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Overview

Our Aim

Our aim is to show how setting open technology standards
through voluntary participation in Standards Development
Organisations results in innovative and competitive
industries, to the benefits of the wider economy.

We do this mainly through case studies of the contrasting
experiences of three industries (see opposite).

This presentation summarises our main findings from those
case studies and evidence from various academic and
institutional studies.

Wireless telephony

Open standards: SDOs as the “gatekeepers”
today but it was not always so

PC operating systems

Usually proprietary standards,
single firm as the “gatekeeper”

Television broadcasting

Government as the “gatekeeper”
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Our main propositions

Standards create

« Competitive markets: driving low prices and rapid productivity growth
« Innovation, because of multiple sources of R&D and competitive R&D markets

The way in which standards are set determines whether we reap the full benefits

* Collaborative, voluntary standards development is more efficient than government-promoted
standards or proprietary standards

To secure these benefits, we need “markets for technology”

* Requires a balance: innovators and implementers both need incentives to participate

* However, this requires a balance so that both innovators and implementers
have incentives to participate
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Standards underpin some of the biggest
and most dynamic industries in the world

Standards underpin some of the biggest and most dynamic industries in the world.

Key US macroeconomic indicators, by industry

Mobile telephony Television broadcasting Operating systems

Size

(2014, USD billions) 245.1 79.6 543.8

Size growth . . )

(1990-2014, CAGR) Az 2.1% 8.0%

Employment — S 00

(2014, thousand jobs) : : ,200.

Standards Wireless protocols and many Regional standards (Analogue: Proprietary and open-source
others decided through SDOs  PAL, NTSC, SECAM; Digital: operating systems

ATSC, DVB, ISDB, DTMB)

Notes: “Size” refers to the US domestic industry output in billion 2014 dollars. “Size growth” is the compound average growth rate of domestic industry output from 1990 to 2014, using chain weighted (2009)
dollars.“Employment” is measured by the number of jobs in thousands. Data series used for “Mobile telephony” is “Wireless telecommunications carriers (except satellite)” with NAICS code 5172; for “Television
broadcasting” is “Radio and television broadcasting” with NAICS code 5151, and for “Operating systems” are “Software publishers” with NAICS code 5112 and “Computer systems design and related services”
with NAICS code 5415.

Source: Bureau of Labor Statistics, Office of Occupational Statistics and Employment Projections. “Monthly Labor Review” published on December 2015.
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For example, mobile telephony has
significant macroeconomic effects

Mobile telephony is a rapidly growing sector with voluntary, open standards which has seen a rapid
improvement in the quality of services offered. High quality voice and data services enable greater
productivity in the wider economy.

In 2015, mobile telephony and associated industries generated:

Increasing mobile Increasing 3G

penetration by 10%

4.2%
of global GDP

penetration by 10%

Increases annual average GDP growth Was estimated to increase annual
GDP per capita growth by 0.15

by up to 0.65 percentage points percentage points

Source: Qiang (2009); Deloitte and GSMA (2012); Sridhar and Source: Deloitte and GSMA (2012).
Sridhar (2008); Waverman et al. (2005); and Lee et al (2012).

17 million
jobs

Increasing the share of employees with

mobile phones by 1 percentage point

$430 billion Increases labour productivity Increases the level of investment
In taxes by 0.9% in the wider economy

Source: Bertschek and Niebel (2016). Source: Paleologos and Polemis (2013).
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Heavy investment yielding rapid growth...

The increased investment in the sector has led to rapid growth in the number of mobile connections,

which in turn, has made mobile telephony a more attractive sector for investment.

