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1.1 There can be few more important questions in competition 
policy than how to deal with technologies that connect 
different products and companies. Technological progress 
is the most important contributor to long-term economic 
growth, as well as driving social and environmental change. 
Yet ownership of key technologies creates concerns about 
concentrated economic and social power, particularly for 
platforms with which other products must interact. The rules 
governing these interactions will influence the success and 
development of firms, new technologies and the economy as 
a whole.

1.2 Some politicians have gone so far as to call for regulation 
of tech giants such as Google or Facebook as if they were 
utilities. While still a minority view, such a proposal brings 
out the dilemmas very clearly. We need the owners of such 
technologies to be entrepreneurial and dynamic but also 
to be restrained from abusing their power. We need global 
businesses, to take advantage of economies of scale, while 
preserving opportunities for innovative, small firms. We need 
technology owners to work together and produce compatible 
products, while also competing in the marketplace and in the 
race for the next innovation.

1.3 These questions are often debated as if these choices are 
zero-sum. However, there are better solutions and they have 
arisen within the technology industry itself. In the mobile 
telephone industry, and other mostly telecoms-related 
industries, technology standards allow firms with many 
different specialisations to work together both to design 
products and also advance the underlying technology, 
without a single supplier owning the process. The Standard 
Development Organisations (SDOs) that do this provide a 
mechanism that, while not perfect, enables innovators and 
manufacturers to co-operate and compete.

1.4 This has profound implications for industry structure. If 
companies have confidence in rules guiding their commercial 
relationships – and confidence in the governance systems for 
how those rules are set – then companies with very different 
backgrounds, specialisations and skills can compete and 
work together. If not, the alternative is most likely merger 
into a large, integrated business: which may be much less 
innovative, as it misses out on the variety of voices, and may 
also not need to compete so hard for customers.

1.5 Different SDOs work in different ways, but the basic concept 
is for experts to participate voluntarily to define and publish 
technological standards. Owners of technology essential to 
implementing the standard declare them as such. In return 
the owner commits to charging only fair, reasonable and non-
discriminatory license fees. There are disputes about such 
fees and how much influence SDOs should have over them, 
but these practical details should not be allowed to obscure 
the overall success of the model: success that can be seen not 
only in the performance of the mobile telephony industry but 
also in changing the way innovative industries are structured.

Introduction
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2.1 Smartphones are the ultimate multi-function devices. A 
professional from London travelling to Madrid can listen to 
the radio, stream her favourite album or catch up on the latest 
episode of her favourite TV series while waiting at the airport. 
When she reaches Madrid, she can use an app to order a taxi 
from the airport to her hotel and look for restaurants nearby 
for dinner. Mobile telephony has made life simpler but the 
underlying technology to achieve this is vastly complex.

2.2 A huge variety of firms is involved in making this all work. A 
smartphone uses components from firms across the USA, 
Germany, Japan, Taiwan, Italy and South Korea, with supply 
chains ultimately stretching to almost all countries in the 
world, as well as software apps from everywhere and cellular 
service provided wherever the phone is used. The companies 
working together to achieve this may have very different 
backgrounds. For example, Corning is a ceramics and glass 
specialist that now makes smartphone screens; Spotify is a 
Swedish company supplying music streaming services and 
Vodafone a cellular service company that originated in Cable 
& Wireless. Some companies involved, such as Imagination 
Technologies, provide almost no physical or software services, 
instead being paid for the innovative technology they license.

2.3 There is no one owner of all of this, yet it works together, 
allowing us to make calls, transfer photographs and media, 
and shop online. It works because of standards: agreed 
formats, protocols and technology, usually published, define 
the technology and how it works together. Standards not 
only co-ordinate existing technology, they play an even more 
important role in defining how it improves. Standards allow 
companies to co-operate and to compete: both in producing 
devices and in innovating to produce the next technologies.

2.4 This is only going to become more important, as more and 
more devices become connected through the ‘Internet of 
Things’. Mobile phones, electricity meters, telemedicine 
devices, smart vehicles and many more things – maybe 
20 billion by 2020 - are going to be capable of sending and 
receiving data to one another. In effect, many industries are 
going to become part of the ‘telecoms’ industry. This may be no 
bad thing, as the telecoms industry has achieved remarkable 
technical progress, while retaining very broad participation by 
many different firms: competing and co-operating together. 
Technological standards and the way they are set have a lot to 
do with that success, as this report explains.

Connecting, co-operating and  
competing, with standards
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What is a standard?
3.1 Some products need to work with other products, or at least 

are more useful if they do. A keyboard is useless unless it 
can connect to a computer; a computer is more useful if it 
can connect to a keyboard than if it cannot. Such compatible 
products are examples of complements: products which 
deliver more value together than they do alone.

3.2 Complements arise in many areas of life and need not 
involve high technology or compatibility. Beer and pretzels 
are complements; and can be consumed together without 
their suppliers having to give much thought to how to design 
them to be compatible. However, most machines (or machine 
components) that are complementary must be consciously 
designed to be compatible with one another in order to gain 
the benefits of joint use. A technology standard is a set of 
technical specifications that – among other things - enable 
products to work together.

3.3 Standards themselves need not embody particularly high 
technology. Around 20 BC, the Roman engineer Vitruvius 
spelled out tests of “good water” and different standard 
sizes of lead pipes and consistent gradients for aqueducts 
(Russell 2007). About 1800 years later, the first railway 
gauges specified the distance rail tracks were set apart and 
consequently the required axle width for trains that used 
them. Standards in modern information technology are vastly 
more complex. For example, smartphones produced by an 
array of different manufacturers around the globe (from 
components that are themselves often produced elsewhere) 
all receive 3G/4G signals wherever they are and achieve 
consistent audio visual quality, thanks to the technology 
standards followed by the producers and network builders.

Standards help co-ordinate design and investment  
decisions by many different firms

3.4 A standard can solve several economic problems. One is 
simply a co-ordination problem. Investment in computer 
hardware makes that hardware cheaper and better. Because 
hardware and software are complements, this raises demand 
for software, increasing incentives to invest in software 
and vice versa. Consequently, investment is likely to be 
greater, with fewer false starts, if hardware and software 
manufacturers are confident that their new products will work 
together. A standard can provide that reassurance.

3.5 The TV industry in the 1950s and 60s provides another 
example, from when colour television was introduced. Colour 
television requires many different players to invest. Equipment 

manufacturers need to invest in a plant to build the equipment, 
broadcasters need to invest in equipment to create colour 
images and transmit them, and customers need to invest in 
colour televisions. Technological progress will be slow if any 
of these groups of participants is not prepared to take the 
risk of investing before it is clear that their investment will 
be compatible with the other elements of the system. Most 
countries therefore introduced colour broadcast standards that 
were government-promoted (in effect, as broadcasters were 
mainly state-owned, the broadcast standards defined what TV 
set manufacturers needed to achieve).

3.6 Standards can also help solve the risk of commitment to just 
one other firm. A firm that designs a component to work only 
in – for example – a Boeing 747 is entirely dependent on Boeing 
accepting that product, not changing the specifications without 
forewarning and so on. Although this would not matter if the 
design could be quickly and cheaply changed, component 
suppliers often make investments that are specific to the 
buyer’s technology. This creates what is sometimes called a 
‘hold-up problem’. The component supplier will be concerned 
that after that investment has been made, the buyer - knowing 
the component supplier is committed at that point - has all 
the bargaining power. This looks like a problem only for the 
component supplier but in fact it is a problem for the buyer 
too. Unless the buyer can commit to behave well (for example 
with a detailed contract),If this causes component suppliers to 
not invest in compatible products, the buyer is hurt as well. A 
declared standard can help provide commitment and confidence.

3.7 The classic solution to the hold-up problem for two firms 
considering investments specific to one another is to merge 
(whether that specificity arises from technical compatibility 
or something simple such as co-location). Such integration 
(often ‘vertical’ integration, where one of the products is an 
input into the other production process) solves the hold-up 
problem but might result in less innovation and competition. 
A firm that only supplies technology for itself has one source 
of innovation, rather than many. It will therefore not be able to 
choose the best among competing ideas.

3.8 A standard can enable multiple competing producers to exist 
by ensuring that the supplier investments are not specific 
to one buyer, but instead of use to other buyers. Trusting 
in a standard and in the way it is governed, suppliers can 
confidently invest without requiring a merger. Going back to 
the colour TV example, many companies produced colour TV 
sets without becoming owned by public broadcasters, because 
they had confidence that the standard would be maintained to 
justify their investment in the manufacturing plant.

Why standards matter
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Standards allow efficient scale, while maintaining  
competition

3.9 It is perfectly possible to have several firms competing in 
the market place, each with products whose components 
are incompatible with one another. The car industry is an 
example – there are a few common technical standards (and 
many safety standards), but for the most part components 
designed for one car brand cannot be used in another. Some 
car manufacturers are more vertically-integrated than others 
but all have dedicated supply chains. The global car market is 
very competitive.

