracts and
Authorization Terms for the provisioning of Fixed Switched Telephone
Service - FSTS, and similar clauses contained in the Brazilian Satellite
Exploitation Rights Term entered into by the Providers of
Telecommunications Servicesand ANATEL . Asregardsthe Concession
Contracts and Authorization Terms, the Provider shall baseits purchase/
contracting decisions, with respect to the various offers presented, on
the satisfaction of the objective price criteria, delivery termsand technical
specifications established in the pertinent regulations.

18 In interpreting this Resolution no: 155 | have relied on the commentary on it
provided by Kujawski and Brancher (2000)
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Intheevent of equivalence of proposal s presented by duly qualified
companies, the Provider shall apply astie-breaking criteria:

. Preference to services offered by companieslocated in Brazil; or

. Preferencefor equipment and material producedin Brazil, among
which, those with domestic technol ogy.

The equivalency mentioned above will be determined when the
following conditions are cumul atively present:

. The domestic priceislower or equal to the price of the imported
product, placed in national territory, including thetaxesincurred;

. The delivery term is compatible with the requirements of the
service; and

. The technical specifications established in the pertinent
regulations are satisfied, including relatively to ANATEL's
certification patterns, when applicable.

The Resolution does not apply to Providers, whose legal natureis
that of a public company or mixed capital company, for which specific
Law governs the procedures for the acquisition of services, equipment
and materials.

According to thethird article of the Resolution, for the purpose of
contracting services or purchasing equipment or materials, the Telecom
Service Provider shall disclose, during at least five consecutive working
days, on its Internet site, the intention to undertake the purchase or
contracting, clearly indicating the subject matter thereof and the place
from which further information may be obtained, in order to enable
presentation of offers by suppliers established in Brazil. However, the
Provider will not be required to abide by the procedures established in
the main provision of said article:
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a when the contracting or purchasing amounts of the services or
equipment or materials arelessthan one million Brazilian Redls;

b. in the cases of emergency or public catastrophe, when urgency
of serviceis construed in a situation that may occasion damage
or jeopardise the safety of persons, works, services, equipment
and other public or private goods.

In case of non-compliance with the Resolution, the provider can
be subject to the application of a fine of up to thirty million Brazilian
Reals (approximately US $ 15 million). Consequently, violation of any
provision contained in the Resol ution will be considered a serious nature
infringement. It must be mentioned here that the Association of Fixed
telephone providers, named ABRAFIX, filed a lawsuit before the
Brazilian Federal Supreme Court, in September 1999, aiming at
suspending the legal effects of Resolution. Fixed line providersfed that
the Resolution causes serious delays in the Companies purchasing/
contracting process, as well as represents an illegal interference of the
public power in private-owned companies. However, Court decisions so
far did not concede any provisional measure to suspend the effects of
Resolution although the lawsuit is still in course.

Thus it can be seen that this Resolution when properly
implemented has sufficient teeth to ensure that products based on
domestically developed technologies will continue to have a market.
However everything depends on the actual monitoring of purchase
decisions of the fixed line providers and also the countervailing power
of certain other factors such asthe avail ability of deferred credit facilities.
This point will be seen in detail below.

(g) According to the Regulation for the Certification and
Homologation of Telecommunications Equipment (Resolution 242 of
November 30 2000) all the telecommunications equipments to be used
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inthe Brazilian network will haveto be certified as conforming to certain
prescribed standards. ANATEL publishesalist of accredited |aboratories
that will perform tests required for the conformity assessment process
for telecommunications to operate in the country. These organizations
are called Organismos de Certificagao Designados (OCD)*. They will
issuereports, pursuant to the regul ations, procedures, and rulesgoverning
the certifications and standards in force. Certificates provided by the
OCDs are a prerequisite for obtaining final approval by ANATEL for
the use and commercialization of any telecommunications product in
Brazil. According to this new regulation, all products classified under
categories I, 11 and Il (see details below) will need a Certificate of
Technical Conformity for Telecommunication Products to enter the
Brazilian Market. This certificate will also be necessary for products
already in use by the time their licenses are renewed.