Telecoms investment and mobile connections in OECD countries, 1980-2013

300

250

200

150

100

Investment, 2015 USD billions

50

1980
1981

1982
1983
1984
1985

1986

Investment

~N~ O O ©O @ — o M < W O I~
w O W OO OO D O O D D D
oG o) OO OO o o) O OO O Oy O
— = = = = = = = @ — @ —

Mobile connections in terms of access paths (right axis)

Mobile

1998
1999
2000
2001

Connections

2002
2003
2004
2005
2006

Investment (left axis)

2007
2008
2009
2010

2011

2012

2013

1.6

1.4

1.2

1.0

0.8

0.6

0.4

0.2

Mobile connections (access paths), billions

Source: Adapted by CL from OECD chart “Trends in telecommunication revenue, investment and access paths”, available at: <http://lwww.oecd.org/internet/broadband/oecdkeyictindicators.htm>.
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Mobiles, smartphones, tv and computers
all show rapid adoption — as expected
for standard-reliant products

The adoption of mobile telephony, especially smart phones, is much quicker than other technology-
based industries. Econometric study by Egyedi and Ortt (2010) of 50 cases of radical innovations since
1850 found that pre-existing standards very significantly reduced adoption times.

US Technology adoption rates — Years from availability to maturity

Tablet
Smart phone 1
Internet |
Mobile phone D
Computer - Il
Television - I
Radio _ ]
Electricity Il
Telephone o ————
0 10 20 30 40 50 60 70 80 90

Number of years from consumer availability to 10%, 40% and 75% penetration

10% penetration I 40% penetration B 75% penetration

Source: Adapted by CL from DeGusta (2012).
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B The average SEP-reliant industry
experienced an 88% quality-adjusted
price reduction from 1997 to 2013

Other industries using integrated
circuits that are not SEP-reliant
experienced far smaller improvements

This indicates that the decline in
prices is not just Moore’s law in action.
Open standard-setting enables
innovation and competition to
maximise the benefits from
technological change

Total change in prices, 1997-2013

Faster productivity growth
INn standard-reliant markets

Quality-adjusted price reduction in microprocessors, standard-reliant products and other
“Moore’s Law” products, 1997-2013

100 %
90 %
80 %
70 %
60 %
50 %
40 %
30 %
20 %
10 %

0%

Notes: The ‘average SEP industry’ includes PCs, telecommunications, TVs, video, photographic and audio equipment.
Source: Producer price index for microprocessors: Federal Reserve Economic Data (PCU33441333441312). All other prices: Galetovic et al. (2015), Figure 3.

Not reliant on standards

Microprocessors

Average SEP industry
Watches

Coin-operated amusement
machines

Microprocessors IC-industries

Standards reliant

20.35 %

circuits and motors

Test equipment for electrical
and radio and communication
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Standards create ecosystems in manufacturing,
open standards also create ecosystems in R&D

closed standards standards
Firms integrated in the R&D, The standard is proprietary Different organisations develop
technology development/ to the firm that developed technologies and contribute
standardisation and the technology to standards
implementation (hardware
manufacturing) stages Implementers chose between Implementers take part in the
standards but have limited, standards development process
if any, control in the standards and may licence the technologies
development process in the standard from the respective

developers or patent holders

Multiple innovators,

Risky or impossible for Implementers can invest, Lo
: : . . contributing technology to
implementers to invest, but face ‘opportunism’ risk. :
: . - open standard, implementers
little competition No upstream competition

can invest with confidence

COMPASS LEXECON 14
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Competitive hardware markets across all three
industries...

Hardware markets for all three industries studied in this section have competitive market structures,
with low concentration.

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

Mobile phone manufacturers 608 36%
LCD TV manufacturers 828 43%
Computer manufacturers 1578 61%

Source: IDC Worldwide Quarterly Mobile Phone Tracker; Statista chart <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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...but diverse R&D sector only with open standards

However, only mobile telephony, which has open standards, has a diverse R&D sector in which smaller
innovators can compete to contribute to the standard.

Diversity of the global upstream ecosystem (Top 5 firms’ combined market share)

Industry Product

Multiple contributors of technology and becoming more diverse.
Mobile telephony Top 5 share of patents in standards in:
2G: 69% 3G:58% 4G: 48%

Operating systems Windows and Apple — all R&D carried out by sponsor

TV Top 5 share of patents in standards in:
ATSC: 98% DVB-T2: 83%

Notes: TV - We use patent families to avoid double counting innovations registered in multiple countries. ATSC patent list does not include patent family information; therefore, we use each patent owner’s largest
number of registrations in a country instead (since the same innovation is not registered multiple times in the same country). This proxy might underestimate the true number of patent families if the patent owner
registered different innovations in different countries. Nonetheless, our argument about limited diversity in the R&D market holds: There are only nine patent owners for ATSC, seven for DVB-T2 and ten for ISDB-
T, compared to numerous manufacturers implementing the standards. Although we know the list of contributors to ISDB-T, we do not have complete information on the number of patents contributed by each of

them. Hence, ISDB-T is not included above.