3.10 However, many industries cannot sustain such a market 
structure without inefficiency. There are products whose 
value increases, the more other people use them, such as 
telephones.

3.11 This is an example of direct network effects: each user gains 
from the existence of other users.1

3.12 The car industry does not exhibit any strong network effects, 
so having multiple brands is surely beneficial. However, in 
industries with important network effects, there is a dilemma. 
Network benefits are greatest when coverage is universal 
(it would be inconvenient to have to discover which sort 
of telephone someone owns before calling them) and the 
market will often ‘collapse’ to a single, compatible technology. 
However, if this natural and desirable trend also results in a 
monopoly, the benefits of competition will be lost.

3.13 A standard provides a potential way of achieving the benefits 
of network effects while maintaining competition between 
suppliers. Indeed, the telephone industry - especially the 
mobile telephony industry – has achieved precisely that. 
There are multiple providers of telephone handsets, telephone 

1  ‘Indirect network effects’, in contrast, arise when there are two or more different types of users, such as consumers 
and app developers both using a single operating system (“O/S”), for example. The more consumers are using an O/S, 
the more attractive it is for developers to produce apps for that O/S, and the more apps there are, the more consumers 
will value the O/S.

services and the added-value services supplied over mobile 
telephones, yet any telephone can call any other telephone 
and so the benefits of network effects are maximised.

3.14 Standards, then, can promote innovation and competition. 
These two outcomes should not be seen as being entirely 
separate. By providing certainty to investors in products that 
are complements, a standard can make innovation less risky 
but can also allow the emergence of multiple, competing 
innovators. Downstream, the existence of a standard can 
allow many competing firms to operate, without fragmenting 
the benefits of network effects. Such competition will also 
spur innovation.

3.15 Standards will therefore be most important in industries 
where products are complements and where network effects 
are strong. The mobile telephony industry has both of these 
features and so do many others.

The economic effects of standards
3.16 There is no precise way of measuring the effects of standards 

but clues as to the scale of their importance in the modern 
economy can be found in macroeconomic studies as well 
as industry case studies. The findings show that industries 
based on standards typically generate better economic 
outcomes. But it also matters how the standards are set. 
This is a topic we will return to in detail in the next chapter, 
but we distinguish between ‘open standards’, set by industry 
bodies with wide expert participation from suppliers and 
users, proprietary standards set by a single private firm and 
government standards set by the state.

Macroeconomic studies of standards

3.17 There have been many studies of the overall effects of 
standards on national economies, seeking to explain 
differences in GDP between countries and over time by 
differences in the stock of standards applying in those 
countries. However, these studies typically take a very broad 

Table 1: Summary of macroeconomic studies of effects of standards

Study Geography Period GDP growth Contribution of 
standards

Contribution of standards 
(% of GDP growth)

Blind, Jungmittag and Mangelsdorf (2011) Germany 1992-2006 1.1% 0.7% 63.6%

CEBR (2015) UK 1921-2013 2.4% 0.7% 29.2%

Jungmittag, Blind and Grupp (1999) Germany 1960-1990 3.3% 0.9% 27.3%

Miotti (Afnor) (2009) France 1950-2007 3.4% 0.8% 23.5%

Centre for International Economics (2007) Australia 1962-2003 3.6% 0.8% 22.2%

DTI (2005) UK 1948-2002 2.5% 0.3% 12.0%

Haimowitz and Warren (SCC) (2007) Canada 1981-2004 2.7% 0.2% 7.4%

CEBR (2007) Denmark 1966-2003 No econometric relationship found

Source: Blind (2015).
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definition of standards and they are likely to be driven more by 
safety and quality standards than the technical compatibility 
standards that are our focus here.

3.18 Overall the macro-economic studies are a rather crude, broad-
brush approach to estimating what must be a rather complex 
set of effects, so the specific numerical findings should 
be treated with caution. Nonetheless, they are indicative 
evidence of the generally positive effect of standardisation on 
the economy.

3.19 Some comfort that these studies are not purely driven by 
standards relating to health and safety, rather than co-
ordinating technologies, is provided by survey evidence asking 
industry participants about their perceptions of the importance 
of standards to their industries. A survey conducted by the 
British Standards Institute in 2015 found that participants 
in the ICT and life sciences industries reported the largest 
benefits from standards (CEBR 2015). The benefits of 
standardisation in these sectors are presumably driven more 
by technology standards than, for example, the benefits in the 
food and drink industry (which was in third place).

3.20 A standard opens up markets for complementary products, so 
the wider the geographic scope of the standard, the greater 
the scope for increased competition and innovation as a result 
of standardisation. It seems obvious that the unprecedented 
rate of economic development in Asia over the past 20 years 
has a lot to do with the presence of standards, particularly 
in the IT sector, enabling specialisation in the manufacture 
of high technology products even without a domestic R&D 
base. The OECD (2013) has attributed much of the growth of 
developing country exports to the existence of standardised 
platforms in this sector.

A transformative standardisation: container shipping

3.21 More direct evidence is provided by an industry that was 
transformed by standards, without any technological change 
that either enabled or required such standardisation: shipping. 
The story of containerisation in shipping is almost a ‘pure 
standardisation’ story because the technology involved is not 
advanced – it took merely the idea, and the overcoming of the 
co-ordination problems among many different organisations to 
adopt containerised shipping. Yet the global macro-economic 
effects have been profound.

3.22 Containers are merely metal boxes, but by virtue of coming in 
just two standard sizes, they have transformed world trade. They 
also illustrate how rapidly a truly superior innovation can succeed, 
regardless of the scale of the industry concerned. Containers 
were a vastly more efficient technology. Levinson (2008) gives 
the example of the cost of loading a cargo ship in New York, 
which fell from $5.86 per tonne in 1956 to $0.16 in 1966. The 
productivity of dock workers increased by a factor of 20.

3.23 Obviously, there was a direct efficiency gain but there has also 
been an indirect benefit resulting from increased competition. 
Containerisation makes different ports and different shipping 
lines closer substitutes for one another and thus spurs 

competition. The effect has been particularly noticeable in 
ports. Large container ports compete with other ports in their 
region (remarkably, ports on the West and East coasts of the 
USA have been found to be in competition),2 while bulk ports 
for products that are not suitable for containerisation continue 
to serve a niche hinterland.3 By studying differences between 
the timing of containerisation on different routes, Bernhofen 
et al. (2016) has found that containerisation caused a 700% 
increase in bilateral trade.

3.24 As The Economist put it: “In other words, containers have 
boosted globalisation more than all trade agreements in 
the past 50 years put together. Not bad for a simple box.”4 
By connecting different parts of the world, containers have 
probably also done more for competition than has almost 
anything else, too.

Good jobs at good wages: standardisation raises the value 
of acquiring skills

3.25 Just as investors will be reluctant to commit to a relationship 
with just a single partner firm with a complementary product, 
so workers will be reluctant to invest in skills if they can 
be used only by one employer. Standardisation helps with 
both. There is more incentive to invest in skills if they can be 
marketed to multiple employers; workers will gain more from 
making such investments if the machinery or systems they 
use at work is standardised across employers. In a study of 
weavers in the nineteenth century, Bessen (2003) notes that 
wages for weavers did not typically improve as soon as more 
productive machinery was introduced. Instead, they improved 
only when workers were able to use their skills immediately 
at competing firms, if they switched jobs – which is precisely 
what happens with technological standardisation.

3.26 As we shall see later, there are increasing opportunities 
for small, innovative firms as a result of the technological 
standards and IP protections that enable innovators to realise 
returns from contributing small pieces of technology to huge 
global activities such as the mobile phone system. Similarly, 
there are more opportunities at the individual worker’s level to 
realise the benefits of their skills with more standardised and 
modular technologies.

Case studies of standards in hi-tech industries

3.27 Technical compatibility standards have been essential to 
the successful development of the ICT sector. In the report 
accompanying this summary (Compass Lexecon, 2017), we 
provide an overview of the way standards have evolved 
in – and shaped – three important technologies: wireless 
telephony, TV broadcasting and PC operating systems.  
The three were chosen for their common dependence upon 
standards, but also for the differences in the way those 
standards have been set. Wireless standards, at least 

2  See Slack (1990), who notes that trans-Pacific exports from the Eastern US increasingly travel by train to West 
Coast ports, the transfer of containers from rail to ship now being only a minor cost.
3  See Guererro (2014) for an overview and case studies from France.
4  http://www.economist.com/blogs/economist-explains/2013/05/economist-explains-14
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Table 2: Some indicators of the economic importance of standards-reliant industries

Mobile Telephony Television broadcasting Operating systems

size 
(2014, UsD billions)

245.1 79.6 543.8

size growth 
(1990-2014, CAGR)

12.0% 2.1% 8.0%

employment 
(2014, thousand jobs)

168.3 227.5 2,200.6

standards Wireless protocols and many 
others decided through SDOs

Regional standards
(Analogue: PAL, NTSC, SECAM;
Digital: ATSC, DVB, ISDB, DTMB)

Proprietary and open-source 
operating systems

Source:  Bureau of Labor Statistics, Office of Occupational Statistics and Employment Projections. 
“Monthly Labor Review” published on December 2015.

in recent years, have been set mainly through voluntary 
participation in open industry bodies (Standard Development 
Organisations), TV broadcasting standards have typically 
been set by governments and the most common PC operating 
systems act as proprietary standards for the industry, each 
under the control of a single company.