The three categories as defined by ANATEL are:

Category | - Telecommunications products comprising terminal
equipment intended for use by the general public for purposes of
accessing public-interest telecommuni cations services.

Category |1 - Telecommuni cati ons products comprising equipment
not covered under Category |, but which use the electromagnetic
spectrum for the transmission of signals, such asantennas and those
products characterized in specific regul ations asrestricted radiation
radi o-communication equipment.

Category Il - Telecommunications products comprising any
products or equipment not covered by Category | and Il, the
regulation of which isrequired to -

19 These OCDs are (a) Tuv Rheinland Brasil ; (b.) Associagéo Ncc CertificagBes
DoBrasil ; (c.) Fundagdo Cpad ; (d.) Uciee- Uniépo Certificadora; (e)) Fundagdo
Vanzolini; (f.) Ipde - Instituto De Pesquisa, Desenv. E Educagéo; (g). Ocp-Teli -
Organizagéo Certificadora; (h). Ibrace - Instituto Brasileiro De Certificagéo ;
(i.) Acta - Supervisdo Técnica Independente ; and ( j.) Tecpar - Instituto De
Tecnologia Do Parana.
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a) Ensure the interoperability of networks that support
telecommunications services,

b) Ensure the reliability of networks that support
telecommunications services; or

C) Ensure electromagnetic compatibility and electrical safety.

Products already certified by the US Federal Communications
Commission (FCC) arenot automatically certified by ANATEL andwill need
to besubmitted for testing by oneof thedesignated OCDs. However, aproduct
that already has aforeign certification may be licensed more quickly.

According to the information that | have, the only OCD among
the total list of ten that is capable of performing all the tests prescribed
by ANATEL is CPgD.

(if) Fiscal instrumentsfor promoting R& D

(a) Provision of research grantsfor technological development of
telecommunications

Although the Brazilian government had privatised CPgD, it did
put in a place a national fund called the Fund for Technological
Development of Telecommunications (Fundo para Desenvolvimento
Tecnol 6gi co das Tel ecomunicagdes-FUNTTEL ) was established by Law
10,052 of November 28, 2000, in order to stimulate the process of
technological innovation, enhance human resources capacity, generate
new job positions and promote access by small-and medium-sized
companies to capital resources, in order to amplify the competitiveness
of the Brazilian telecommunications industry. Contribution to Funttel,
by all telecommunication services companies, started on March 28, 2001,
at therate of 0.5% of the amount of gross operating telecommunication
services revenue.
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Subsequently the Decree 4733 of 2003%°, concerning
telecommunications sector development, provides for the use of
FUNTTEL for R&D aswell asfor incentivesfor research institutionsto
devel op technol ogiesthat improve accessto tel ecommuni cations services.
The decree al so announced policy goals, to be met effective Jan. 1, 2006,
concerning methods for setting and adjusting rates, billing procedures,
portability of loca numbersfor residential and non-residential customers,
defining a"locality"and clarity asto direct or indirect stockholdings by
Brazilian or foreign legal entities so as to permit knowledge of
the composition of the capital of the company and to verify
compliance.

BNDES and FINEP manage FUNTTEL. Thirty per cent of its
funding is to be given to CPgD. The fund became operational from the
middle of 2001. Soitistoo early to assessits performance. Based on the
initial data available (Table 10), up to the end of 2002, 16 projects were
approved of which 2 belonged to CPgD. Based on the value of approved
projectsit could be seen that 88 per cent of thetotal budget could already
be allocated and with aportion of the remaining projectswhich are under
evaluation becoming successful, the total budget for the year would be
successfully allocated. Thisrather high successrate in applications may
also be an indirect measure of the innovation capability that is resident
in the country®.,