Source: Mobile telephony - Padilla and Llobet (2017); TV - ATSC patent families: MPEGLA (http://www.mpegla.com/main/programs/ATSC/Pages/PatentList.aspx); DVB-T2 patent families: Sisvel
(http://www.sisvel.com/images/documents/DVB-T2/Patents.pdf); ISDB-T patent families: ARIB (http://www.arib.or.jp/english/html/overview/doc/6-STD-B31v2_2-E1.pdf)
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Today’s mobile telephony industry:
diversity in manufacturing and R&D in standard

A similar pattern of dynamism and entry and exit can be seen in the evolution of mobile handset sales
but, unlike PC operating systems, the upstream R&D activity is open to diverse technology providers.

Downstream competition Upstream diversity

Handset manufacturers’ global market shares, 1995-2016 R&D - shares of SEPs in standards
o 950%
E 159% ov?rlf:: No. and (%) No. and (%) No. and (%) of
S ing of 2G SEPs of 3G SEPs 4G SEPs
S 40% Motorola SMIES
IS
= 3% Top 2 1,208 (42%) 2,188 (30%) 2,424 (23%)
g 30%
5 Wk Top 5 1,951 (69%) 4,197 (58%) 5,125 (48%)
@ 20%
G 15% Sony Ericsson Top 10 2,385 (84%) 5,616 (78%) 7,664 (72%)
[b]
g 10% Siemens

5% Top 20 2,648 (93%) 6,524 (90%) 9,708 (91%)

0%

Top 40 2,802 (99%) 7,088 (98%) 10,476 (99%)
~— Huawei == OPPO - /TE —— VIV Xiaomi Notes: Sony Ericsson data also includes sales of Ericsson (1995-2001) and Sony (2012-2016).
— IR — : e Smaller manufacturers, mostly new entrants in the last decade, are not in this graph for clarity
Alcatel Bl?CkBerry L?novo itel HTC of presentation; see Figure 12 in the Compass Lexecon Report for further details.
Coolpad Micromax Gionee

Sources: Handset manufacturers: 1995-2003 sales are from Strategy Analytics and 2004-2016
sales are from IDC Worldwide Quarterly Mobile Phone Tracker. R&D: Padilla and Llobet (2016).

COMPASS LEXECON 17




COMPASS LEXECON




Innovation

Standardisation drives innovation

B Through more competitive product markets

B By solving the hold-up problem, increasing
innovator confidence; and

B By enabling multiple, specialised R&D business
to emerge, particularly if intellectual property
rights are protected and transferable

COMPASS LEXECON
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Data speed improvements
have created new industries

The rapid increase in data speeds has led to an increase in the number of alternative services that can
be accessed through mobile devices.

Mobile money services world-wide Number of apps by
and data speeds, 2004-2014 app store 2008-2016
350 300 7
=]
§ 300 250 6
& > =
D
s 250 S o s 5
@ 200 Ez =
= = 3 E
. o= 4
§ AR Number of live mobile money E ‘é é
o services worldwide 150 > § \g ,
© 150 "é = c 3 .
5 28 = '
= 100 € E Apple »
> 100 — = 2 App Store
.-E
= 50
50 1 Google
Play Store
0 - 0 0 4+— 2
< o o ™~ [ce] (op] o . N o <t [c] (op] o ~N o =3 Lo [d=)
S &8 & &8 &8 &8 &8 & & & =8 S 8§ 8 2 8 8 8 R 8§
I 3G - left axis Bl 4G - left axis - obile money services — right axis

Notes: Second chart is cumulative, e.g., 2016 number of apps are approximately 600 thousand for Amazon, 2 million for Apple and 2 5 million for Google.
Sources: Data speeds: Gupta (2015), Figure 2. Mobile Money Services: GSMA (2015). Number of apps by app store: Statista <https://www.statista.com/statistics/307330/number-of-available-apps-in-the-amazon-
appstore/>, <https://www.statista.com/statistics/263795/number-of-available-apps-in-the-apple-app-store/>, <https://www.statista.com/statistics/266210/number-of-available-applications-in-the-google-play-store/ >.
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PC productivity shows a similar pattern —
prices falling, performance rising —
facilitated by O/S standards

) APaB T 5

For products related to the PC O/S-related industry, prices have fallen rapidly while productivity has
increased, albeit not as quickly as in mobile telecoms.

