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Abstract

Patent pools combine patents to be licensed ougmuadsingle contract. This may increase
transparency, reduce transaction costs, avoid gostfringement litigation and reduce

royalty rates. For this reason, an increasing numbg patent pools have been created for
patents that are essential to technological staddat.ittle is known however on the effects of
patent pools on the incentives to file and declassential patents. We investigate how
patenting around technological standards and thenber of patents declared essential has
been affected by the increasing number of patewispsince 1997. Using data from a

comprehensive sample of ICT standards releasedeeetvt992 and 2009, we show that
periods around pool creation are characterized Rgeptionally high levels of patenting and

high declaration rates. In the case of standardeased after 1999, when the possibility of
pool creation was already established, patentinglkseprior to pool creation, and takes place
earlier than for comparable standards. These figdirare consistent with the theoretical
analysis of the effects of expected pool creatiopatenting incentives. In the case of earlier
standards, patenting peaks immediately after pae&twon, highlighting a reaction to the

exogenous policy change establishing a more pewsisgpproach towards pools. While this
evidence indicates a positive effect of patent pani the incentives to file and declare
essential patents, the overall effect of pools loa inflation of essential patents around

standards seems to have been limited.
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1. Introduction

Over the last ten years, the increasing numberaténts declared essential to technological
standards has attracted wide attention in the ac@déerature and among policy makers. A
patent is called essential for a standard whenecessarily infringed by any implementation
of the standard. Obtaining such a blocking poweeroa standard may increase the
commercial value of a patent for its holder (Rysmaad Simcoe, 2009, Bekkers et al., 2002).
Standardization thus generates additional incesitfee firms to file more patents (Layne-

Farrar, 2008, Bekkers et al., 2012), or to adjbstrtpatent files to ongoing standardization
(Berger et al., 2012). The increasing number ofemat around standardization thereby
evolves to become a challenge for standard devedopand implementation (Shapiro, 2001).

In order to deal with these challenges, standengliZirms have come up with
mechanisms to coordinate their strategies withaetsfp Intellectual Property Rights (IPRs).
Patent pools are the most important of these méstnan(Shapiro, 2001). Pools combine IPR
to be licensed under a single contract. This irsgedransparency, reduces coordination costs
and avoids costly infringement litigation. As log pools only include patents that are
complementary and necessary for implementing adatan they furthermore reduce royalty
rates for users of the standard by eliminating afastmultiple marginalization (Lerner &
Tirole, 2004). Based upon these arguments, patasis @re generally believed to increase
post economic efficiency, and antitrust guidelines hadepted a permissive policy stance
towards patent pools including only complementatepts.

The effect of patent pools on the incentives twirate is however subject to debate.
Simcoe (2005) argues that the spreading practicerdate patent pools for technological
standards is one of the driving factors of the easing number of essential patents. This
claim is supported both by the theoretical literatipredicting a positive effect of pools on
innovation incentives, as well as by practitioneparts (Peters, 2012) and case studies
evidencing the importance of opportunistic patempimview of patent pools (Nagaoka et al.,
2009, Baron and Delcamp, 2012). Recent empiresgarch (Lampe and Moser, 2012; Joshi
and Nerkar, 2011) however suggests that patent geaktion was followed by a decline in
related patenting. These findings however only desca decline in follow-on innovation,
once a number of existing patents were bundledanpool (theex postinnovation effects).
The effect of patent pools on the incentives t® fihtents to be included into this pool (&xe
anteinnovation effects) have so far not been subet thorough empirical analysis.



We will investigateex anteeffects of patent pools on innovation and evaluate
whether policy changes facilitating the creationnobre than 50 ICT patent pools have
increased incentives to file standard-essentiamat We collect data on 60,000 declarations
of essential patents to more than 700 ICT standahts will describe the growth in the
number of patent declarations over the past twgegrs, and discuss to what extent the
increasing number of patent pools is likely to hagetributed to this evolution.

We then analyze on the standard and firm leveltidrehe creation of the individual
patent pools can be related to unusual peaks ilete¢s of patent declaration and patent files.
We build up a comprehensive database of 7 milliatemqts that are technologically close to
declared essential patents, filed by over 150 comegacontributing proprietary technology to
the specific standard. We relate patenting andnpadeclarations to 700 standards and
technical specification and 28 patent pools. Weeeisily describe the baseline timing of
patenting and declaration with respect to the dgreknt of technology standards. We can
then analyze whether there is an unusual chantgesiextent of patenting before or after the
launch of patent pools. We distinguish between etgaeand unexpected patent pools using
the favorable business review of patent pools f#87 to 1999 as an exogenous policy
change. Firms investing in R&D related to standaeleased after this policy change were
able to integrate the new policy environment inrtle@pectations of the returns on essential
patents. We will analyze how the timing of pategtend patent declaration around pools
differs for pools created before and after polityarge. Furthermore, we describe how the
timing of patenting differs from standards relatec (foreseeable) patent pool with respect to
other standards which are otherwise comparabladiugubject to patent pools.

We find evidence for a positive effect of pateabls on patenting and the number of
patent declarations. The effect of patent poolsesddp upon whether the pool creation was
expected or came as a surprise to innovating fifRes. instance, the periods before pool
creation are characterized by high numbers of pdikss in the subsample of standards
released later than 1999. There is no such rekttipnin the sample of standards released
earlier then 2000. Furthermore, we find that congmentering a patent pool increase their
level of patenting with respect to companies conting to the same standard, but staying
outside the pool. The overall effect of patent pomh the number of essential patents seems
however to be limited. The recent surge in the nemab essential patents was mainly driven
by standards for which pools were not an option.



2. Review of thelLiterature

The theoretical literature on patent pools gengraldédicts a positive effect on the incentives
to invest in related R&D (Lerner and Tirole, 200¥oki and Schiff, 2007). Dequiedt and
Versaevel (2012) analyze the dynamic incentivesRi&D in view of a patent pool. In their
model, patent pools increase innovation incentivas] especially induce patent races
preceding the launch of the pool. Llanes and Tr€p@09) analyze the impact of patent pools
on follow up innovation. Patent pools efficientigduce the royalty stacking problem, thus
reducing the negative effect of patent protectinriadlow-up innovation.

Recent empirical advances however rather poist negative effect of patent pools
on innovation and patenting. In a study of the sgwnachine patent pool in the™6entury,
Lampe and Moser (2010) find that this pool had sitp@ effect on the number of subsequent
patent files by insiders and outsiders. Nevertlseléise authors show that the effect on
innovation is negative, as measured by indicatéreeal technical progress. There is thus
apparently evidence of an increased patent progyemgiich does not translate into an
increased innovation effort. In a more recent stafipatent pools in the 1930s, Lampe and
Moser (2012) find that most of these pools had gatiee effect on subsequent patenting in
the field. In the only existing study of the effectf contemporary ICT patent pools, Joshi and
Nerkar (2011) find that the creation of the DVD guatpools was followed by a decline in
patenting in related technical fields by pool lisers and licensees.

It is difficult to confront the empirical evidene@th empirical predictions from the
recent theoretical literature because of the hgtereity of research settings. The expected
effects depend upon whether the pools are allowekhdiude substitutable patents or not.
Evidence on historical patent pools is thus onlyainvery limited sense applicable to
contemporary patent pools.

The empirical papers measure the effects of papaals upon measures of
technological progress (Lampe and Moser, 2010pterging (Lampe and Moser, 2012; Joshi
and Nerkar, 2011), while the theoretical paperscally focus upon related R&D efforts
(Lerner and Tirole, 2004; Dequiedt and Versaewel,22 Llanes and Trento, 2009). Several of
the empirical papers use patents to indicate R&Drisfor innovation. The number of patents
however indicates innovation or R&D effort only @ndhe condition that the pool has no
effect on patent propensity and on the efficienEyR&D investment. Given the impact of
patent pools on the return structure of patentgjcpdarly the first assumption seems overly
strong. Layne-Farrar and Lerner (2011) for instahaghlight that holders of the most



valuable patents often refrain from joining patembols, because large numbers of
insignificant patents included in pools water dowe return on significant inventions.