20 See http://www.natlaw.com/brazil/topical/cm/dcbrem/dcbrem?20.htm/

21 Thisisof course based on the assumption that both FINEP and BNDES employ
very rigorous selection criteria for choosing the research projects.
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Table 10: Performance of FUNTTEL funding, 2002-2004
(Valuein thousands of Brazilian Real)

Total Approved | Average Total value | Value of | Value of
FUNTTEL| projects |funding of proposals | projects | projects
per project| received under rejected
evaluation

2002 | 166.065 |128.788(16) 00.775 | 174.145 (31)|40.93 (13)| 4.445 (2)

2003 201.860
2004 224.967

Note: Figuresin parentheses indicate the number of proposals.
Source: Unpublished data from Ministry of Communication.

As noted before, the amount of funds available under FUNTTEL
isafunction of the sales revenue of the service providers. Since thisis
bound to increase in the future, there should not be a problem for
financing this scheme. Thus it is seen that the establishment of this
financial instrument isyet another instrument of support imposed by the
Brazilian state to maintain its innovation capability.

(b) Provision of deferred credit facilities

Itiswell known that the sales of equipment and machinery are not
just based on price-performance criteria, but also based on the availability
of credit facilities. Small equipment manufacturers based in devel oping
countriesdo not usually havethefinancial wherewithal to facilitate such
deferred credit facilities and this can hamper the sale of especially
products based on domestic technology. The issue is all the more
complicated by the availability of bilateral credit as the Telemar- Japan
Bank for International Co-operation loan episode of 2001 shows?.

22 Japan Bank for International Cooperation signed (June 25 2001) at its head
office a protocol for providing an untied loan totalling US$ 300 million to a
Brazilian telecommunications carrier, Tele Norte Leste Participagdes S.A.
(TELEMAR). Theloan will be financed by JBIC with the participation of private
financial ingtitutions. It is anticipated JBIC will have a 70% share of the total
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It must however be noted that the BNDES has put in place, during
1999-2002, a credit facility known as ‘““ Programme for Support of
Investments in Telecommunications’. Over two-thirds of the amount
sanctioned under thiscredit facility has gone towards purchase assembly
and installation of equipments by both fixed line and cellular providers
(BNDES, 2000).

(c) Tariff protection

Although Brazil joined the World Trade Organisation (WTO) in
1995 but has yet to sign the WTO's | nformation Technology Agreement
that reducestariffs on information and communications productsto zero.

amount and the cofinancing partners will assume a 30% share. This protocol set
forth the basic terms and conditions of the loan for TELEMAR, the largest
telecommunications carrier in Brazil, which was founded in the wake of the
divestiture and privatization of a state-owned enterprise, TELEBRAS, in 1998.
Subsequently a loan agreement will be signed after negotiations that work out
detailed provisions based on this protocol. The purpose of thisloan isto provide
long-term financing for the expansion of fixed telecommunications networks to
be undertaken by TELEMAR in the northern, north eastern and south eastern
regionsof Brazil. Specifically, the project includesinstallation of communications
cables, construction of exchanges, bases and data centers. The ratio of fixed
telephones to the population remains low in Brazil. At the end of 1999, this
ratio was 16.8% compared with 40% in the industrial countries (and 50% in
Japan). And this figure is by no means high even relative to the comparable
figuresin the neighbouring countries such asArgentinaand Uruguay. Meanwhile,
as the Brazilian telecommunications industry is heading for liberalization in
2002, all the domestic carriers have a strong desire for capital investment to
bolster their business operations. It was against this background that TELEMAR
is planning extensive capital investment in fiscal 2001. The proceeds of this
loan will finance part of its planned capital investment this fiscal year. Thisloan
will help Brazil in its effort to expand domestic telecommunications networks,
which form the basic economic infrastructure, thereby contributing to the
country’s economic development. The loan is also expected to assist Japanese
firms, which have direct investment in Brazil, to foster their smooth and efficient
business operations. The loan is further expected to give such Japanese firms
the opportunities for participating in competitive tenders for TELEMAR’s
procurement of equipment and services in its future capital investment. Thus,
the loan will be extended as part of “Japan’s Comprehensive Co-operation
Package to Address the International Digital Divide,” an initiative announced
by the Government of Japan at the Kyusyu-Okinawa Summit in July 2000.
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The average import duty for telecommunications equipment is 15-17
percent, although it is expected to come down over time (the average
mean applied tariff for all goodswas 11.8 per centin 2002). In switching
equipment it rangesfrom 8-21 per cent in 2003 and isexpected to decrease
to 8-16 per cent by 2006. Thislowering tariff mean that Brazilian telecom
equipment industry will have to increasingly compete with foreign
imports as seen earlier in Figure 10, imports of switching and other
tel ecommuni cation equi pments have shown significant increases during
this period.