PC market quality-adjusted prices, US 1990-2016

180

160

Finished Goods Less Foods and Energy
120

—

=100;

=100

S

100 Software Publishers

Index, E. Computers and finished goods Dec 1990
Software publishers Dec 1997

40
Electronic Computers
o - N (a0 <t o «© ~ [} (op] o = N () << o [do) ~ [e] [op] o o o~ o < Lo w
[op] (@3] [op] [op] [op] (op] [op] [op] [op] [op} o o o o o o o o o o — = o~ - o -— —
[op] [op] [=p] [=p] [op] (op] [op] [op} [op] (op] o o o o o o o o o o o o o o o o o
-— -— -— -— -— -— -— — — { N N o~N o~N N [9N] ~N N ~N N ~N N N N N ~N ~N

Sources: Federal Reserve Economic Data (PPl by Commodity for Machinery and Equipment: Electronic Computers WPU1151; PPI by Industry: Software Publishers PCU511210511210; and PPI by Commaodity
for Final Demand: Finished Goods Less Foods and Energy WPUFD4131).
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Detailed study of effects of openness of O/S:
handheld computers

Standards that are more open (to be used by
producers of complementary products) will
create more innovation than closed systems.

Heldheld computers

Boudreau (2008, 2011) studied the market for
handheld computers and found that:

B allowing independent hardware producers to use
the operating system as a standard was
associated with a five-fold increase in the
introduction of new products

5x increase in

Opening hardware market product innovation

B opening the platform itself had a beneficial effect
also resulted in faster innovation, albeit the effect
was much less than opening up to the production
of complementary hardware

+20% increase
in development rates

Opening O/S control

Source: Boudreau (2008, 2011).
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Markets for technology
create and diffuse innovation

B Semiconductor manufacture in ‘fabs’ subject to Percentage of design-only ‘fabless’
massive economies of scale: USD1bn to build firms in Hall and Ziedonis (2001)
a fab, so there are few fabs semiconductor firms study sample,
1979-1995

B If each innovator could only make money from its
design by making and selling chips, there would 10%
be few innovators

B The Semiconductor Chip Protection Act ("SCPA") o~
1984 provided clarity on intellectual property 30% ‘fabless’ firms
rights (IPR) for chip design, led to the rise of
‘fabless’ designers

35%

25%

B Fabless firms more profitable, more intangible 20%
asset value than vertically-integrated. The change

. . . . . 15%
continues: chipless firms sell software to design chips

B Ability to transfer IPR created a market for technology e
5%

0% -

Source: Adapted by CL from Hall and Ziedonis (2001).
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Markets for technology:

Not new, but transforming R&D

R&D Expenditures, USD (current) billions !

350
Most of R&D expenditure growth
300 outside top 200 firms
n B
o2 250
28 Published Data
B 3 20
25
S e 150
S 2
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50
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2007
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US Industrial R&D carried out by small firms 2

20% Increasing share of small firms
18% | <500 employess in R&D
16%
14%
12%
10%

8%

6%

4%

2%

0%
= N M S0 O
00 00 CO 00 O O
[e2RerNerRorNopNepiop)

carried out by small firms

Proportion of US Industrial R&D

Concentration of patent ownership in the ICT sector 3

= 2000

% 1800 Decreasing concentration of

S 1600 patent ownership in ICT sector

2 1400

o

S 1200

S 1000

A 800

8 600

S 400

T 200

T 0
w (o) o N <t @O (o] o o~ < @ (o] o o~ < «©
~ ~ [ce] e [co] co [ee] D (ep] D [op] D o o o o
(op] (op) (op] (@p) (op] (op] (op] (op] (op) (op] (op] (op] o o o o
-~ — — — Lad Ll — - — L — — ~N ~N ~N ~N

e All patents e Topquartile == Top quintile

Following the pattern we have seen in mobile
telephony 2G> 3G >4G

B Decreasing concentration in research
B Rapid innovation

B More ‘pure R&D’ outfits

Sources:

1. Adapted by CL from Foster et al. (2016), Figure 3

2. NSF Surveys of Industrial Research and Development, available at
<https://www.nsf.gov/statistics/ srvyindustry/#tabs-2>

3. Ozcan and Greenstein (2013), Figure 5.
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Some effects of proprietary standards

Single firm (or group) acting as ‘gatekeeper’ unconstrained by FRAND commitments

Weaker innovation in the standard itself

B A monopolist has to replace itself, e.g. AT&T
reluctance to push cellphone technology

Fragmentation of standards, uncertainty
for investors, harming innovation

B Note poor innovation record of closed proprietary
standards in PDA/Handheld

Standards war, potential inefficient choice of technology

B AM stereo, despite having several potential advantages
over the FM system, didn’t attract any investment from
radio stations who cited “market confusion” as a reason
not to broadcast in stereo

Scope for opportunistic behaviour can deter investors
In complements

B E.g. IBM accused of exploiting BIOS knowledge 1980s,
Intel accused of refusing to provide information on
upcoming products to rivals 1990s, Microsoft knowledge
of APIs

B Wi-fi won standards war against RF Home, in part
because RF distrusted as Intel proprietary standard

COMPASS LEXECON
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Wintel Is semi-open, creating more competition
and innovation than Apple’s ‘walled garden’

Slower adoption of innovation No competitive effect on prices
B Apple PowerPC introduced new chips less frequently B Apple PowerPC did not decline in price significantly
than ‘Wintel’ rivals over product cycle (because it was not facing new,

_ higher-performance competitors)
B and therefore much less frequently than the Wintel

platform as a whole

Adoption of Intel CPUs Price Declines over Product Cycle
0%

-5%

~

-10%

-15%

Toshiba .

Age (Months)

N W B~ o1 O

-20%

-25%

Change in Price from First Month

\
e

-30%

-35%
2 3 4 5 6

Months on Market

Oct-2006
Jun-2007

==== Hewlett Packard = = =Toshiba — Apple —— Apple ===- Hewlett-Packard o= A]|PCs ——— Sony =~ = Toshiba

Source: Adapted by CL from Copeland and Shapiro (2010), Figure 3 and Figure 4.
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2G GSM: Technology oners refused

‘frand’ licensing, fragmenting markets,

restricting competition

Manufacturers agreed to serve the suppliers and operators

on fair, reasonable and non-discriminatory conditions

Motorola chose not to accept this declaration

Several Japanese companies, Matra (France), Dancall

(Denmark) were unsuccessful in obtaining licence

Source: Bekkers, Duysters and Verspagen (2002), pages 20-23.
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Domestic bias in mobile phone subscriptions and sales, 1990s

Subscribers connected to Phone sales by a
domestic firm for

the standard

Standard

infrastructure belonging to a
domestic firm for the standard

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).

Motorola, US and worldwide share of mobile phones sold
(1994 and 1998)

US

0% 60%
53 Worldwide
55 40% 15% Us
£ 34%
22 v Worldwide
58 ’ 24%

0%

1994 1998

Notes: Worldwide market share in 1995 substituted for 1994.
Source: US: Crockett (1998); Worldwide: IDC Worldwide Quarterly Mobile Phone Tracker.
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Government as the gatekeeper —
Setting standards as a last resort

De facto However the standards policy:

Emergence of a ‘de facto’ standard without B may rely on less optimal choices
co-ordination may be slow and result in
proprietary monopoly — some co-ordination
is often needed.