Evidence on effects of patent pools on patent ghbuld therefore only cautiously be
interpreted as indicating an effect on innovation.

Furthermore, the empirical papers either meadweeetfects on patenting by pool
members and licensees (Joshi and Nerkar, 20119nall firms in the field (Lampe and
Moser, 2010, 2012). On theory side, some paperssfapon the incentives of potential pool
members (Lerner and Tirole, 2004; Dequiedt and &&rsl, 2012), others concentrate on
outside innovators using the technology licensedtimough the pool as input (Llanes and
Trento, 2009). While the comparison between poaintrers and outsiders is informative, it
would be mistaken to interpret changes in the éx¢érpatenting by members relative to
outsiders as a measure of the overall effect adrmgiools. Theoretical work clearly indicates
that pool outsiders’ innovation incentives are eftel by patent pools (Llanes and Trento,
2009). Aoki and Nagaoka (2004) even stress thak paisiders are the ones to benefit most
from pool creatiort. Furthermore, participation in a patent pool is agehous to various
factors that are likely to also have a direct iefiae on future R&D in the specific technology,
such as vertical integration or R&D capacities.

Finally, most theoretical models consider the @feof expected pool creation, and
even explicitly address effects on the level ofowetion preceding the pool creation
(Dequiedt and Versaevel, 2012). In contrast, allthed existing empirical work measures
effects of patent pools in the time period follogipatent pool creation. This research setting
requires that pool creation comes as a surpris teast some firms. While arguably some
pools have indeed been created in response toageraus policy change, it is implausible
that significant effects on the incentives to fiatents to be included into the pool can be
measured with data from periods after pool creatiodeed, contemporary ICT patent pools
are restricted to include patents that are esddotiprecisely defined standards which are
generally released several years before pool laulctempirical researcher interested in the
effects of contemporary patent pools on the ingestio file standard-essential patents needs
to take into account the periods preceding thestable creation of a patent pool, thereby
testing empirical predictions of models of ex agfiects of pools, such as Lerner and Tirole
(2004) and Dequiedt and Versaevel (2012).

% Lampe and Moser (2010) furthermore argue that potdiders reacted to the creation of a sewing inash
patent pool by increased strategic patenting irelotd counteract to the increased litigation cayaai pool
members.
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3. Descriptive Analysis

3.1 Patent declar ations and standards

The aim of our analysis is to assess whether pateois have contributed to the increasing
number of essential patents for technological stedsl In a first step, we identify the totality
of declaration$of essential patents made from 1992 to 2010 tomh@ formal standard
setting organizations (SSO) which operate on armational level: 1SO, IEC, JTC1 — a joint
committee of ISO and IEC — CEN/CENELEC, ITU-T, ITRJ-ETSI, and IEEE We identify
64,000 declarations of essential patents made Byampanies. Our measure is based upon a
count of declarations, and not a count of esseptétnts. The number of declarations is
higher than the number of patents, because weiraddade so-called blanket declarations (a
generic declaration that a company owns essenéisdngs without specifying the patent
number), and we count patents declared essentiavarious standards as multiple
declarations.

These declarations are related to more than 7@hdatds and technical
specifications. The PERINORfdatabase provides detailed bibliographic infororatbn
formal standards such as standard version updstasdard amendments, the number of

pages, the technical classification and the yeaelefse.

3.2 The policy change

While there have been many patent pools in veremiht technological areas until World
War Il (Lampe and Moser, 2012), stricter enforcetr@rcompetition law impeded any pool
creation from the end of World War Il until the 189(Gilbert, 2004). In 1997 and 1999, the
European and American antitrust authorities howemathorized a new model of patent
pooling for two important standardsincluding several important safeguards against an
competitive abuses. This major policy change sigguitly altered the expectations of

standardizing firms regarding the likelihood of sesful patent pool creation.

‘A patent declaration is a public statement by @matolder declaring that his patent is essertia specific
standard. These declarations are made publiclyadolaion the website of the SSO.

® These SSOs account for a large part of the es$eatients identified by Bekkers et al. (2011). Sheple is
however restricted to formal SSOs operating wittngarable rules on Intellectual Property Rightssthu
excluding important SSOs and consortia, such at&hE.

® PERINORM is the world’s biggest database with migtaphic information on formal standards and is
regularly updated by the SDOs DIN, BSI and AFNOR.

"MPEG2 and DVD, see the business review lettetp:/hMww.justice.gov/atr/public/busreview/2485.pdf,

http://www.justice.gov/atr/public/busreview/21574af.



Since this favorable business review, many otla¢eng pools including very similar
safeguards have been launched without meeting esigtance from antitrust authorities.
“The DOJ business review letters providgemplate for patent pooling arrangements that
should not run afoul of the antitrust laws. Thadet embody a new thinking in economics
and law andcontrast sharply with early judicial opinions about the legality patent pooling
arrangements.”(Gilbert, 2004) It is thus reasonable to assume that companiesingpdn a
standard after the issuance of the business relaters had different expectations of the
likelihood of pool creation than companies workmg a standard before this policy change.
These expectations in turn are likely to affectirtipatenting behavior. Simcoe (2005) notes
that the policy change with respect to patent pooldd be one of the explanatory factors of
the increasing number of patents declared esséantisdchnology standards.

3. 3 Patent pools and declar ations of essential patents 1992 to 2010

We will first use our comprehensive database tcriles the historical evolution of patent
pools and the rate of patent declarations ovep#st 18 years. The most immediate effect of
the policy change with respect to patent pools lmarseen from figure 1: the rate at which
new successful pool projects are created is steattiteasing. The increasing experience of
companies with pools, the emergence of companiesiazing in the administration of
patent pools, initiatives by SSOs and standardsartia encouraging pool creation as well as
the further clarification of the legal environmestntributed to an increasing ease of pool
creation.

Furthermore, we can compare the number of compdwaesg joined the patent pool during
the first four years after launch. We can see ameasing number of pools attracting a
relatively large number of members. Nowadays, cangsadeciding upon the level of R&D
investment for a future standard can integrateramegligible probability of successful pool

creation into their calculations of the expectadmeon essential patents.
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Figure 1 Pool creation and number of members after 4 years

In the following, we can use our declaration dasahanatched to individual standards, in
order to analyze whether the increasingly widesppactice of pooling patents has affected
the number of essential patents on new standands$, &ur own data confirms a remarkable
increase in the number of patent declarations Inéginat the end of the 1990s (figure 2).
These figures are however to a very large extamenrby declarations made to ETSI, and in
particular related to 3G mobile communication stadd (indeed, UMTS alone accounts for
11,000 declarations, 3GPP receives 15,000 dedasatind AMR-WB 1,500 declarations). It
can only be speculated to what extent the varittesngts to create a large patent pool on 3G
technology have fuelled this unprecedented levgdatént declaration. It seems that the role
of the (eventually failed) attempts to create inb@or 3G patent pools have not been decisive
for the huge number of essential patents on 3Gdatds. Several of the most important
holders of 3G patents have never aimed at joinipgtant pool. Furthermore, patenting in this
industry seems to be strongly driven by portfobeeas between litigious rivals and by the
presence of innovation specialists patenting aggrely, notably Qualcomm and InterDigital.