3.28 Here we focus on the similarities: standards are necessary 
in each of these three technologies. All of them depend upon 
bringing together several very different but complementary 
products and all exhibit strong network effects. Later, we 
will consider the way in which they differ: how the different 
approaches to setting standards across the three have shaped 
their development.

3.29 Mobile telephones and PCs are often described through the 
imagery of a ‘stack’: hardware supports an operating system, 
supporting software applications that support content. Each 
of these products is very different and there are obvious 
advantages to the products themselves being supplied by 
different specialist firms, with competition both in the market 
to sell products and in the development of new products. 
However, each industry also has strong complementarity 
between the different layers in the stack as well as network 
effects, at least for some layers. As we noted earlier, these 
conditions could lead to vertical integration and perhaps 
monopolisation. In the absence of standards allowing 
different producers to design products compatible with other 
layers of the stack, the producers of mobile phones and PCs 
might be expected to be vertically integrated. If network 
effects are strong, a ‘winner takes all’ dynamic could develop 
in which one or a few of these companies ends up dominating 
the product markets too.

3.30 In practice, we have not seen this, at least for most levels 
of the stack. In general, companies in these industries are 
not vertically-integrated to a great degree, the stand-out 
exception being Apple with its largely closed “walled garden” 

approach in both PCs and smartphones.5 Although Apple 
is an extraordinarily successful and innovative company, 
its success in controlling hardware, operating systems and 
some applications and content has not been replicated by 
other companies and it remains an exception. There is good 
evidence that ICT innovation is faster when products can 
be supplied by multiple producers, as we shall discuss in 
the next chapter, and even Apple has been found to be less 
innovative in the PC market than the multiple competitors 
supplying PCs on the “Wintel” standard. Perhaps Apple would 
be still more successful if it adopted a more open approach 
to third-party contributions to its products. Overall, Apple 
must be acknowledged as a challenge to the conclusion that 
more open standards lead to more innovative outcomes, but 
perhaps one that proves the rule: in that its success results 
from many unique characteristics it possesses, not just the 
relatively ‘closed’ systems it maintains.

3.31 These three industries alone demonstrate the importance of 
standards in the modern world economy. They are large direct 
contributors to economic output and employment, they also 
enable economic activity more widely and they have grown 
fast, although for TV this growth phase has plateaued in 
industrial countries.

3.32 The economic impact of mobile telephony, in particular, has 
been extensively studied. According to GSMA (2016), mobile 
telephony and associated industries generated 4.2% of GDP, 
were responsible for 17 million jobs and paid over USD 430 
billion in taxes in 2015 globally. Other studies have found that:

 •    Increasing mobile penetration by 10% increases annual 
GDP growth by up to 0.65 percentage points;6

 •    Increasing the share of employees with mobile phones by 
one percentage point can raise labour productivity by 0.9% 
(Bertschek and Niebel 2015);

5  It is worth noting that even Apple has made more use of open standards over the decades. Modern Macintosh 
computers can run Microsoft Office software, for example, and i-Phone’s success has been in large part attributed to 
the third-party apps available for it.
6  See, among others, Qiang (2009); Deloitte and GSMA (2012); Sridhar and Sridhar (2008); Waverman et al. (2005); 
and Lee et al. (2012).
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 •   Increasing competition in the mobile telephony industry 
increases the level of investment in the wider economy 
(Paleologos and Polemis (2013).

3.33 The mobile telephony industry has grown particularly rapidly, 
through innovation and through heavy investment, indicating 
strong investor confidence in its governance structures 
including the Standards Development Organisations we will 
examine later in this paper.

3.34 Indeed, all three of these standard-reliant industries have 
achieved exceptionally rapid growth, despite the complex set 
of infrastructure, hardware, software and content required for 
each to function effectively, as the following chart on average 
adoption times in the US demonstrates.

3.35 One interpretation of such statistics is simply that these are 
large modern industries and that adoption times are faster than 
they were (although that would still leave unexplained why 
adoption has accelerated). However, it seems likely that this 
is not simply an example of the increased pace of the modern 

world. Economic studies have demonstrated that standards 
contributed very directly to rapid adoption rates (on the demand 
side) and rapid innovation rates (on the supply side).

3.36 Pre-existing standards can spur the development and adoption 
of new technologies. For example, the availability of standards 
governing ISDN and wireless telecommunications eased 
both the development and the diffusion process of SMS text 
messaging (Brusoni and Corrocher 2006). In effect, these 
existing standards (created for use by telecoms engineers) 
enabled companies to co-ordinate on a system for short 
customer text messages, avoiding what might otherwise have 
been a long period in which different systems were used by 
different operators. A study of fifty heterogeneous high-tech 
products introduced since 1850 found evidence of the positive 
relationship between standards and regulations and the pace 
of technology adoption (Ortt and Egyedi 2014).

Figure 1: Telecoms investment and mobile connections in OECD countries, 1980-2013
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Figure 2: US technology adoption rates
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3.37 Industries that depend heavily on standards have been shown 
to be more innovative as measured by productivity growth. 
Galetovic et al. (2015) presents several examples of the 
different rates of productivity growth of industries (mostly 
ICT) making extensive use of standards (specifically Standard 
Essential Patents) and industries that do not. The results were 
clear: productivity growth in the standards-based industries, 
as measured by falling quality-adjusted prices, was five times 
faster than in the automobile industry, for example.

3.38 Obviously, this could be interpreted simply as showing 
that the technical scope for improvement in ICT is so much 
greater. Perhaps productivity inherently grows faster in ICT 
industries because the technical scope for doing so is so 
great (as exemplified by ‘Moore’s Law’ of rapid, continuous 
improvement in semiconductor processor speeds7). This would 
create a spurious association between standards and rapid 
productivity growth.

7  Although this merely begs the question of why Moore’s Law exists. It is purely an empirical observation, which 
need not derive from the physical nature of semi-conductors. In the absence of standards, with a more monopolised 
industry structure perhaps it would not apply.

3.39 A way to test this alternative explanation is to compare 
productivity growth in standards-reliant industries against  
that for semiconductor-based products that are less reliant  
on standards, because they are not linked in networks.  
This is what Galetovic et al. (2015) do. Some of their examples 
of non-networked technologies are necessarily a little obscure 
(coin-operated amusement machines, for example), as the most 
common uses of semiconductor-based products are in networked 
computers, but the results are nonetheless compelling.

3.40 In summary, industries making use of technical standards 
bring important benefits to the economy both directly and 
through their wider effects on other industries. The wireless 
telephony perhaps exemplifies this best, so we will provide 
a brief overview of how standards have helped shape that 
industry, before examining in more detail how standard-
setting contributes to economic outcomes, fostering 
innovation and competitive markets.

Figure 3: Quality-adjusted price reduction in microprocessors, standard-reliant products and other  
“Moore’s Law” products, 1997 – 2013
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4.1 Mobile communication standards determine how voice and 
data is transmitted over the mobile network. Their history 
illustrates a gradual shift from government-mandated, 
normally national standards, to global standards driven mainly 
by industry bodies: Standards Development Organisations 
(SDOs). This section briefly summarises this history.

The first generation of mobile telephones
4.2 The first analogue (1G) cellular network was launched in 

Japan by Nippon Telegraph and Telephone (NTT), effectively 
controlled by the Government, in 1979. In the US, the 1G 
standard, called Analogue Mobile Phone System (AMPS), 
was developed by AT&T/Bell and Motorola. The AMPS 
standard was set as the uniform standard for digital 
communications for the US by the Federal Communications 
Commission (FCC) in 1982, a decision which led to many other 
countries choosing AMPS.

4.3 In Europe, in the early 1980s, countries developed their 
own 1G standards. However, the Nordic mobile telephone 
operators cooperated to develop a single Nordic Mobile 
Telephony (NMT) standard, which was introduced in 1981. 
This standard was later adopted by several other countries 
and Nokia and Ericsson controlled roughly one-fifth of the 
world market for mobile phones in 1985, while all other 
European manufacturers together held less than 10%.