B may not reflecting commercial reality

e.g. in 1950 FCC initially chose CBS colour TV

Government has an important role in many system over RCA, ignoring backward compatibility
standard-setting processes and may be the with B&W ‘installed base’. 200 units sold. FCC

- reversed its decision in 1953, by which time there
gqslglrglfgﬁr able to impose a standard as a were 23 million B&W sets in the US

B may consider domestic policy interests heavily

e.g. analogue TV in Europe, digital TV in Latin America

COMPASS LEXECON 31




Analogue TV: Regional standards having
the effect similar to trade restrictions

NTSC developed as US analogue TV colour standard. Rejected in Europe as France promoted SECAM
(mocked as “Supreme Effort Contre Amerique”) against the German PAL (mocked as “Provocation Allemande”).

‘Gaullovision’ or ‘Television Analogue colour television standards
from the Atlantic to the Urals’ around the world

B SECAM M PALor PAL/SECAM ENTSC ¥ /)'
No information available

B Average price of a television in France 1967 Source: Adapted by CL from Angulo et al. (2011)
was 80% higher than average price in Germany

“The prices of production in Germany are lower by 25% to 30% than the prices of production for the same materials
in France. Under these conditions, if Germany and France adopt the same system, the French industry will be in
direct competition without contingent protection or customs with West German industry”

Source: French Government Archives, as quoted in Fickers (2002).
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globally — often reflecting domestic
policy Interests

National choices of digital television standards are heavily influenced by trade organizations, political
cooperation goals and policy interests rather than technical differences or the interests of consumers.

Digital colour television standards around the world

NAFTA countries all adopted
the American ATSC standard

Latin America was divided
between the American ATSC,
European DVB, and the
Japanese ISDB

Brazil chose an
incompatible version of the
Japanese ISDB to promote
local production,
successfully persuaded
many other Latin American
countries to adopt it

W 1SDB-T

W ATSC

Il DVBT/DVBT2

B pTvB No information available

Source: Adapted from the DVB map available at <https.//www.dvb.org/resources/public/images/site/dvb-t2_map.pdf>

Europe, which was strictly
divided into two camps in the
analogue age, came together

in the digital technologies

thanks to the EU

Japan created its
own ISDB standard

China emerged as a
new player in the digital
television standards

COMPASS LEXECON
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SDOS are diverse and dynamic organizations

Number of SDOs by sector, 2015

Electronics I NN 100
Telecom NN 9
Multi-Industries EGEG_—T o/
Healthand Medical NN -
Clean Tech and Renewable Energy | N EESEENNNN /0
Manufacturing | N RN 35
Power and Smart Grid I N 30
Consumer Electronics and Content NN 27
Automotive N 73
Digital and Distance Learning | EEEEE 27
Bio IT and Life Sciences NN 19
Construction M 14
Defence HE 10
Aeronautics 1l 8
Real Estate M 5

Notes: Based on a sample of 548 SDOs.
Source: Adapted by CL from Delimatsis (2015), Table 16.2.

Companies vary in their participation in SDOs

1998 2003 2008 2013
IBM 10 39 57 55

NEC 9 30 57 67
Intel Corporation 7 31 51 52
HP 9 38 53 47
Hitachi Ltd 10 30 42 63
Fujitsu Limited 8 31 50 76
Motorola 11 30 39 40
Samsung 9 27 43 50
Microsoft 8 30 45 46
Nokia 7 26 49 39

Source: Adapted by CL from Baron and Spulber (2015), Table 6.

B SDOs generally are large organization and they vary in size:
median SDO 114 members, five largest greater than 1000

Participation in existing SDOs fluctuates over time
SDOs are characterised by a great variety of voting rights
SDOs play different roles in different sectors, and range from

ones that are organized formally by governments, through quasi
formal groups to smaller, privately organized consortia

COMPASS LEXECON
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Incentives to innovate and participate

Incentives

Firms have incentives to have their patents included in
SDOs, and to produce valuable patents as these tend
to be selected.

B Patent value is influenced by its inclusion as an
essential patent in a standard

SDO patents are cited far
more frequently than a set

of control patents
More valuable patents

are also more likely to
be included in standards

SDO patents receive
citations for a much
longer period of time

Notes: Rysman and Simcoe (2008).

Participation

Participation in SDOs increases the value of the
participating firms.