8 As to practitioners and experts in the telecommativn industry only 8-9% of the GSM standard esabn
patents are pooled. Attempts by Sisvel and Viarnsagg to form pools for LTE have yet not been sastud
even though there have been meetings to pool LT&nssince more than 2 years.
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Figure 2 Declarations per year (whole sample left graphjl&rations per year and per year of release
(excluding ETSI right graph)

Setting aside ETSI and the 3G mobile phone stasdavd focus the analysis on ISO, IEC,
ISO/IEC (JTC1), CENELEC, ITU and IEEE. These ar@ndard bodies that, even though
they account only for limited numbers of esserngetients (compared to ETSI and IETF), are
related to 24 out of the 48 pools in our databasdiding many of the most important ones.
Concentrating on these standards, we can stilhseacrease in the number of declarations at
the end of the 1990s (dark grey line in the rigtapdy of Figure 2). The graph also exhibits a
spike in the number of patent declarations in 1998ssibly, this spike includes several
declarations of essential patents made as an inabeedeaction to the contemporaneous
policy change. In order to analyze whether there &alasting change in the levels of
patenting related to new standards after this yeds, important to relate the number of
declarations to the year of standard release. Bypaning how many patent declarations
standards receive in the first four years afteeasé, we can see that standards issued after
1997 indeed include a higher number of essentisdnts, even though there is no obvious
trend, and the numbers are in decline since 2088t @rey line in the right graph of Figure 2)
We can go further in the analysis of these tremglsomparing different types of
standards in our sample. For instance, patent par@lsa solution tailored to single large
standards including many patents held by many rdiffeowners. In the following figure 3,
we can however see that the increasing number tehpadeclarations on new standards is

mainly driven by an increasing number of standardsiding patents.
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Figure 3 Number of declaring firms per standard and stadslarcluding essential patents released
per year (excluding ETSI), the percentage of IGhd&ards with essential IPR (right graph)

The right graph reveals that an increasing shateeottandards released by the SSOs in our
sample receive at least one declaration of essqrdtants. At the same time, the average
number of declaring firms per standard has decdeasger this period.

This finding could indicate that the increasingminer of patent declarations is
driven by many small standards, for which poolsrarereally an option. We thus concentrate
our analysis on standards including declarationsmmyre than 4 firms. Analyzing this
restricted sample, we find important numbers ofptideclarations on standards released
from 1997 to 2003, but no steady increase neithehe overall number of declarations on
such standards, nor in the average number of @giclas for each of these standards (figure
4).
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Figure 4 Number of patent declarations to standards reagigeclarations from more than 4 firms,
and average number of declarations for each oéthesdards (excluding ETSI)

The analysis of the trends in the number of patlmdiarations over the past twenty years

indicates that the increasing number of patentadatibns is on the one hand accountable to
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3G mobile communication standards and on the dihed to a high number of standards
including few essential patents. While this anaygiggests that patent pools have not been a
main driver of the recent increase in the numberssential patents on standards, the analysis
of the time trends does not allow concluding onefiect of patent pools on the incentives to
file and declare essential patents. Indeed, theeggte figures are affected not only by the
policy change with respect to patent pools, bub dg a strong variability in the rate of
technological progress, by other policy changes waspect to disclosure obligations and
reasonable royalty rates, and by a strong heteeitydmetween standards released in different
periods. In order to analyze the effect of patesdl® on declarations and patenting, we will
therefore proceed to an analysis on standard lamalyzing how patent pools affect the level
and timing of patenting and declarations for eamigany and standard.

4. Patent Pools and Dynamics of Patenting

4.1 Methodological Approach

We will next analyze how the rate of patenting aletlaring patents relevant for specific
standards is affected by patent pools. The patbatsare declared essential only constitute a
share of the patents filed in view of technologsandards. Indeed, very often rivaling firms
develop competing technological solutions for tame problem of a standard. If only one of
the proposed solutions is chosen for inclusion th standard, the patents protecting the
competing technologies are not essential patenes) though they have been filed as part of
the technological development of the standard.ortier to identify standard related patent
files, we use the 7-digit IPC classification of tteclared essential patents, and count the
number of patents filed per year in the resped®@ classes. We use all ICT patents filed at
the three major patent offices (USPTO, JPO and Eff@) 1992 to 2009 by the firms
declaring at least one essential patent for thpee standard, using the PatStat database
and the merging methods of Thoma et al. (2010)s Tinerging yields 7 million patents filed
by over 150 firms. To create our explained varigble computed for each company-standard
pair and year the number of priority patents filedhe relevant IPC classes for the standard

of observatior.

° We further conduct tests of the technological fimsiof standards as well as size measures to prateour
matching method reliably identifies standard-relafgtents. The method and the various tests haea be
presented at the Patent Statistics for DecisiondviaiConference 2011 at the USPTO.
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In a next step we identify 28 patent pools (inalgdfailed attempts to create a patent
pool) and match these pools to the standards irsample®. Matching pools with standards
is straightforward, as pool administrators cleatigplay the technological standards that are
covered by the patent pool license. The date afdaus defined as the date at which a patent
pool administrator publishes a call for patentgather holders of patents that are essential to
a technological standard (Baron and Delcamp, 20%2¢h a call, often made upon the
initiative of a group of patent holders wishingd®@ate a pool, seeks to identify and federate
the remaining patent holders and to steer negmtigton licensing provisions. The call for
patents thus indicates the time where the prosmegiool creation becomes common
knowledge. In the period preceding the call foreptd, several companies can already
negotiate on eventual pool creation, but at thagestthere is still uncertainty on whether a
patent pool will be launched. In addition to tharleh of the pool, we identify the dates at
which the companies joined the pools using inteanetiives and the history of news releases
of the pool administrators (Baron and Delcamp, 2012

We further create control variables such as alyemunt of all patent declarations
on formal standardSand a patent count of all patents per year inl®@ classes “G” and
“H 12, The latter two variables should account for tedbgy shocks in the technical field and
organizational changes in the SSOs. We also cofdrahformal industry alliances arising
around standardization. Consortia are matchedrtodbstandards using liaison statemé&hts
If an official liaison statement was not given, e@nducted a more detailed analysis in order
to identify the related standard. In total 21 diffiet informal consortia could be related to 63
formal standards including essential patents.

All information is given in longitudinal data ovd8 years. This broad database
allows testing the impact of patent pools on thember and timing of patenting controlling
for fixed effects of company-standard pairs, atitei in standardization and exogenous

technological shocks.

1 The list of pools, the date of pool launch andrtfech of relevant standards is provided in Apperidi

" We labeled each patent declared essential tostanHard as one declaration. For example a patefaration
for two patents declared essential to two diffeiandards is counted as four declarations. Empgpaalled
blanket patent statements - i.e. statements of hipe of essential IPR that do not provide patannibers -
were also counted as one declaration.

124G and “H” IPCs are technologies that can be canee to information and communication technologias.
our database of standard essential patents 95%opaftants are classified in in both or at least ofhthese IPC.

13 A liaison implies an accreditation and a coopeeasitandardization development between the formdl a
informal standards bodies.
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4.2 The counter factual

In order to analyze the effects of patent pools,need to compare the empirically observed
patenting and declaration rate with the counteufalatate that would have been observed for
the same standard, the same company and the samia yiee absence of a pool. The existing
empirical literature on patent pools compares éwvels observed after pool creation with the
levels before pool creation, or with the hypothatizalues which would be observed if these
rates had continued to follow a general trend puistiag to pool creation (Lampe and Moser,
2012), or if the patenting of pool members had eslin a manner similar to the patenting of
other firms (Lampe and Moser, 2012; Joshi and Negqal1).