2G standards in Europe
4.4 For the first digital (2G) standards, European governments 

explored prospects for a common standards, beginning 
at the CEPT (European Conference of Postal and 
Telecommunications Administrations) in 1982. The CEPT 
included the national telecommunications administrations of 
26 countries, composed of mainly technicians and research 
engineers. Device manufacturers were not a part of the 
official deliberations but were represented by their respective 
national governments. The CEPT established the ‘Groupe 
Spéciale Mobile’ (GSM) to develop a standardised system. 
Decisions in the GSM were to be made through unanimous 
agreement among its members. Members agreed on 
specifications for a 2G standard in 1987, called the ‘Global 
System for Mobile’ communications (GSM), retaining the 
same three-letter abbreviation. Mobile network operators 
across Europe signed a Memorandum of Understanding to 
introduce GSM networks by 1991.

2G mobile telephony in the US
4.5 The US Federal Communications Commission (FCC) did not 

mandate a standard in the US, allowing multiple standards. 
The major telecom companies formed a voluntary consortium, 
the Cellular Telecommunications Industry Association (CTIA) 
including Motorola, AT&T, Nortel, Ericsson, and IMM. In 
1989, the CTIA agreed on a standard which was similar to 
the European GSM. For example, both standards used Time 
Division Multiple Access (TDMA).

4.6 However, in 1991, Qualcomm developed a competing 
technology called Code Driven Multiple Access (CDMA). 
Several industry players regarded Qualcomm’s CDMA 
technology as superior to TDMA, and some operators 
began adopting it. In 1993, the CTIA published Qualcomm’s 
CDMA technology as the ‘IS-95’ standard. The US market 
thus featured both standards. By 2003, there was nearly 
equivalent nationwide coverage in the US for both the CDMA 
and TDMA standards.

Converging to a global standard –  
3G mobile telephony
4.7 The International Telecommunications Union (ITU) 

developed a set of specifications for 3G called IMT-2000. 
Through the 1990s, various SDOs, such as the European 
Technical Standards Institute (ETSI), started developing 3G 
technologies. International standards bodies, such as 3GPP, 
helped combine these technologies into standards that 
qualified under the ITU’s IMT-2000 specifications. 

4.8 For example, 3GPP was the standard body behind the 
‘Universal Mobile Telecommunications System’ (UMTS) 
developed by Nokia that was an upgrade to GSM (2G) 
networks in Europe but was not compatible with the existing 
infrastructure. While this was based on the existing core GSM 
technologies, it incorporated a wideband-CDMA technology 
(W-CDMA). 3GPP2 was another international standards body, 
and was behind the competing 3G standard ‘CDMA2000’ 
which was developed by US network providers and was 
compatible with the existing infrastructure.

4.9 The two standards were developed in parallel. However, 
a coalition of network providers called the ‘Operators 
Harmonization Group’ (OHG) succeeded in securing a 
compromise in 1999. Rather than adopting a single standard, 
3G handsets were required to be able to function in any 
network employing CDMA2000 or W-CDMA.

Standards in wireless telephony
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Updating global standards: transition from  
3G to 4G
4.10 The ITU developed a set of specifications for 4G under the 

title ‘IMT-Advanced’ in the early 2000s. These standards 
were approved in 2008 and widely adopted as the standards 
for 4G.

4.11 As with 3G, various organisations developed technologies and 
brought them together through international standards bodies 
as standards qualifying under these specifications. 3GPP 
developed the LTE standard as an upgrade to the 2G and 3G 
networks. 3GPP’s LTE system (and also its upgraded version, 
LTE-Advanced) provided a wide range of additional services 
beyond those in IMT-2000. The IEEE (Institute for Electrical 
and Electronic Engineers) and the Chinese Ministry of Industry 
and Information Technology (MIIT) also developed alternative 
technologies: WiMax and TD-LTE.

4.12 The ITU recognized LTE and WiMAX to be 4G technologies, 
as they provided significant improvements over the existing 
3G technologies, even if they did not fully satisfy the 
requirements of IMT-Advanced. Later versions of LTE were 
IMT-Advanced compliant.
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5.1 Standard-based industries seem to perform well. However, 
knowing this fact does not explain why they perform well, nor 
does it provide much policy guidance. It is more interesting 
to examine the experiences of different industries in which 
standards are developed and applied in different ways. As 
before, we will take most of our examples from the three 
industries studied in our detailed report:

 •   wireless telephony, in which standards are set through 
voluntary participation in open processes in Standards 
Development Organisations;

 •   PC operating systems, in which standards are for the most 
part under the proprietary control of companies such as 
Microsoft and Apple; and

 •   TV broadcasting, in which standards are mainly promoted 
by governments.

Competitive markets through open standards
5.2 A standard creates opportunities for suppliers of compatible, 

complementary products to compete. In the simple example of 
a railway gauge, the published axle width enables any rolling 
stock manufacturer to produce trucks that will be compatible 
with tracks – and the more widely the gauge is accepted as 
standard, the more competition there is likely to be. However, 
ownership of the standard also creates power, which could be 
leveraged to eliminate competition.

5.3 It is hard to imagine the owner of a railway line seeking to 
keep its gauge secret in order to advantage favoured truck 
manufacturers, yet tech companies such as IBM have been 
accused of essentially the same behaviour. The standard 
owner may have the power to deny other companies access 
to the standard. Finally, the standard owner has the power 
to update or change the standard, potentially stranding the 
investments of suppliers of complementary products or 

even incorporating them as free features in the new design. 
Thus, a standard creates a space within which companies 
can compete, but it can also be abused to stifle competition. 
Which outcome prevails depends on the interests of – and 
constraints on – the organisation owning the standard.

5.4 The benefits of competition, when a standard is open 
enough to allow it, are very clear. In the previous chapter, 
we described the benefits of standardisation of container 
shipping.  Another example is the convergence on USB-C 
chargers in Europe. The European Commission has 
emphasised the benefits of standardisation at reducing waste 
and improving customer convenience.8 A follow-up study for 
the EU found that the estimated retail price of a proprietary 
charger is at around €59, compared to €2.50 for a standalone 
generic micro-USB charger, even though a survey suggested a 
slightly higher manufacturing cost for the micro-USB (Risk and 
Policy Analysts 2014).

5.5 Standards in wireless telephony, operating systems and TV 
broadcasting allow hardware companies producing handsets, 
PCs and TVs, respectively, to be assured that their products 
will be compatible with one another and with complementary 
products such as software. These standards have created 
markets with many hardware suppliers, each with modest 
market shares. Economists typically measure market 
concentration as the sum of squares of market shares (the 
Herfindahl-Hirschman Index, HHI) or as the sum of shares 
of the top three, four or five (C3, C14, C5 firms) and these 
measures are reasonably low for hardware manufacturers for 
these three industries.

8  “MoU regarding Harmonisation of a Charging Capability for Mobile Phones”, June 5th, 2009. <http://ec.europa.eu/
DocsRoom/documents/2417/attachments/1/translations>
9  Furthermore, a standalone iPhone mains charger cost €19 in the Apple Store: Apple supplies adaptors to comply 
with the European harmonisation requirements, instead of standardising its phones.

Standard-setting in practice:  
how open standards drive 
competition and innovation

Table 3: Concentration levels in hardware markets for mobile, television, and O/S industries (Global, 2016)

Industry HHI CR(3)

mobile phone manufacturers 608 36%

LCD TV manufacturers 828 43%

Computer manufacturers 1578 61%

Source: IDC Worldwide Quarterly Mobile Phone Tracker;

Statista <https://www.statista.com/statistics/267095/global-market-share-of-lcd-tv-manufacturers/>;

IDC Quarterly Personal Computing Device Tracker - PCD Final Historical, 2016Q4.
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Figure 4: Global market shares of PC manufacturers, 1995-2016
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Figure 5: Apple vs Wintel - Adoption of Intel CPUs, June 2006-March 2009
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5.6 The competitive nature of supply of PCs and mobile phone 
handsets can also be seen in the dynamics of these industries: 
they are not dominated by long-lived firms with persistently 
high market shares, on the contrary some industry leaders 
(e.g. Dell and Toshiba for PCs, Motorola and Nokia for phones) 
have seen their fortunes fall as new players emerge (e.g. 
Lenovo, for PCs and Huawei for phones).

5.7 The overwhelming majority of PCs sold since the 1980s 
have been on the so-called “Wintel” standard: Microsoft’s 
Windows operating system working on Intel’s chip 
architecture. This standard cannot be characterised as 
completely closed or open. It is closed compared to the 
approach to developing wireless telephony standards in 
voluntary open processes, for example, in that Microsoft has 
full control over the operating system and its development. 
However, multiple providers can and do build hardware 
that runs Windows and many developers provide software 
applications too and in these activities the system is 
reasonably open with many players involved (memorably 
described by Bresnahan and Greenstein (1999) as an ‘anarchic 
rabble’). It is certainly open in comparison to Apple, which 
manufactures its own hardware and this provides a useful 
contrast to examine how open standards affect competition 
and innovation.