Thus it is seen that Brazil's effort to maintain its innovation
capability through the operation of legal and fiscal instruments are
sometimes effectively challenged by the availability of bilateral credit
and the continued reduction inimport duties. Thismay accentuate asthe
country gets effectively absorbed into NAFTA.

(i) India: has essentially used only the latter instrument namely
public technology procurement policy to assure a ready market for
domestically developed technologies®. Several devel oped countriessuch
as Sweden, France etc have used this specifically in the realm of digital
switching systems. Infact | arguethat it isthe procurement policy of the
DoT which hasto alarge extent promoted domestic innovation capability

23 The WTO already has the Government Procurement Agreement (GPA), with
detailed rules on procurement. However, this agreement only binds 26 parties
out of the 135 WTO Members. For this reason the WTO has pursued a work
programme on transparency in government procurement (TGP). The aim is to
draw up an agreement to which all WTO Memberswill be party. In principle the
agreement does not seek to eliminate preferences to domestic suppliers, it simply
aims to make these preferences transparent.



54

in the sector®. The DoT purchases switching equipments only from
local manufacturers and does not allow imports of finished switching
products®. This really does not afford any protection to domestically
assembled switches, but in fact quite the contrary. There are two types
of evidencesfor this. First, imported equipments attract a customs duty
of 15 per cent ad valorem (2002-03). At the same time the imported
components for domestically assembled switches also attract customs
duties and given the nearly fifty per cent import content of domestically
assembl ed switches, the procurement policy does not afford any specific
protection to domestically assembled or manufactured switches. Second,
as noted earlier in Figure 8, the fall in price realisation of domestically
manufactured equipments signal increased competitive pressures. Further
in the past the rate of rejection of indigenously manufactured switching
equipments by the DoT has been as high as 25 per cent in the early
1980s%.

The country has a decentalised telecom switches procurement
policy. In order to simplify the procurement process, the department
receives tenders and sets a fixed rate through a tendering process

24 The procurement policy of the main telecom consumer, namely the DoT (or the
BSNL) needs to be distinguished from the procurement policy of other
government departments. In the former case the telecoms products are selected
on the basis of price-performance ratios (or the rate performance contract) while
in the latter cases it is very often through a fiat. The procurement policy of the
DoT (or the BSNL) especially for non-switching telecoms equipments have
drawn some flak in recent times. Owing to pressure from the Parliamentary
Standing Committee, BSNL constituted a committee — Shift in Procurement
Policy of BSNL —, which is to submit its report soon (in late 2002). On amore
general note, following the Singapore Ministerial Meeting of the WTO, the
Central Government constituted an Inter-Ministerial Working Group on
Transparency in Government Procurement at the level of additional secretaries
and headed by the Additional Secretary (Commerce).

25 It must of course be added that the new private entrants are not governed by this
stipulation and are free to import switching equipments.