We opt for a similar approach, especially tailotedthe analysis of patent pools
related to technological standards. The developmktiite essential technology for a standard
does not follow a general trend, nor do patentsfiémd patent declarations for different
standards increase or decrease at the same tiatberRwe will show that the patenting and
declaration rates follow an inverted U-shape oher development of the specific standard:
the number of patent files related to technolog&@indards increases up to the year of
standard release and eventually declines, whilenttmeber of declarations culminates three
years later. We will control for this baseline thgiof patenting and declaration with respect
to standardization by including a full set of startlage dummies. We furthermore control for
different levels of investment in different standawith company-standard pair fixed effects.

In order to accurately estimate the baseline tnfor standards related to patent
pools, we estimate the baseline timing only overghbsample of standards for which at least
some firms license out their patents through podlsis approach is warranted, if the
standards licensed out through patent pools suimtgndiffer from other standards. For
instance, we expect that patent pools are cont¢edtoa standards including many patents by
many different firms, and that the development bése standards is more complex.
Nevertheless, the estimated baseline timing iscoatpletely unaffected by the creation of
patent pools, even though different standards #iectad by pool creation at different
moments.

In a first robustness check, we thus estimatebtdweline timing over the whole
sample of standards including at least one declasséntial patent. This yields a baseline
timing which is unaffected by patent pools, but erhis more prone to heterogeneity among
standards. We therefore conduct a second robusthes& on a sample of standards which
are similar to standards licensed out through pbaked upon observable characteristics. As
can be seen in appendix 3, standards related t¢s mve updated more often and are
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significantly larger in terms of pages. These stadsl are much more often developed in
connection with informal consortia, and they reeedleclarations of essential patents from a
much higher number of firms. All these differencesflect the higher technological
complexity and more important commercial stakeolived in these standards. Using these
observable standard characteristics, we can canstucontrol sample of standards of
comparable technological complexity and commericgdortance (a detailed account of the
sampling method based upon a PSM analysis is prdvidappendix 4).

4.3 Patent declarations and standard dynamics

We wish to analyze how the pooling of patents aéfeélse rates at which companies file and
declare essential patents. Therefore we comparkevieéand timing of patenting and patent
declarations between standards related to a pagtent and standards licensed out
individually. We furthermore distinguish betweerarglards released before and after the
policy change with respect to patent pools.

As discussed, we have constructed two counts avfdard-related patents: patent
declarations and patent files in standard relelR@t classes. We first analyze the timing of
patenting and declaration with respect to standakelopment. Figure 5 compares the timing
of our two measures around a standard releaseahuardization, the release of the first
standard version represents an important event.fildtestandard version specifies the core
technological components that determine immineahddrdization. Even though standards
are regularly updated and may consequently progresseir technological scope beyond

release, the first version often specifies a tezdirirajectory for ongoing development phases.
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Figure5 Patent files and Patent Declaration as to poahtim

The figure reveals the typical timing of patentimgd patent declarations along the
development of a technological standard. Most pateme filed during the four years
preceding the first standard release, when thentdopical basis of the standard is under
development. Most declarations are made after itisé $tandard release. Furthermore the
count of patent declarations is rather volatile had a steeper peak around standard release
compared to patent files. The graphical analysmashthat the patent count variable also
measures some early R&D activities prior to stadidation.

We next compare if firms’ patent declaration tighgtiffers when patents are pooled or
not. In figure 6 we plot the mean patent declaraper firm over standard age. Both graphs
show a peak of declaration around the year of stahcklease. This underlines our argument
that the first version contains a major part ofstendard’s technology components. However,
the figure also illustrates that standards relategools exhibit an unusually high level of
declarations in later periods. In comparison, statsl without pools experience an almost

steady decrease of patent declarations after eeleas
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Figure 6 Patent declaration as to standardization timinmatents are pooled or not

In order to analyze whether the unusual peak idadmtons well after standardization is
related to pool creation, we turn to a panel datysis. The unit of observation is a one year
time span for each standard. We control for stahdiaed effects, the baseline timing of
declaration along standard development, for exogentechnology shocks and for
standardization events (such as modifications leases of new versions). We can then test
whether the creation of a patent pool is relate@rootherwise unexplained high level of
patent declarations by introducing dummies for twa+ periods around pool creation. We

thus estimate the following poisson regression:

nsy = exp(a;PCsy+z + @;iPCsy1 + @iiPCsy—1 + ayPCsy_3 + 0S5 + 6Ts + 1S5y + {Tsy
+ &y)
Wherengy is the number of declarations per standard per, Y@yy,3 to PCsy_3 are dummy
variables for the timing with respect to pool cieatSs andTs are time-invariant standard and
technology characteristicSg  andTs y are time variant standard and technology chariatitay, and

¢ is an idiosyncratic error term. In the fixed effepecificationSs andTsare replaced by a standard

fixed effect.

The full regression results can be consulted ireagix 2. The following figure 7 plots the
estimated coefficients for the periods around poektion. We can see that these periods
exhibit significantly positive coefficients. Thetesated coefficients are at the highest for the
periods immediately preceding pool creation; anghificantly decrease thereafter. This
finding could indicate that preparations for pomation trigger unusually high levels of the

declaration rate well after standard release (idgedent pools are usually launched several
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years after standard release). Alternatively, tld@lso indicate that patent pool creation is a

reaction to periods of an unusual intensity of patkeclarations.
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Figure 7 Coefficients on timing with respect to pool lautich

4.4 Patent pools and the timing of patenting

In a next step, we plot the evolution of our coohtstandard related patent files per firm
standard pair over standard age. The timing of npiag refers to the date of patent
publication. Again the two graphs in figure 8 ilitege that the timing of patenting differs
when patent pools exist. Compared to the bell shal&ribution of patent files around the
release of standards without pools, we observe@@ease of patenting several years after the
first release when the standard is related to d. godeed most patent pools are formed
several years after standard release. However,ave to be cautious in interpreting these
shifts of patenting or patent declaration. On tihe dand, we could argue that patent pool
formation increases incentives to invest in R&Rxdmg to a peak in patent files that deviates
from the normal timing of patenting around standdedelopment. On the other hand, we
could argue that patent pools are particularly farfor standards that are subject to ongoing

technology development beyond standard release.

1 wxx, %%, and+ imply significance at the 99%, 95%, and 90% leélsonfidence, respectively
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Figure 8 Patent files as to standardization timing if p&teare pooled or not

Once again, we analyze whether the unusually laghl lof late patenting on standards related
to patent pools can be connected to the timingoal preation. We therefore graph patent
files per company over time with respect to po@ation. We distinguish between pools for

standards released before and after 1999.
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Figure9 Patent files as to pool timing, standards releasdédre and after 1999

Figure 9 illustrates patent files per firm as tapbtming for standards released before and
after 1999. The graph for standards released 4889 does not show clear evidence for a
specific timing of patenting as to the creatiorpatent pools. We have discussed earlier that
the business review of antitrust authorities endaréegal certainty in periods after 1999. We
have argued that for standards released afterdttis, the possibility of an eventual pool
creation can be taken into account by the compawinge investing in standard related R&D
during the standard development phase. In compariso standards released before 1999,
there is a strong peak in patent files well afteg tnitial launch of a patent pool. These
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differences support our approach to distinguishivbeh pools created for standards released
before and after policy change. However, differemcéhe timing of patenting around pool
creation between earlier and later standards caldd be due to changes in the general
dynamics of standardization, rather than the effe€ta policy change on the expectations of
pool creation. We therefore carry through a furtaealysis where we include a group of

comparable control standards to account for gemdanges in standard dynamics.

4.5 Patent pools and time shifts

We apply an additional analysis in order to exantiveeffects of expected pool creation. As
we want to analyze the effect of a prospective pawhch on the overall timing of standard-
related patenting, we need a counterfactual grdugtamdards that are closely comparable
with the analyzed standards in terms of technolgiomplexity and commercial relevance,
but are not licensed through a patent pool. Asudised, we have built up a control group of
standards similar to standards related to poolsdapon observable characteristics. These
characteristics for instance account for the teldgical complexity and commercial stakes
involved in the different standards (see appendix 4letails).