5.8 Copeland and Shapiro (2010) examined just that question and 
found that Apple in fact introduced new models more slowly 
even than individual Wintel manufacturers and therefore very 
much more slowly than the Wintel manufacturers collectively. 
Figure 5 plots the age of the CPU since its launch by Intel in 
the latest version of Apple, Toshiba and Hewlett-Packard PCs. 
Apple’s PCs were almost always the oldest.

5.9 Furthermore, the same study found that Apple’s prices did not 
decline significantly over the product cycle, presumably because 
it was not facing new, higher-performance competitors.

5.10 An open platform allows competition and competition helps 
to spur innovation and cost reduction. A similarly competitive 
market can be observed for mobile phone handsets, at least 
recently, which use technologies developed through voluntary, 
open processes.

5.11 These markets therefore seem both to be reasonably 
unconcentrated and – more importantly – dynamically 
competitive, in that newer or smaller players with better 
offerings can supplant the incumbents. However, it has not 
always been this way. Some of the dynamics of the handset 
market illustrated above can be traced to national, regional and 
proprietary standards being replaced by open, global standards.

5.12 In the early 1990s, mobile phones were based either on 
the first generation (1G) analogue or the new digital (2G) 
technologies. However, there were multiple standards around 
the world. Almost everywhere except the United States, 
such standards were heavily influenced, if not directly set, by 
governments or state-owned telecommunications companies. 
The results illustrate the way in which the controllers of 
standards – public and private - can stifle competition.

5.13 The most successful handset providers were from countries 
or regions whose national mobile communication systems 
became standards across a wider area. For example, in 
1G, North American firms were successful in the provision 
of services and infrastructure based on North American 
1G standards (AMPS/TACS), whereas Nordic firms were 
successful in the provision of services and infrastructure 
based on the Nordic NMT standard (Funk 1998).

Figure 6: Global market shares of handset manufacturers, 1995 to 2016

0% 

5% 

10% 

15% 

20% 

25% 

30% 

35% 

40% 

45% 

50% 

19
95

 

19
96

 

19
97

 

19
98

 

19
99

 

20
00

 

20
01

 

20
02

 

20
03

 

20
04

 

20
05

 

20
06

 

20
07

 

20
08

 

20
09

 

20
10

 

20
11

 

20
12

 

20
13

 

20
14

 

20
15

 

20
16

 

M
ar

ke
t s

ha
re

s 
by

 g
lo

ba
l s

hi
pm

en
t v

ol
um

e 

Huawei OPPO ZTE vivo Xiaomi 
Alcatel BlackBerry Lenovo itel HTC 
Coolpad Micromax Gionee 

Motorola 
Nokia 

Samsung 

Sony Ericsson 
Apple 

LG Electronics 
Siemens 

Notes: Sony Ericsson data also includes sales of Ericsson (1995-2001) and Sony (2012-2016).

Sources: 1995-2003 sales Strategy Analytics; 2004-2016 sales IDC Worldwide Quarterly Mobile Phone Tracker.



Section 5
Standard-setting in practice:  
how open standards drive  
competition and innovation

16COmPAss LexeCOn
Economic Impact of Technology Standards
The past and the road ahead

5.14 Table 4 shows mobile phone market shares in the period 
1993 – 1997, when the market was a mix of 1G and 2G. The 
percentages show the total market shares of firms producing 
in a domestic standard. For example, for the US AMTS 
standard, 60% of infrastructure and 70% of phones were 
provided by US manufacturers. All equipment using Japan’s 
NTT standard was manufactured by Japanese firms.

5.15 A government-sponsored standard can work as a 
protectionist policy for domestic industry. However, like trade 
protectionism, any such benefits are likely to be transitory 
because they shield firms from truly tough competition. Nokia 
and Ericsson had high market shares, especially in Europe, 
during this period but lost out rapidly when the adoption 
of global 3G standards exposed them to more effective 
competition from Asian producers.

5.16 The decline of Motorola’s market share in handsets can 
also be attributed in part to the development of more 
open standards. Motorola owned some of the technology 
necessary for 1G and some 2G mobile phones. It chose not 

to license it widely on non-discriminatory terms. Several 
European companies (such as Matra from France and Dancall 
from Denmark) as well as Japanese companies failed to get 
the necessary licences. Virtually all equipment was supplied 
by the companies that took part in the cross-licensing scheme: 
Ericsson, Nokia, Siemens, Alcatel, and Motorola.

5.17 The protection from competition that resulted did not help 
Motorola’s competitiveness. Motorola’s global market 
share fell from around 45% to around 25% between 1995 
and 199810. In the US, its share fell from 60% to 34% as its 
preferred GSM standard lost market share to the superior 
CDMA standard (Crockett 1998).

5.18 With limited competition, the quality-adjusted relative prices 
of phones in the US continued to climb until 1997. Around 
that time, Motorola’s dominance was challenged by multiple 
manufacturers of 2G cell phones competing for market share. 
Motorola was slow to respond to the onset of digital 2G 

10  Global market shares are calculated using data from IDC Worldwide Quarterly Mobile Phone Tracker.

Table 4: Domestic bias in mobile phone subscriptions and sales, 1990s

Standard Subscribers connected to the infrastructure of 
domestic firms for the standard, out of all subscribers 

Mobile phone sales of domestic firms for the standard, 
out of total unit sales

AmTs 60% 70%

TACs 70% 50%

nmT 98% 55%

nTT 100% 100%

Gsm 98% 60%

PDC 80% 95%

Notes: Data gathered during 1993-1997 by Funk (1998).

Source: Funk (1998), Table 4.

Figure 7: Quality-adjusted relative prices of telephone equipment, TVs and electricity (US data), 1951–2013
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technologies in the US. From that point onwards, and through 
both the 3G and 4G revolutions, the price of telephone 
equipment fell by 10 percent per year on average.

5.19 Figure 7 shows the small but steady decline in quality-
adjusted prices in the US: before the invention of mobile 
phones (until 1982), the price hike in the first years of mobile 
phones during which Motorola refused widely to license its 
technology (1982-1997), and the significant drop in quality-
adjusted prices with the later development of 2G, 3G, and 4G 
technologies.

5.20 The development of voluntary open standard-setting on a 
global scale, therefore, has led to more innovation through 
more competitive market structures for handset sales 
than when standards were set regionally, by governments 
concerned in part to promote the interests of domestic 
producers.

5.21 The mobile phone and PC businesses also illustrate a crucial 
difference between the effects of voluntary open standards 
for wireless communications technologies and operating 
systems, such as Microsoft Windows, which are open to 
complementary products (hardware and applications) but 
themselves sold and developed under proprietary control. 
Microsoft retains a very high share of the operating systems 
installed on PCs (although it has not been able to repeat this 
success on smartphones). The dynamics of the PC operating 
systems market illustrate a classic ‘standards war’ in the early 
days, collapsing to a near-monopoly from the late 1980s, as 
Windows achieved about 90% market share, with only Apple’s 
OS and Linux maintaining a hold in their very different niches.

5.22 Given the scale of network effects, perhaps this very high 
market share is both inevitable and beneficial. Only a thin 
layer of the ‘stack’ is monopolised and as we noted, it 
sustains a competitive PC hardware market. However, a 
proprietary standard owner misses out on competition in a 
more important area: the competition between innovators 
to contribute to the standard itself. Obviously, all of the 
intellectual property in Microsoft Windows belongs to 
Microsoft itself. In contrast, with each successive generation 
of wireless telephony, ownership of the standard has become 
less concentrated.

5.23 Note that the different technologies contributing to the 
standard are complements; therefore, diverse SEP ownership 
does not imply direct, in-market competition. However, it 
does illustrate competition between innovators to provide 
technology to the standard in its development phase. The 
open standard development process in wireless telephony 
allows for many different and alternative approaches to 
be put forward, while also putting competitive pressure on 
innovators to work creatively and fast.

5.24 The result is likely to be faster innovation than in a proprietary 
standard which misses out on these advantages, as we shall 
now discuss.

Open standards, innovation and the market for 
technology
5.25 The wireless telephony industry has been stunningly 

innovative, driving up performance and driving down costs. 
The chart below illustrates how rapid this progress has 
been. Our contention is that the open, voluntary standard 
development process in wireless telephony – with multiple 
innovators contributing to the technological standard – is 
partly responsible.

5.26 Handheld computers (a form factor now essentially obsolete 
because of smartphones) provide a good source of evidence 
on the effects of closed versus open operating systems, 
because unlike the PC market, they did not settle on a single 
dominant model. Boudreau (2008) describes how some 
companies operated entirely closed systems, providing 
hardware software and applications; others opened the 
hardware market to competition, as the Wintel standard 
does, while others opened the operating system itself, 
allowing external participation in its development. Opening 
up to hardware competition was associated with a five-fold 
increase in the rate of introduction of new products, but 
opening the operating system itself produced a further 20% 
increase in new product development.