26 SeeMani (1992), p. 97.
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commonly known as “rate contract”# after which the Chief General
Managers of the varioustelecom circles are authorized to purchasetheir
requirements from approved vendors. The Telecommunications
Engineering Centre (TEC)?® within the department sets the technical
standards of all telecom productsincluding switches. Thirty per cent of
thetotal requirements of switching equipmentsarereserved for the public
sector enterprise. However the price at which this thirty per cent is
procured is at the lowest price quotation received for the remaining
seventy per cent for which open tender isinvited. This reservation price
isreferredto asthe L1 price. It isthus seen that the public sector producer
of switching equipments have actually to bid for thirty per cent of the
switching requirements without actually knowing the price at which the
bid is going to be made. Thus it is clear that the public procurement
process followed in the case of switching equipments does not afford
any protection to the public sector producer which in this case is ITI
Ltd. at Bangalore. The price-performanceratio isthusthe main criteria
for selection and not other non-technical considerations such asdeferred
credit facilities. At least for some more years, given the near monopoly
position of the government carriers public procurement policy will be

27 The DoT receives and evaluates bids from domestic firms (including affiliates
of MNCs) and awards rate contracts based on price and performance.

28 TEC through its core group is responsible for drawing up the Standards’ and
Generic Requirements (GR’s) for networks, systems, equipment and products
to be used in the Indian telecommunications network. The Centre through its
regional offices is also responsible for co-ordinating and evaluating these
products, equipment and systems. TEC also provides advice to the DoT in
respect of products and networks used by DoT. Switching division of TEC is
responsible for al activities related to the switching products either working in
the DoT’s network or inter working with the DoT’s network. This includes
preparation of specifications of state-of-the-art digital switching systems,
validation of switching systems to be inducted in the DoT’s network, interface
testing of PABX and switches for GSM and basic service, testing of hardware
and software upgradation of various switching systems, providing software
maintenance support and fiel d support to switching systemsworkinginthe DoT's
network.
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an effective instrument for stimulating local R& D activities. However
with the growth of private service providers this will be less effective,
especially when the private sector providers, who arein theinitial years
of establishment, would also take into account deferred credit facilities
which only the MNC vendors can offer.

(iii) Korea: has used both financial instruments and public
technology procurement to support local R& D activities.

(@) Financial incentives for technology creation: One of the
main components of Kore asinnovation systemisthe public laboratory,
ETRI. As seen earlier ETRI's budget largely comes from the Korean
government in terms of research grants. In addition the Ministry of
Information and Communication maintai nsthree separate research grant
schemes and the disbursals under these three have been continually
increasing. See Figure 12.

Figure12: Financial incentivesfor domestic technology creation in
telecommunicationsindustry in Korea, 1996-2000
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In addition fiscal incentives are available to private sector
enterprises in the form of R&D tax credits etc.

(b) Public technology procurement: Korea too has used this
especially during the development of TDX fixed tel ephone equipments.
Prior to the financial crisis 1997, Korea was one of the fastest growing
telecommunications markets in Asia. However, Korea has always been
a difficult market for foreign companies to penetrate. Historically, the
Korean government has protected and fostered the growth of the Korean
telecommuni cationsindustry through strict regulation of equipment type
approval procedures, the setting of standards that are unique to Korea,
implicit and explicit "buy local" policies.

V1. Future Scenario

Inthispaper, | was primarily concerned with analysing the creation
and maintenance of innovation capability in three different developing
countries with respect to telecommunications technologies and the
strategies employed by the respective governments of these countries
towards coping with the challenges paused by globalisation. The three
country experiences fall into three categories. At the best end of the
spectrum is Korea, which has given a proper strategic direction to its
public laboratory by successfully identifying future growth potential in
mobile communi cation and then systematically building up itsinnovation
capability in thisarea. The country has now become an important world
player in the manufacturing of mobile handsets. Towards the middle of
the spectrum is Brazil, which has sought to maintain its domestic
innovation capability through a variety of legal and fiscal instruments
although the very process of globalisation has attempted to reduce the
effectiveness of these instruments. At the bottom end of the spectrumis
India, which despite possessing tremendous innovation capability, has
not bothered to support its domestic research system especialy when
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compared to Brazil and Korea. The study thus shows that the state till
has an important pro-active role to play to minimise the negative
conseguences of globalisation on its public research systems.
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