We then compare the timing of patenting arounddsied development between the
different groups of standards. We estimate the rurobstandard-related patent files by firm
standard pair and year, controlling for fixed ef§e@ersistent effects of transitory shocks,
standard age dummies, and events affecting thelathrand exogenous factors in the field.
We test for the time-shifting effect of patent pobly including a linear standard age variable,
which we interact with the dummy variable indicatihat the standard is related to a pool. As
in the previous analysis, we estimate this effegasately for standards issued before and
after the policy shocR (results can be consulted in the appendix 5).

We estimate coefficients on the whole sample fi@®82 to 2009. In order to avoid
truncation of the observation period, we include & standards only observations for the
four years preceding and the four years followmgtandard release and restrict the sample to
standards issued from 1995 to 2005 (results anestdb estimating the model over the full
sample and the full observation period). We finalt fhatent pools for standards released after

the policy change are connected with patentinghtakilace earlier in the standard life-time.

15 As we are now interested in effects of patent pool R&D investment made early in the standardtilife,
we decided to divide the sample at a later dateirfstance, we cannot expect that the policy chdirega 1997
to 1999 led to an earlier start of R&D investmeantgtandards released in 2000. We somehow arbjtcdrose
the release date of 2002 as a separating linayithin reasonable bounds the results are not semsd the
precise date separating the samples.

18



We further conduct test of statistical differenéasperiods before and after the policy shock.
The results reveal significant differences, engutimt the time shift of patenting is specific
to later standards.

4.6 Anticipation and reaction to pool creation

In order to confirm these descriptive findings, agply econometric analysis to control for
heterogeneity and isolate the pool timing effece Wge our panel of firm standard pairs over
the timespan of 1992-2009. Thus we are able to mae of the baseline timing of
standardization while testing for specific effeateund the time when a pool is launched. All
firms are observed over the whole period of tim@ldwing our discussion of the importance
of expectations, we distinguish between standaigsased before and after the policy change.
We interact the pool dummies with a variable intiiga whether the standard was released

before or after 1999. We test the following speaition:

st patents; ;= exp ( ay st patents;j;_1 + By before pool activejipy_3/4 *
years later 1999 ; + B, before pool activej; py_1/; *
years later 1999 ; + B3 after pool activej; pp41/2
years later 1999 ; + B, after pool activej; p;43/4
years later 1999 ; + B5 before pool activej; py_3/4 *
years earlier 2000 ; + B¢ before pool activeji py 1/, *
years earlier 2000 ; + B; after pool active;; py 412
years earlier 2000 ; + Bg after pool activej; py 434
years earlier 2000 ; + B9 CT patent count.+ By
standard activity;;_q1+ ¢, + € )

Where we count st patents;; filed by firm j that are relevant to standard j per year t,
before pool activej; p;,3,4 €quals one 3 to 4 years before the pool launch PL for standard
Jinyeart, before pool activej; p;_, €quals one 1 to 2 years before the pool launch PL for
standardj in year t, after pool activej; p 41/, equals one 1 to 2 years after the pool launch
PL for standard jin year t, af ter pool activej; p;.3,4 €quals one 3 to 4 years after the pool
launch PL for standard jin year t, years later 1999 ; is a dummy variable that equals one if
a standard j is released later than 1999, years earlier 2000 ; is a dummy variable that
equals one if a standard j is released earlier then 2000, CT patent count, denotes all
worldwide ICT patent files for each year t, standard activity;;,_, denotes version releases
and amendments to standard j in year t-1, c¢; are year dummies and ¢ is an idiosyncratic
error term.

We restrict our standard firm pair panel to stadddor which a pool has been created at

some time, and further control for unobserved lgfeneity using fixed effects. Thus we rely
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on a sample of standards that is subject to a ca@bfgpattern. Rather than accounting for
pre-existing trends or supposing linear evolutions, include a full set of standard age
dummies to control for the bell shaped baselinéepatof patenting around standardization
observed in the descriptive analysis. We furthesgrantrol for particular events affecting the
standard in question (including variables for staddupgrades) and for technological shocks
in the wider technological field (including the oa# number of ICT patents files in the
categories G and H per year). We furthermore coritnopersistent effects including the
lagged dependent variable as control variable. \We a poisson estimator with robust
standard errors, and furthermore cluster standaodseby firms (clustering standard errors by
standards instead does not alter the results).okiela M1a-M1c we sequentially include our
control variables of standard updates and laggezhpéles to ensure independency from our
main explanatory variables. In M2 we only use osgons of member companies and thus
reduce our sample from 242 to 93 group observatiomsvi3 we also include variables
accounting for the timing of pool member entranteis is due to the possibility that firms
which are prospective pool members might react ath,lthe time when the pool is created
and the time when they actually join the pool. ibdels show robust results for our main
explanatory variables.

The results corroborate our methodology to distisiy between standards released
before and after the policy change with respecpdtent pools. Indeed, the link between
patent pools and patenting is very different in the different samples. For standards
released earlier than 2000, we can observe thatrdaion of a patent pool is immediately
followed by an unusually high level of patentingnig group of standards has been released at
a time when the prospect of pool creation was sélly uncertain. Pool creation became
common practice after 1999, when these standards abeady released. In comparison, we
do not evidence any significant reaction to theattiom of patent pools in the sample of
standards issued later than 1999. However, oultsasdicate an anticipatory effect. Periods
up to 4 years before pool launch have a signifiqamsitive effect for observations of

contemporary pools later than 1999.
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DV= patent_files Mla M1b Mlc M2 M3

Coef. Coef. Coef.
Variable Coef. (S.E.) (S.E) (S.E) Coef. (S.E.) (S.E)
3-4y. before pool 0.122%** 0.151 %+ 0.149*** 0.162** 0.145%**
launch (later 1999) (0.027) (0.028) (0.027) (0.028) (0.033)
1-2 y. before pool 0.122%** 0.136*** 0.127** 0.114** 0.152%**
launch (later 1999) (0.035) (0.029) (0.031) (0.045) (0.037)
1-2 y. after pool launch -0.006 0.043 0.027 0.122* 0.050
(later 1999) (0.045) (0.036) (0.04) (0.066) (0.035)
3-4 y. after pool launch -0.074* -0.076* -0.071* 0.039 -0.056
(later 1999) (0.044) (0.04) (0.0412) (0.064) (0.04)
3-4 y. before pool 0.071 0.078 0.090 0.024 0.188***
launch (earlier 2000)  (0.066) (0.062) (0.064) (0.064) (0.056)
1-2 y. before pool 0.032 0.075 0.091 0.04 0.129*
launch (earlier 2000)  (0.083) (0.062) (0.063) (0.068) (0.068)
1-2 y. after pool launch 0.350*** 0.330*** 0.340*** 0.468*** 0.268***
(earlier 2000) (0.128) (0.12) (0.116) (0.109) (0.085)
3-4 y. after pool launch 0.159 -0.023 -0.019 0.055 -0.065*
(earlier 2000) (0.108) (0.056) (0.056) (0.085) (0.037)
patent files in 0.011%* 0.010%** 0.010%** 0.011%* 0.010%**
G and H! (0.002) (0.002) (0.002) (0.002) (0.002)
Lagl patent 0.076*** 0.075*** 0.071%* 0.077***
files (0.012) (0.012) (0.012) (0.008)
Lag 1 standard -0.022* -0.048*** -0.018
upgrade (0.013) (0.016) (0.013)
1-4 y. before pool entry 0.067
(earlier 2000) (0.047)
1-4 y. before pool entry -0.065
(later 1999) (0.06)
1-2 y. after pool entry 0.175**
(earlier 2000) (0.071)
3-4y. after pool entry 0.232**
(earlier 2000) (0.113)
1-2 y. after pool entry -0.102*
(later 1999) (0.059)
3-4 y. after pool entry -0.028
(later 1999) (0.057)
Standard Year
Dummies Included Included Included Included Included
Observation 3,928 3,928 3,928 1,473 3,928
Groups 247 247 247 93 247
Log likelihood -476,922 -446,830 -445,701 -190,429 -438,846

Note: All models are estimated using the conditidix@d-effects poisson estimator with robust
clustered standard errors (reported in parenthesgtsndard errors are robust to arbitrary
heteroskedacity and allow for serial correlatiorotlyh clustering by firmssx*, x,and* imply
significance at the 99%, 95%, and 90% levels ofidence, respectivelyCoefficient multiplied

by 1,000 to make effects visible.