5.27 The more profound innovative surge in the mobile telephony 
industry seems likely to derive more from the structural 
changes that open standard-setting provides. Crucially, most 
Standards Development Organisations recognise intellectual 

Table 5: More diverse standard essential patent ownership in mobile standards

SEP owning entities Count (%) of 2G SEPs Count (%) of 3G SEPs Count (%) of 4G SEPs

Top 2 1,208 (42%) 2,188 (30%) 2,424 (23%)

Top 5 1,951 (69%) 4,197 (58%) 5,125 (48%)

Top 10 2,385 (84%) 5,616 (78%) 7,664 (72%)

Top 20 2,648 (93%) 6,524 (90%) 9,708 (91%)

Top 40 2,802 (99%) 7,088 (98%) 10,476 (99%)

Source: Padilla and Llobet (2017).
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property rights over technology accepted into the standard. 
Firms wishing to manufacture products compliant with that 
standard then have to pay license fees to the holders of these 
Standard Essential Patents.

5.28 There is an active debate on how to set such fees, that we 
will briefly consider in the next chapter. Here, we want to 
focus on a less-remarked but possibly more significant effect 
of such IP licensing: it creates the possibility for a market in 
technology.

5.29 Such a market involves a separation of the business of 
innovation from the business of making products dependent 
on those innovations. It is not a new idea. Over half the ‘great 

American inventors’ of the nineteenth century licensed their 
technology, allowing them to specialise in invention itself 
rather than the very different skill of manufacturing (Henry 
Ford called Edison ‘the world’s greatest inventor and the 
world’s worst businessman). Indeed, economic historians have 
suggested that it is only in the 1920s and 30s that the pattern 
emerged of large companies carrying out their R&D in-house, 
at least in the US. In the post-war period, it became a truism 
that the vast majority of industrial R&D took place in the 
largest firms. Yet this pattern is now reversing.

5.30 The reason surely partly relates to the use of IP rights.  
This can perhaps most clearly be seen in the semiconductor 
industry, because of a legislative change that clarified IP 

Figure 8: Rapid productivity growth in wireless telephony: faster and cheaper
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Figure 9: More specialised ‘fabless’ semiconductor designers
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rights. Semiconductors become faster mainly as a result of 
improvements in chip design: fitting more components into 
a given space and improving the connection paths between 
them (without generating so much heat as to damage the 
chip). Despite the obvious importance of such design, until 
1984, US IP law was rather unclear in how designs could be 
protected. The Semiconductor Chip Protection Act (1984) 
remedied this situation (Radomsky 2000).

5.31 The effect on the industry was dramatic. Without strong 
IP protection, the best way to generate a return on the 
investment in designing a chip was to make and sell it. The 
industry was therefore dominated by vertically-integrated 
firms that designed and manufactured their own chips. 
However, with rights to a new design assured, it was possible 
for designers to licence designs to manufacturers for a royalty. 

This brought two completely new business models:

 a.  ‘Fabless’ R&D outfits, with no manufacturing capability, 
able to concentrate on the design of chips; and

 b.  ‘Fabs’: dedicated manufacturers, able to manufacture chips 
based on multiple designs, either for marketing themselves 
or on behalf of others.

5.32 Following the amendment in US law, a large number of 
‘fabless’ firms entered the industry so that by 1998 there 
were over 500 fabless semiconductor design firms, with 
revenues of over USD 7.8 billion (Macher et al. 1998). 
Companies such as AMD, Texas Instruments, Freescale, 
Infineon, STMicroelectronics, and NXP have all moved to a 
fabless model. In contrast, manufacturing has moved to large 
‘foundry’ companies, such as TSMC, UMC, and Common 

Figure 11: Patent ownership in the ICT sector has fallen in the US
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Figure 10: More industrial R&D in the US is carried out by small firms
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Platform. Intel is the only PC processor company left with 
their own ‘fab’, but even it has begun using external foundries 
for non-processor semiconductors.

5.33 Without the market for technology, the industry structure 
would be much more concentrated because of the economics 
of chip manufacture. A large fab can require a USD 1 billion 
investment, so there can be few manufacturers. If new 
semiconductors could only be designed only by vertically-
integrated firms, there would therefore be few research and 
design operations. In short, the ability to license intellectual 
property made it viable to run an R&D specialist business, 
allowing the industry to be more innovative and more 
competitive than would otherwise have been the case. This is 
an increasing trend: the share of small firms in R&D is growing 
in the US.

5.34 We previously noted that the concentration of patent ownership 
has fallen in each generation of mobile phone technology: more 
firms are involved in technology development. This matches a 
more general trend in the ICT sector.

5.35 Not only are firms able to co-operate and compete in 
production, therefore, but in innovation as well. Standards and 
robust intellectual property rights are changing the traditional 
boundaries of the firm. Trust in the rules governing commercial 
interactions enables firms to deal with one another in the 
marketplace, rather than merging into an integrated firm, and 
this applies to innovation as well as to physical production. 
These trends are likely to be good for innovation – because 
they create a more diverse base of different ideas and allow 
more competition between innovators – and good for the 
economy, as the prospects of growth for smaller innovation-
intensive firms are likely to lead to better-quality jobs.

5.36 It is unlikely that these trends are entirely driven by voluntary, 
open standard-setting but they would surely not exist without 
the opportunity for a ‘pure play’ research company to be 
rewarded for its innovation through license fees, which is a 
major part of today’s standard-setting environment, as we 
now discuss.
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6.1 Standards can create competitive and innovative industries 
but it matters who sets the standard. Who is responsible for 
developing the standard and who can decide what technology 
is allowed in and what is excluded? This ‘gatekeeper’ role 
turns out to have profound effects on how effective standards 
can be in bringing out the competitive, innovative industries 
that we described above. Here, we distinguish three broad 
approaches to setting standards:

 a.  Proprietary standards, controlled by a single firm or small 
group of firms. Often such ‘standards’ will simply emerge, 
in the absence of any specific governance arrangements. 
Operating systems such as Microsoft Windows are 
examples.

 b.  Government standards, set by state bodies. The majority 
of ‘standards’ set by government relate to safety and 
product quality. Here we are concerned only with technical 
compatibility standards. Many standards in ICT have been 
set by governments in the past, TV broadcasting standards 
still are, in many countries.

 c.  Voluntary open standards, set by industry bodies in 
which companies and other institutions can participate. 
There is a vast range of such bodies, which we will call 
Standard Development Organisations (SDOs), with different 
approaches. Here, we will focus on those that bring 
together creators and users of technology and allow new 
technology to be incorporated within a declared standard.

6.2 It is our contention that voluntary, open standard-setting will 
usually lead to more innovative and competitive outcomes, 
particularly through their effects on market structure. 
Sometimes proprietary standards or government intervention 
will be inevitable and there are examples of these types of 
standards working very effectively.

6.3 Often the choices are framed in simplistic terms: private 
monopoly or state regulation, allow vertical integration or 
break tech giants up. Such stark choices appear to raise 
dilemmas, trading off the virtues of scale against those 
diversity and competition. Yet the SDOs have quietly created 
a system in which technology can be standardised without 
being monopolised, in which companies can achieve the giant 
scale needed for manufacturing while others stay small and 
innovative and in which innovators can be rewarded for their 
creativity without being provided with monopoly rights over 
final products. This system has resulted in today’s highly 
competitive and innovative wireless telephony industry and 
many other success stores too. It is not perfect but it deserves 
more attention from policymakers.

A single private sector gatekeeper: proprietary 
standards
6.4 We define a proprietary standard here to be one under 

the control of a single firm, or small closed group of firms. 
Proprietary standards will typically bring many of the benefits 
that we identified above arising from standards, but they have 
potential drawbacks.

	 •   They are more likely to lead to multiple standards in 
the market, which will be inefficient in industries with 
significant network externalities are important. Even a 
limited-duration ‘standards war’ can be economically 
harmful, especially if it results in the selection of inferior 
technology.

  –   There are numerous examples of standards wars, from 
alternative railway gauges of the nineteenth century 
to modern technical standards battles such as Sony’s 
Blu-Ray vs Toshiba’s HD DVD. Costly investments in 
the losing technology – by the competing firms and by 
customers – can be left stranded once one standard 
triumphs. In some cases this can act as beneficial 
competition, of course, in which the market identifies a 
winner (which will often be preferable to governments 
picking winners). However, such wars can be won by the 
inferior standard, as has been claimed for the emergence 
of the standard railway gauge, the QWERTY keyboard 
and most famously the VHS vs Betamax video tape 
standards.11

	 •   A firm sponsoring a proprietary standard may have weaker 
incentives for radical innovation than would multiple firms 
contributing technology to a standard, because it replaces 
‘itself’ rather than potentially replacing a rival.