B The value of having a patent included in a standard can
be quite high as this may enable a steady stream of
licensing revenue in future years

Innovation

SDO’s generate innovation. This effect is strongest
when SDOs are organized through, or accompanied
by, more informal consortia.

B Formal SDOs are perceived to be slow and
bureaucratic, e.g., the development of the 3G
standard took almost a decade

B Informal consortia around SDOs might mitigate
this delay

Participation in consortia

4-8% increase in patenting
per dollar spent on R&D

2% increase in R&D
expenditure

Notes: Branstetter and Sakakibara (1998).
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Mobile telephony with proprietary standards

Reality R&D Implementers
Voluntary, open Diverse R&D sector with Voluntary ‘open’ A large number of firms take

standards in a large number of firms standard advantage of open standards,

mobile telephony contributing to the standard investing with confidence

Implementers

Coun.terfacwal R&D : Some firms may be kept out
Proprietary Ownership of standard creates One or more proprietary by the standard owner,
standards less diverse R&D sector SEIREEE possibly leading to

in mobile telephony downstream monopolisation

If mobile telephony indicators had similar trends to comparable indicators with proprietary standards

Technology Firms in handset

Firms involved

Prices Quality

manufacturing

in R&D

adoption

Prices could be 1.8x 4G data speeds could

Handful of firms : Achieving 75% Concentration,
instead of 80 firms higher on average, i enetration in the US measured by HHI
developing 4G e slower, i.e. 250 MBps I:)could have taken 7 could be tw»ilce as’
technoFI)o ?es . $862 compared to compared to 300 cars longer 4 high 5
g $283 in 2016 2 MBps in 2014 3 Y & g

Source: Compass Lexecon analysis. (1) Based on comparison with PC O/Ss. (2) Price of mobile telephony from 1997-2016 (TIA) compared to equivalent scenarios generated using the comparison of Apple PC prices and All PC
prices over a six month period; PDA prices from 1999-2004 from Chewlos et al (2004); and the BEA PPI (Producer Price Index, which accounts for changes in productivity) for electronic computers from 1991-2017.(3) Based on

Boudreau(2010). (4) Based on a comparison of mobile telephony adoption rates and computer adoption rates (Felton, 2012). (5) Based on a comparison of HHI for mobile telephone equipment manufacturing and for PC
manufacturing.
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Mobile telephony with
government-mandated standards

L
Reality With government-mandated standards
ElElEEL cqmpatlple B Manufacturers, network owners and
standards in mobile telephony governments in each industrial region

agree incompatible standards and
hamper licensing of ‘foreign’ producers
in core markets

Counterfactual
Government-mandated
standards in mobile telephony

B Regional standards act as trade
barriers, fragmenting the global industry,
reducing innovation and competition

If mobile telephony indicators had similar trends to comparable indicators with government-mandated standards

Firms involved

Prices Quality Technology Firms in handset

adoption manufacturing

in R&D

A handful of firms Prices could be 2.3x 4G Data speeds could

which control hlgher on average, be 27% slower. i.e. Penetration rates Reglor\al mar.kets',
national or regional i.e. between S56- 2920 MBos compared may have been the local ‘champions
g $1219 compared to P b same or quicker 3 in each *

standards ! to 300 MBps in 2014 3

$283in 2016 2

Source: Compass Lexecon analysis. (1) Based on comparison with Digital TV standards. (2) Price of mobile telephony from 1997-2016 (TIA) compared to equivalent scenarios generated using change in price of mobile telephony
equipment from 1991-7997 Average TIA price index; Fisher MM Gartner price index; measure of ‘quality-adjusted’ prices for the 1991-2007 period based on Galetovic et al (2015); and the BEA PPI (Producer Price Index, which
accounts for changes in productivity) for radio/TV communications equipment manufacturing (2003-2017) in the US. (3) Based on a comparison of quality adjusted prices from Galetovic et al (2015) and the average TIA price for
1991-1997 ; (4) Based on a comparison of mobile telephony adoption rates and TV adoption rates (Felton, 2012). (5) Based on a comparison of HHI for mobile telephone equipment manufacturing and LCD TV manufacturing.

COMPASS LEXECON 39