Firms that declare patents to standards where bwilhde created may react to two events:

first, the launch of the patent pool and seconel tithing of joining the pool as a full member.

In the last model we therefore also include thengrof joining a patent pool. In comparison

to M1-M3 our last model differentiates the timin§two effects. The effects of the pool

creation remain unchanged. In the timing of joinengool firms show no reaction in periods

before or after joining for periods later than 1949 comparison, firms active in pools for

standards released before 1999 show an incrempoglive reaction immediately after
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joining the pool. This effect last for up to 4 yeaHowever, for the latter sample of firm-
standard pairs, the positive effect of pool creai® still slightly stronger compared to the
effect of actually joining the pool.

4.7 Robustness

In our first models (M1-M3), we compared the observate of patenting with the baseline
evolution of patenting over standard age estimaedusively for standards which are
licensed through patent pools. This makes surevileatvork with a sample of comparable
standards and reduces heterogeneity. However, diimated baseline timing of patenting
with respect to standard development is not ungdteby patent pools. In a first robustness
check, we thus compare the timing of patentingstandards related to pools with the timing
around standards where pools do not exists. Weftirer make use of our whole sample of
standards where at least one patent has been etbaasential, consisting in 1,704 firm
standard pairs. We estimate our third model (Mi®y the expanded sample (M4-1).

As discussed, standards where patent pools efist &iom other standards in technological
characteristics and in the characteristics of thetrdouting firms. We gradually reduce our
sample to better account for these differencesadaunt for differences in contributing
firms, we identify firms which are technologicalteuders with respect to other firms also
contributing to the same standard. Indeed, firmg hwve a different patenting timing when
they specialize on different technologies relevantthe standard. In order to limit this firm
specific heterogeneity, we measure the technolbditfarence between the essential patents
declared by different firms using the overlap ofCIRlasses. In model M4-2, firms are
dropped if their technological focus differs strfnfyjom the average focus of other firms.
Another source of heterogeneity between firms &t tihifferent firms can be differently
affected by specific technology or business cydlas. sample covers 18 years during which
markets and technology have changed in a volatdanar, with many technology-intensive
firms disappearing during the internet crisis amgvractors appearing. In order to obtain a
sample of firms with a comparable overall evolutia@ identify positive or negative shocks
to the number of employees of firms (M4-3). We abeedifferences in one year periods,
indicating mergers, acquisitions, restructuring. étadhis shock takes place after 2000, all
observations after the shock are dropped for this if the shock takes place earlier, we drop
all previous observations. Firms with more than sineck are dropped altogether.
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DV= patent_files M4-1 M4-2 M4-3 M4-4 M4-5

Coef. Coef. Coef. Coef. Coef.
Variable (S.E) (S.E) (S.E) (S.E) (S.E)
3-4 y. before pool 0.177*** 0.177** 0.159* 0.057 0.166***
launch (later 1999) (0.064) (0.084) (0.096) (0.05) (0.045)
1-2 y. before pool 0.220*** 0.209*** 0.197** 0.116* 0.095**
launch (later 1999) (0.061) (0.076) (0.092) (0.065) (0.046)
1-2 y. after pool launch  0.071 0.037 0.043 0.069 0.027
(later 1999) (0.052) (0.061) (0.078) (0.074) (0.041)
3-4 y. after pool launch  -0.186 -0.244** -0.233* -0.006 -0.061
(later 1999) (0.127) (0.119) (0.123) (0.087) (0.041)
3-4 y. before pool -0.115** -0.084 -0.043 0.035 0.199***
launch (earlier 2000) (0.055) (0.079) (0.067) (0.077) (0.069)
1-2 y. before pool -0.112* -0.047 -0.009 0.026 0.133
launch (earlier 2000) (0.067) (0.089) (0.085) (0.1) (0.081)
1-2 y. after pool launch  0.347* 0.428** 0.446*** 0.452%** 0.413%**
(earlier 2000) (0.184) (0.185) (0.172) (0.148) (0.103)
3-4 y. after pool launch  -0.014 0.025 0.103 0.106* 0.098
(earlier 2000) (0.055) (0.074) (0.102) (0.063) (0.104)
patent files 0.009*** 0.009*** 0.008*** 0.004*** 0.008***
in G and H* (0.001) (0.001) (0.001) (0.001) (0.001)
Lag 1 standard -0.020 -0.031** -0.028** -0.042*** -0.033**
upgrade (0.013) (0.015) (0.011) (0.01) (0.013)
Lagl patent 0.007*** 0.006*** 0.004*** 0.007*** 0.005***
files (0.001) (0.001) (0.001) (0.001) (0.001)
Standard Age Dummy 0.001 0.001 0.002* 0.005*** 0.003*
earlier 2000 (0.001) (0.002) (0.001) (0.002) (0.001)
Sample None Tech Employee PSM Pool
restrictions outsider shock Exists
Standard Year
Dummies Included Included Included Included Included
Observation 27,147 19,560 13,197 6,675 2,521
Groups 1,704 1,227 972 482 171
Log likelihood? - 25,596 -13,682 -7,310 -2,185 -288

Note: All models are estimated using the conditidixaed-effects poisson estimator with
robust clustered standard errors (reported in plaesas). Standard errors are robust to
arbitrary heteroskedacity and allow for serial etation through clustering by firmsx,

«x andx* imply significance at the 99%, 95%, and 90% lewélsonfidence, respectively.
Coefficient multiplied by 1,000 to make effectsibis. ? values in thousand.

Heterogeneity among standards is also an imposamtce of concern. We therefore make
use of our database of comparable control standéndssampling method is discussed in
appendix 4). As to our sampling method, we exclfida standard pairs that were not

matched and estimate another model (M4-4). In astrrhodel we again restrict our sample to
standards where pools exists, retaining the réisinig with respect to technical outsiders and
employee shocks. All models show robust resultdfith the anticipation effect before pool

launch for standards released later than 1999 tlamghrompt reaction in periods after pool

launch for standards released before 2000.
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4.8 Discussion

We have highlighted unusually high levels of patgtlaration and patenting around the time

when a patent pool is launched. For instance, we bhown that standards related to a patent
pool exhibit a peak in patent declarations weleafstandard release. The rate of patent
declaration is especially high in the two yearscpdeng pool launch. When changing our

level of analysis to the firm standard level, wevédndurthermore shown that there is an

unusually high level of standard related pateniimthe periods around pool creation. In the

case of standards released after the policy chartbeespect to patent pools, patenting takes
place before pool creation, whereas in the castanidards released before the policy change,
the unusually high level of patenting takes platéhe periods immediately after the creation

of a pool. Furthermore, companies increase theiellef standard-related patenting after

joining the pool. As compared with other standaess]y standards related to a patent pool
are characterized by a peak in patenting occusegral years after standard release. Later
standards related to patent pools do not exhihisual peaks of late patenting and overall

patenting takes place in earlier periods than tmdards not related to a pool or for standards
before the policy shock related to a pool.