  –   The ‘disruptive innovation’ concept, pioneered by 
Christensen (1997), captures this point. Economic incentives 
and internal culture make it less likely that the sole owner of 
a standard will seek to replace it, so proprietary standards 
are likely to show steady incremental innovation, not radical 
innovation (unless and until a disruptive entrant overturns 
the standard from ‘outside’).

	 •   Proprietary standards that come to dominate a market are 
likely to lead to market power, worsening prices and quality 
and reducing the speed with which innovations diffuse in 
the market. A proprietary platform sponsor might behave 

11  Although we note that none of these cases is undisputed. In particular, VHS video tape had some advantages over 
Betamax – notably that a single cassette could hold an entire movie.
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opportunistically, exploiting its superior knowledge of the 
platform to displace suppliers of complementary products 
and thus deterring innovation in the ecosystem or – in 
some extreme cases – use its market power directly to 
exclude them from the market.

  –   Accusations by competition authorities against standards 
owners have often been concerned either with leverage 
of the market power created by the standard to 
monopolise other markets (such as Microsoft Windows 
and media players) or the use of superior knowledge of 
the standard in a way that deters innovation (such as 
the 1969 litigation against IBM, which was alleged to 
be manipulating its interface and delaying release of 
information about updates to harm competitors).

The state as gatekeeper: government standards
6.5 In many cases a government-promoted standard will provide 

the benefits of standards that we have identified earlier 
in this report. In the previous section, we identified many 
disadvantages that can also result from proprietary standards. 
Government-promoted standards could be effective in dealing 
with these as well, in that:

	 •   A government standard will typically either impose 
a de jure standard or at least provide a very strong 
steer towards a single de facto standard, avoiding the 
inefficiencies of multiple standards and standards wars 
within its own territory. However, standard-setting by 
national governments or regional bodies may well result 
in geographic fragmentation, with multiple national or 
regional standards.

	 •   In principle, a government could select the optimal 
standard for the economy and the society. That said, while 
there are examples of governments supporting success 
stores, such as DVB-T, governments might pick the wrong 
standards because of a lack of technical expertise, or 
because they have political reasons to do so, as we shall 
discuss.

	 •   Again, in principle, a government standard could avoid 
monopoly and the inefficiencies, slow innovation, and the 
possibility of anti-competitive behaviour that it creates. 
That said, government standards do often favour particular 
firms, creating monopolies in markets that might otherwise 
be competitive.

6.6 In some cases, this could be a helpful intervention to move 
what would otherwise be a slow-moving standards war (or 
discussion) forward, or to focus on longer term issues that might 
be important but would not be reflected in a purely market-based 
contest. The Korean government’s intervention in mandating 
2G standards for mobile telephony allowed the Korean 
manufacturers to flourish and establish themselves as leading 
handset manufacturers (Jho 2007). Sometimes a government 
imposed standard can be necessary to help co-ordinate change, 
or to deal with industry incentives that are not aligned with the 
objectives of the wider economy and society.

6.7 However, governments’ records in ‘picking winners’ are 
poor, partly because they lack commercial incentives to 
identify efficient technology. When intervening in standards, 
a government is a ‘blind giant’ in the phrase of David and 
Greenstein (1990), often brought in with little information 
during a short time interval before the market locks in a 
standard. Governments may pay excessive attention to 
purely technical standards, ignoring some commercial 
considerations. For example, in the 1950s the US Federal 
Communications Commission initially chose the colour TV 
standard developed by CBS, which unlike the rival RCA 
standard was not compatible with the large and growing 
installed base of black and white sets. This attempt to ignore 
market realities failed, and the FCC had to reverse its decision.

6.8 Government-imposed standards have led to inefficient 
regional fragmentation. This harms trade and competition, 
leading to poor outcomes for consumers and possibly reduced 
innovation. We noted earlier the restricted competition in 
early mobile telephony. TV broadcasting standards provide a 
clearer example. In analogue colour television, incompatible 
standards led to restrictions on Japanese participation in the 
European market from the 1960s through to the 1980s, a time 
when Japanese products were cheaper, in part because the 
PAL standard prevented Japanese producers from diversifying 
from production for their home NTSC standard. Similarly, 
France adopted a different standard to Germany for fear of 
German competition in manufacturing sets.

6.9 The effect may be similar to a trade barrier. Although freer 
trade is not always politically popular, economists have 
demonstrated that competition from foreign producers 
benefits both the exporting and importing countries, and spurs 
innovation and growth. Deliberately restricting trade and 
competition is not a route to economic success.

Open participation in the gatekeeper role: 
Standard Development Organisations
6.10 An alternative both to proprietary standards and to 

government standard-setting is for standards to be developed 
through voluntary participation in open industry groups, 
particularly Standard Development Organisations. Although 
not perfect, these processes can avoid or ameliorate some of 
the problems described above.

Avoiding multiple standards, standard wars and regional 
fragmentation

6.11 An open standard-setting process can provide a single 
standard, when to do so would be the most efficient solution. 
This is the idealised goal in most cases of Standards 
Development Organisations - to take what could otherwise 
be an inefficient process of multiple standards vying for the 
market with a process of technical evaluation to select the 
standard.

6.12 SDOs can and do endorse multiple standards; and in some 
cases, a standards war is fought in the marketplace while 
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an SDO-based standardisation process is under way. Open 
standard-setting processes therefore do not necessarily 
eliminate the uncertainties associated with investing in 
products that are complementary to a standard. In any event, 
the standard might fail to secure user approval and fail in 
the marketplace even after adoption (as did Digital Audio 
Tape, which failed to secure sufficient interest either among 
customers or music providers). However, one of most SDOs’ 
objectives is to avoid wars between competing standards and 
they usually succeed.

Selecting efficient technology

6.13 SDOs mostly require that technologies selected as standards 
are technologically well suited to the industry. More generally, 
the standard development process is inherently technical in 
nature, at every stage, with needs and proposed solutions 
identified through technical discussion. In an open standard-
setting process, for example:12

	 •   A technical need is identified; and, if agreed by the SDO as 
a whole, working groups consider how to meet it;

	 •   Technical solutions can be proposed and submitted ahead 
of the standards meeting, giving participants time to 
evaluate the proposal;

	 •   Each proposed solution is presented and discussed in open 
forum under a neutral chairperson;

	 •   Depending on how the SDO is structured, voting or 
consensus decision on the basis of technical merit selects 
the proposal for the standard.

6.14 Part of the reason why SDOs select efficient solutions is a 
decision-making process based upon voting. Both the ‘supply’ 
and ‘demand’ sides of the market are typically involved in 
SDO decision-making. When one side has market power, it 
will typically be reflected in there being few firms on that 
side – in the extreme, a monopolist supplier of technology. 
Yet it is precisely in those circumstances that the supply side 
would have the fewest votes. By bringing together both the 
supply and demand for innovations, an SDO can help develop 
technologies responsive to users’ needs.

Innovation and competition

6.15 SDOs provide incentives for innovation by defining standards 
that add value to patented technologies. Several studies have 
established that patents declared as essential to implement a 
standard are more valuable than an ‘average’ patent (Rysman 
and Simcoe, 2008 and Layne-Farrar, 2008). The difficulty lies 
in distinguishing the extent to which SDOs are selecting those 
technologies that are already the most valuable, and to what 
extent they are conferring additional value on patents ex post 
by bringing them into the standard development process.

6.16 For example, Rysman and Simcoe (2008) study patents 
disclosed to four SDOs - ETSI, IEEE, IETF and ITU – and find 

12  Drawing upon the example of the 3GPP process described in Gupta (2015).

both of these effects present. They find that SDOs tend to 
select more important technologies, while at the same time 
standardization confers additional value on patents. They 
estimate that the causal effect represents between 20% and 
40% of the difference in citations between SDO and non-SDO 
patents.

6.17 This and similar studies suggest that firms have strong 
incentives to have their patents included in SDOs, as the 
standardization process increases their intrinsic value, while 
SDOs are more likely to select the most valuable patents, 
boosting ex-ante incentives to innovate.

6.18 The value to a contributing organisation of having a patent 
included in a standard can be quite high because this may 
enable a steady stream of licensing revenue in future years. 
Participation in standard-setting appears to be a market 
indicator of firm’s profitability. Firms joining a standard-
setting initiative have been found to generate higher returns 
(Aggarwal et al. 2011) as have those owning standard 
essential patents (Blind et al. 2011).

6.19 SDO participants are likely to be more willing than would a 
proprietary standard owner to innovate to overturn existing 
standards. Firstly, the implementer side of the market will in 
general prefer technical improvements. Secondly, an innovator 
with a share of the value of a standard is in a very different 
position from a monopoly owner of a proprietary standard. 
The desire of suppliers each to capture a larger share will 
drive them to competitive innovation.