In principle, finding a correlation between poaleation and periods of strong
patenting and high rates of patent declaratiorotsnecessarily evidence for a causal effect of
patent pools. As patent pools are conceived aisaliid the problems of large numbers of
complementary patents, it is plausible that perioflsinusually strong patenting or high
declaration rates lead to launches of patent podiss argumentation does however not
explain why the creation of patent pools for staddaeleased before the policy change is
followed by an increase in patenting. In the cabéhese standards, pool creation can be
considered as an unexpected response to a reyatixegjenous policy change. While several
companies initiated the project to create a podbree1997, the favorable business review
revealed new information on a more permissive gatance. The direct increase in patenting
as a reaction to pool creation, especially but erdy by pool members, can therefore be
interpreted as an immediate reaction to newly redemformation. The distinction between
standards released before and after the policy geham indeed a crucial condition for
interpreting our findings as evidence of causa@f of patent pools.

We have argued that the favorable business regfguatent pools in 1997 and 1999
created a template for viable pool licensing scher@®mpanies investing in R&D related to
standards released after this policy change c@ld the creation of a possible patent pool
into account. Due to the benefits of patent poals Holders of essential patents, the
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prospective creation of a patent pool is expeatedduce companies to increase their efforts
to obtain essential patents (Lerner and Tirole,420%0ki and Schiff, 2008). Dequiedt and
Versaevel (2012) expect that this induced effekesaplace before the pool is actually
created, and culminates in the periods immedigtedceding the launch of the pool. This
expectation is based upon the assumption that {phatdders would prefer being among the
founding members of a pool, rather than havingegatiate entry with incumbent members.
This assumption finds empirical support in Barord delcamp (2012). Based upon this
hypothesis, Dequiedt and Versaevel (2012) alsoigreéldat expected patent pool creation
induces companies to overall anticipate their ibmest in related R&D. Our empirical
findings are thus fully consistent with the predins of the theoretical literature on the effects
of prospective pool creation on ex-ante incentteesvest in related R&D and patenting.

It should however be stressed that our findingslianited by the fact that we do not
directly observe firms’ expectations with respextfiiture pool creation. We only observe
actual pool creation on some standards, and assheheat least some firms expected pool
creation for these standards with a higher likedghéhan for other standards released at the
same time. In future work, it should be analyzedetbr our findings are robust if we
explicitly model expectations as a function of olable standard characteristics in

conjunction with learning about the conditions $accessful pool creation.

5. Conclusion

In this article, we have analyzed whether the repehcy change with respect to patent pools
has contributed to the increasing number of detitars of essential patents in ICT
standardization. Indeed, we show that the poliange has altered expectations concerning
the creation of a patent pool. We provide evidetingg patent declaration as well as firm
individual patenting show unusually high levelsward the launch of a standard-related pool.
There is an important difference between standaettsased before and after the policy
change. While patenting is especially high befdre pool is launched for the most recent
standards, we find a direct effect right after po@ation for standards released before 1999.
These findings indicate that companies were less @banticipate pool formation before
1999, when patent pools were still subject to legatertainty. Today, patent pools are
commonly accepted by antitrust authorities and reg\a&iccessful pools set an example for
well-functioning mechanisms for pooling patentsrnts are thus able to include the

possibility of a pool formation in their expectatsoof future returns on patents.

25



Our findings overall support the argument thaepapools have a positive effect on
patenting. However, our analysis on the increasumgber of patent declarations points out
that patent pools have contributed very little lcs tincrease. Most patent declarations are
declared to standards that do not qualify for pappatents. Still, policy makers should take
into account that firms’ incentives to patent magrge due to a pool creation.

However, our analytical framework does not allos to conclude whether this
incremental patenting reflects an increase in suiisil innovation or opportunistic patenting.
The theoretical proposition that an increase indkpected value of patents leads to more
R&D investment rests upon the assumption that firasnot easily adapt their patent
propensity. Given the importance of strategic pignin the field of ICT standards, we
would not be confident to interpret increases ia ttumber of patents as evidence of an
increase in substantial innovation. Further emairicesearch using outside measures of
technological progress is required to analyzedhgsstion.

Furthermore, our research has pointed out thalvemion measures need to take into
account the role of expectations. We have madedbke that in order to analyze substantial
effects on innovation, researchers should focusiupe R&D investment incurred preceding
expected or at least foreseeable patent pool orea®ur information on expectations
concerning pool creation is however limited to taicy change. A challenge for future
research is to better measure firms’ expectati@mcarning pool creation, which may also
depend upon pool experiences, market constellatibcensing strategies and implicit or

explicit agreements between firms.
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Appendix

Appendix 1 Patent Pools Standard Match and Timing

Pool Pool Launch License Available | Standard

mp3 1992 1992 ISO/IEC11172-3
ISO/IEC13818-1/ITU-

MPEG2 1997 during 1997 TH.220.0

DAB 1998 1998 ETS300401

G.729 1998 July 1999 G.729

G723.1 2000 from 2000 G.723.1

IEEE1394 2000 2000 IEEE1394
ISO 13818-7 (MPEG2

MPEG2AAC 2000 2000 AAC)

DVB-T 2001 during 2001 EN300744

MPEGAUDIO 2001 2001 ISO/IEC11172-3

MPEG4Audio 2002 2002 ISO/IEC14496-3

MPEG4Visual 2002 2002-11-25 ISO/IEC14496-2

MPEG4Systems 2003 2003-2-4 ISO/IEC 14496.1

AMR 2004 2004-2-24 AMR

AMR-WB+ 2004 2004-10-4 AMR-WB+
ISO/IEC14496-

AVC 2004 2004-7-15 10/ITUH.264
ETSIES 201 980 V1.2.2
(2003-4); ETSI TS 101
968 V1.1.1 (2003-04);

DRM 2005 2005-3-28 IEC 62272-1 Ed. 1
IEEE802.11/ISOIEC8802

IEEE802.11 2005 2005-4-14 11

UHFRFID 2005 2005 ISO/IEC18000-6

DVB-MHP 2006 2006-3-2 ETSI ...
ISO/IEC13818-1/ITU-

MPEG2Systems 2006 2006-4-16 TH.220.0

OCAP 2006 2007-6-5 .

NFC 2007 2007-6-5 ISO/IEC18092

VC1 2007 2007-3-14 .

G729.1 2008 2009-1-12 G.729.1

AGORA-C 2009 2009-8-5 ISO 17572-3

AMR-WB/G.722.2 2009 30Q 2009 G.722.2
CDMA Family:
CDMA2000 1X,
CDMAZ2000 1xEV-DO
and Ultra Mobile

CDMA-2000 2009 2009-6-10 Broadband (“UMB”)

G711.1 2009 beginning 2009 G.711.1
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Appendix 2 Timing of patent declaration as to pool launch

DV = patent declaration

Vaiable Coef. (S.E)
3-4 y. before pool launch 1.230*** (0.290)
1-2 y. before pool launch 1.245*** (0.276)
1-2 y. after pool launch 0.598** (0.300)
3-4 y. after pool launch 0.611** (0.293)
5-6 y. after pool launch 0.278 (0.332)
Version Release 0.090*** (0.140)
Amendment 0.220*** (0.042)
Standard Age 0.161*** (0.008)
Standard Age Squdre -0.007** (0.001)
Standard Year Dummies included
Observation 8,730
Groups 485

Log likelihood -5,805

Notes All models are estimated using the conditionaddix
effects poisson estimator, standard errors (regante
parentheses}xx, xx,andx imply significance at the 99%, 95%,
and 90% levels of confidence, respectivéGpefficient
multiplied by 100 to make effects visible.
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Appendix 3 T-Test analysis t-tests of explanatory variablestaypdard with and without

patent pools

Standard Updates

Group Obs Mean Std. Err. Std. Dev. [95% Conf. hafjr

St. without Pool 567 0.360 0.057 1.361 0.248 0.472

St. with Pool 17 3.647 0.818 3.372 1.914 5.381

t= -9.1848 Pr(|T| > |t|) = 0.0000

Number Pages

Group Obs Mean Std. Err. Std. Dev. [95% Conf.riva§

St. without Pool 567 89.280 7.504 178.681 74.541  04.a19

St. with Pool 17 159.882 37.181 153.301 81.061 .ABB

t= -1.6111 Pr(|T| > |t|) = 0.1077

Accompanying Standards Consortia

Group Obs Mean Std. Err. Std. Dev. [95% Conf. hafr

St. without Pool 568 0.132 0.022 0.526 0.089 0.175

St. with Pool 17 1.941 0.466 1.919 0.954 2.928

t=-12.0743 Pr(|T| > |t]) = 0.0000

Declaring Companies

Group Obs Mean Std. Err. Std. Dev. [95 %ConfIntBrva

St. without Pool 568 7.273 0.652 15.527 45.99 B8.55

St. with Pool 17 55.882 18.521 76.366 16.61 95.146

t= -9.9426 Pr(|T| > |t|) = 0.0000

NPE on Standard Dummy

Group Obs Mean Std. Err. Std. Dev. [95% Conf. hafjr

St. without Pool 568 0.276 0.019 0.448 0.240 0.313

St. with Pool 17 0.824 0.095 0.393 0.621 1.026
= -4.9816 Pr(|T| > |t|) = 0.0000

NPE Share (for Standardswith NPESs)

Group Obs Mean Std. Err. Std. Dev. [95% Conf. hafjr

St. without Pool 157 0.296 0.019 .235 .259 0.334

St. with Pool 14 0.147 0.021 .077 .102 0.191

t= 2.3571 Pr(|T| > |t|) = 0.0196

Gini Coefficient of Essential Patent Dispersion

Group Obs Mean Std. Err. Std. Dev. [95% Conf. hafjr

St. without Pool 511 0.175 0.010 0.228 0.155 0.195

St. with Pool 17 0.267 0.048 0.199 0.165 0.369

t= -1.6484 Pr(|T| > |t|) = 0.0999
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Appendix 4 PSM Sampling for comparable standards

Our goal is to identify a comparable sample of déads that are licened individually to match
it with partly pooled licensed standards. Propgnsdore matching (PSM) is a widely used
approach to estimate causal treatment effects. Wiefore apply a logit based propensity
score matching algorithm to identify a common suppegion for both samples. In a first step
we search for variables that explain the occurregaool formation. It is important to only
use variables that are unaffected by the treatrfiéetkman et al., 1999). We therfore only
employ variables that are measured before pool ddom. In particular we only estimate
variables until two years after standard releasenture a uniform measure among standards.
In the literature it is argued that choosing to yn&ariables might excaberate the support
problem (Bryson et al., 2002). When including namsicant variables to explain the
treatment, the propensity score estimates willb@biased but increase in their variance. As
to Heckman et al. (1998) we therfore include alplaratory variables in our estimation and
only keep variables when they are statisticallynfigant and when they increase the
prediction rates. Proceeding that way we dismiasd#rd characteristics such as the number
of pages, the number of declaring companies, thebeu of essential patents and the gini
coefficient of patent distribution. All of thesenables did not significantly explain a pool
formation and did not increase our prediction ressuh comparison we found significant
results for the occurrence of NPEs on standards,etlistance of collaborating standards

consortia and the number of standards updates @bl

DV= Pool Exists Coef.  (SE) z
Standard Updates 0.099* (0.055) 1.81
Standard Consortia 0.259** (0.114) 2.28
NPE Share -4.188* (2.257) -1.86
Constant -0.882 (0.444) -1.99
Observations 102
Pseudo R 0.3038
Log likelihood -27.091

Table 4 Probit Regression

As to our t-test results more than 82% of the sias&l where we find a patent pool have at
least one NPE that has declared essential pateritabsame standard. We believe this to be
an objective restriction to identify a comparabdenple of standards. As discussed earlier,
NPEs are an indicator of licensing profits fromezggl patents. Our PSM estimation is thus
restricted to standards where at least one NPEscessential patents and where the release

of the standard has at least been three yearsTabte 4 shows that standards with consortia,
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with more updates but a lower NPE share explainfah@ation of pools. The latter results
shows that the occurrence of NPEs is positivieyneoted while a higher share is negativly
connected. Our former conducted t-test proved thesdts.

Figure 10 shows results of our PSM graph of teedstrandards with pools) and
untreated (individually licensed standards) goyye. apply the nearest neighbor matching
method where we identify matching partners of gdatnd untreated standards. We use a
matching with replacement, where we allow matclangintreated standard observation more
than once. This method is especially efficient wivenhave very different propensity scores
as evidence in figure 10. Matching high with lowlues would result in bad matches. We
overcome this problem by allowing replacement wharh the other hand increases the

variance of the estimator (Smith and Todd, 2005).

T T T T T T T T

0 A 2 3 4 5 6 7 .8 9
Propensity Score
I- Untreated | Treated

Figure 10 psm matching results

We also apply a maximum propensity score distamediper) but our neighbor matches
remain the same. We conduct a sample statisticafiést our propensity score matching.
Table 5 shows that there is no remaining signitichffierences between characteristics of the

standards in the two samples.

Mean % bias % reduct t-test

Variable Sample Treated Control bias t p>t
Standard Unmatched 4.384 1.303 101 3.68 0.000
Updates Matched 4.384 7.230 -93.3 7.6 -1.59 0.124
Standard Unmatched 2.231 0.404 113.5 5.03 0.000
Consortia | Matched 2.231 1.231 62.1 45.2 1.23 0.230
NPE Unmatched 0.139 0.271 -85.3 -2.28 0.025
Share Matched 0.139 0.127 7.4 91.4 0.47 0.642

Table5 Sample statistics, matched and unmatched samples
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Appendix 5 Time shift analysis

DV= patent files M5 M5-1 M5-2
Variable Coef. (S.E.) Coef. (S.E.)) Coef. (S.E))
standard age before 2002 -0.009*** 0.004* 0.005**
(0.001) (0.002) (0.002)
standard age * pool exists before -0.001*** -0.001 -0.001
2002 (0.001) (0.001) (0.001)
standard age after 2002 -0.006***  -0.006*** -0.005***
(0.001) (0.001) (0.001)
standard age* pool exists after 2002 -0.004***  -0.003* -0.003*
(0.001) (0.002) (0.002)
patent files inGand H 1 0.0171%** 0.002 0.001
(0.001) (0.001) (0.001)
Lag 1 standard Upgrade -0.016 -0.006 -0.002
(0.01) (0.008) (0.005)
Lagl patent Files 0.001** 0.002*** 0.001***
(0.001) (0.001) (0.001)
Standard Year Dummies Included Included Included
Added Restriction No restrictions 4 years bef. & M5
standard time and years aft. standard restriction +
release 1995-2005
Observation 10,228 4,232 3,259
Groups 640 640 466
Log likelihood -9,044,428 -2,107,350 -1,688,240

Note: All models are estimated using the conditidixad-effects poisson estimator
with robust clustered standard errors (reportguhientheses). Standard errors are
robust to arbitrary heteroskedacity and allow feiad correlation through clustering
by firm. =*x, *% and* imply significance at the 99%, 95%, and 90% lewadls
confidence, respectivelyCoefficient multiplied by 1,000 to make effectsible.
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