Competitive markets

6.20 Finally, as we have noted throughout this report, open 
standard-setting allows multiple firms to persist in an industry 
because firms can trust the rules governing how the standard 
is applied and developed. Open standard-setting avoids the 
problems of monopolisation of a platform, whether expressed 
through opportunistic behaviour to displace producers of 
complementary technologies or through abuse of market 
power. Unlike a proprietary standard-sponsor, an innovator 
participating in open standard-setting does not have valuable 
inside knowledge either of the standard itself or the process 
for updating it. Any firms can take part in the standard 
development process and of course the standard is published.

6.21 It is the confidence that this open participation and publication 
provides to innovators, that allows the emergence of varied 
and competitive industry structures, as we described earlier.

Encouraging participation and innovation in open 
voluntary standards
6.22 Realising the benefits of open standard-setting obviously 

requires active participation in the process. In this section we 
consider how this can happen and the benefits of the ‘market 
for technology’ that results when innovators are able to 
transfer their technologies to specialist implementers, rather 
than through manufacturing end-products themselves.
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6.23 SDOs are voluntary participation organisations, so to induce 
innovators to contribute they need to provide them with at 
least as attractive a return on their investment in R&D as 
those innovators would be able to obtain by developing a 
proprietary standard, outside the SDO (Layne-Farrar et al. 
2014).13 Implementers also must have incentives to take part, 
without uncertainty that they will be held up by owners of 
the technology.

6.24 SDOs governance rules seem to be striking a good balance 
in preserving the incentives to innovate of the undertakings 
involved and encouraging them to participate in the 
development of standards. SDOs have gradually improved 
the effectiveness of their policies to ensure that one interest 
group does not dominate others.

Openness helps ensure balance of different interests

6.25 SDOs are generally concerned to assure a balanced 
representation of categories of interest (differently sized firms 
or consumers, as well as different industries) and to design 
rules to prevent a single member from dominating standard 
development. Different SDOs apply very different voting 
mechanisms and often have multi-stage voting procedures for 
standards. Typically, all members have a vote, but the vote may 
be weighted. For example, at ETSI, the votes are weighted based 
on the volume of sales; or may be on a national basis reflecting 
the weights in the European Council. In order to ensure that 
everyone is heard, many SDOs allow their members to appeal 
the votes and decisions on standards (Baron and Spulber 2015).

6.26 The voting percentage required to approve a standard varies 
across standards (Baron and Spulber 2015):

 a.  11 out of 31 require a simple majority (i.e. greater  
than 50%);

 b.  5 out of 31 require a unanimous decision (i.e. 100%);

 c.  8 out of 31 require a two-thirds majority (i.e. greater  
than 66%);

 d. 3 out of 31 require greater than 71% of the votes; and

 e. 4 out of 31 require more than 75% of the votes.

6.27 Almost all SDOs have open membership: all interested parties 
can join the SDO subject to specific procedures. This may 
involve a membership fee. Many also allow non-members to 
participate in meetings, as observers.

A variety of IPR policies, reflecting different industry 
characteristics

6.28 There is remarkable diversity among SDOs in how they treat 
IP rights, perhaps reflecting the very different institutional and 
sectoral origins of different SDOs. SDOs often require that their 
participants disclose patents that are likely to be necessary for 
the manufacture and use of standard compliant products.

13  Layne-Farrar et al. (2014) characterise a variation of the incremental value rule for defining ‘fair, reasonable, and 
non-discriminatory’ that accounts for both investment and participation incentives in a standard-setting process.

6.29 Such disclosures take place on a large scale: more than 
200,000 patent disclosures from 19 major SDOs (Baron and 
Pohlmann 2010). 170,000 of these were disclosed at ETSI 
alone, while some other SDOs with more than 1000 patent 
disclosures were Blu-ray, ISO, IEEE, ITU, and DVD Forum. 
Many organisations disclose patents: of 292 disclosing 
organizations, the most disclosures were done by Qualcomm, 
InterDigital, Motorola, Siemens, Nokia, and Ericsson (Blind et 
al. 2011).

6.30 The most common framework under which SEPs are licensed 
is FRAND. A survey by Pohlmann and Blind (2016) for IPlytics 
found that 68% of all declared SEPs allow licensing under 
FRAND. Furthermore, 65% of this sample are subject to 
reciprocity rules such as cross-licensing. In some SDOs, the 
rights holder can state that they are not prepared to license 
essential patents, provided that they did not participate in the 
standard-setting process and thus did not commit to license.

6.31 Royalty-free SDO licensing policies are not uncommon. In a 
survey of 251 standards in a typical laptop computer, Biddle 
et al. (2010) find that 22% were royalty-free. Moreover, 
not all patent holders that are engaged in development of 
standards actively seek to licence or enforce their patents. 
Their motivation for holding the SEP is largely defensive, i.e. 
to protect themselves from patent infringement litigation or 
as bargaining chips in negotiations with other patent holders. 
Therefore, these SEPs are royalty-free in practice.

6.32 Between 2007 and 2010, approximately 59% of all patent 
disclosures made at IETF were accompanied by a voluntary 
commitment not to assert patents or to license them on a 
royalty-free basis (Contreras 2011). Overall, therefore, many 
patents are royalty-free.

Policy changes and participation

6.33 Some SDOs are changing or considering changing the balance 
of incentives for technology producers and users, respectively, 
to take part. This could affect participation. Already, a survey 
has found that firms with higher patenting activity are less 
likely to join collective standardisation efforts because of the 
disclosure and licencing requirements of SDOs.14

6.34 In 2015, IEEE amended its policy on licensing standard-essential 
patents, requiring licensors to forego their right to injunction 
except under limited circumstances and also recommended a 
method of calculation of reasonable royalty rates. Katznelson 
(2016) studies innovator participation using rates of licensing 
Letters of Assurance (LOA) at IEEE and finds a sharp (and 
statistically significant) reduction following this change. Not 
only did the rate of new LOAs fall, some patent holders actually 
declined to license under the new terms, on previously-issued 
LOAs (shown as negative LOAs in the chart below).

14  Blind and Thumm (2004), in a survey of 149 European firms.
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6.35 There is an active debate around whether such changes will 
reduce participation in the longer term. An earlier, similar, 
policy change at VITA, a smaller SDO focused on the defence 
and avionics sectors, has been found not to have reduced 
participation (Contreras 2013). Katznelson’s findings have 
been challenged (IPLytics 2017) and further interventions on 
both sides of the debate are expected.

6.36 The vigour of the debate shows the importance of the issue 
and the sensitivity of participants to these rules changes: 
unsurprising given the importance of standard-setting to the 
ITC sector and the importance of that sector – and standard-
setting – to the wider economy.

Figure 12: Decline in non-duplicate licensing Letters of Assurance for IEEE standards
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7.1 In this report, we have described how standards set 
through voluntary participation in broad-based industry 
bodies produce innovative industries, because they provide 
incentives and opportunities for innovation and also because 
they enable the development of competitive and diverse 
industry structures. The performance and success of the 
mobile telephony industry in recent years illustrates these 
effects. There may be lessons from this experience, for 
how to approach the complex questions of IP rights and 
competition in technology platform industries.

7.2 Proprietary standard-setting, in contrast, can lead to 
inefficient standards being chosen, for the commercial 
advantage of a dominant firm. Government standard-setting 
can be motivated by political and protectionist motives 
also to choose inefficient technologies . Both of these 
alternative governance arrangements are also likely to lead 
to a less diverse and less competitive market structure than 
if standards are set through open participation in industry 
bodies. In particular, they are less likely to create the 
innovative and competitive ‘market for technology’ in which 
innovators license technology than would a standard open to 
all, set through an SDO with voluntary participation by both 
sides of this exchange.

7.3 Standards set collaboratively - with technology licensing - 
allow innovative firms to contribute technology in a way that 
is not dependent either upon downstream manufacturing 
or on dealing with a single powerful counterpart. Without 
such opportunities, we would expect to see the emergence 
of large, vertically integrated firms and in many cases 
competition would be less vigorous because economies of 
scale in manufacturing, or monopolisation of an essential 
layer in the supply chain, reduce the scope for competitors.

7.4 The mobile telephony sector exemplifies this. Downstream, 
handset markets exhibit significant entry and exit, apps and 
services are highly competitive and innovative. Upstream, we 
see the ownership of technology becoming less concentrated 
in each successive wireless generation. The more diverse 
‘ecosystem’ enabled by technology licensing is showing up in 
national data as more R&D is being conducted by small firms, 
at least in the US. These outcomes depend upon a careful 
balance being struck between technology producers and 
users, within the Standard Development Organisations.

7.5 Modern information technology developments raise a host of 
questions for competition policy. We are not suggesting all of 
these can be solved through institutional structures like SDOs. 
However, such arrangements do demonstrate alternative 
approaches to the false dilemma of private monopoly of 
technology vs public regulation. As more industries depend 
upon communications networks, it becomes ever more 
important to find ways to ensure that efficient incentives to 
develop and deploy technology do not lead to monopolised 
production. Setting standards through collaborative, voluntary 
processes can help achieve this goal.

Conclusions
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