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reflect or represent the views of Charles River Associates or any of the organizations with 
which the authors are affiliated. Any opinion expressed herein shall not amount to any form 
of guarantee that the authors or Charles River Associates has determined or predicted future 
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and no responsibility for damages, if any, suffered by any party as a result of decisions made, 
or not made, or actions taken, or not taken, based on this paper. Detailed information about 
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1. Introduction 
Standard Essential Patents (SEPs) cover technology that is necessary to comply with a 
standard. For the 5G standard, and many other standards, patent owners voluntarily disclose 
patents that they consider to be essential. However, standard development organizations 
(SDOs) do not scrutinize these declarations to determine whether the patents that have been 
declared essential are actually essential.1   

The number of SEPs owned by a licensor is important because larger portfolios tend to 
command larger royalties.2 Patent owners thus have an incentive to over-declare,3 and it is 
widely accepted that many declared essential patents are not, in fact, essential.4 The court in 
Unwired Planet acknowledged this problem, stating: “Very many more patents are declared to 
be essential than in fact are essential. . . . [I]t must also be recognized that the fact that rates 
are negotiated by counting patents creates a perverse incentive to declare as many patents as 
possible, making over-declaration worse.”5 

Several publicly available studies have examined patents that have been declared essential to 
the 5G standard and reached determinations about the share of all declared essential patents 
that are truly essential. In this article, we offer a critical review of these studies. We first 

 

  Dr. John Hayes is a vice president at CRA who has provided expert economic testimony in US federal and state courts 
and to the US House of Representatives on behalf of private clients and public agencies, including the US Federal 
Trade Commission. 

 Dr. Assaf Zimring is an Associate Principal at CRA who has contributed to economic analyses of IPR issues, 
including SEPs and FRAND royalty rates. 
Benjamin Ladabaum is an Associate at CRA who has assisted in the preparation of expert reports relating to royalty 
rates applied to telecommunications standards. 

1  See, for example, https://www.etsi.org/intellectual-property-rights. 

2  The number of SEPs owned by each licensor is one factor that may be relevant to determining royalties in cross-
license negotiations, where it is used to compare portfolio size, as well as in court proceedings, where it is used to 
determine the share of the total stack of royalties that should be apportioned to a given portfolio in what is known as 
the “top-down” method. See, e.g., TCL v. Ericsson, Amended Memorandum of Findings of Fact and Conclusions of 
Law, March 9, 2018. p.14. Other factors that may be relevant to royalties include whether the patents are valid and 
enforceable and the importance of the patented technologies to the products that are alleged to use them. 

3  Another factor that contributes to the incentive to over-declare is that SDOs usually require SEP holders to declare all 
patents that might be essential to a standard. Failure to declare an essential patent could cause the SEP holder to lose 
the ability to enforce the patent. 

4   Lemley and Simcoe (2019) find that declared SEPs are less likely to be infringed than a matched set of otherwise 
comparable patents that are not SEPs. Mark Lemley and Timothy Simcoe, “How Essential Are Standard-Essential 
Patents?,” Cornell Law Review, Vol. 104, 2019, pp. 607–642 at 608. 

5  Judgment, Unwired Planet International Ltd vs. Huawei Technologies Co. Ltd and Huawei Technologies (UK) Co. Ltd, 
High Court of Justice Chancery Division Patents Court, HP-2014-000005, May 4, 2017, ¶¶ 201-202. 

https://www.etsi.org/intellectual-property-rights
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document the remarkable extent of disagreement between them, and then review 
methodological differences and other potential explanations for their divergent conclusions.6 

2. Results  
We reviewed fifteen studies published by six entities for this article, all published between 
January 2020 and June 2022. These studies are listed in Table 1. We use the most recently 
available results from each entity in the analyses reported below. 

 
6  Bekkers et al. (2020) provides a thorough analysis of issues encountered when assessing whether patents declared 

essential to a standard are, in fact, truly essential. Rudi Bekkers, Joachim Henkel, Elena M. Tur, Tommy van der Vorst, 
Menno Driesse, Byeongwoo Kang, Arianna Martinelli, Wim Maas, Bram Nijjoff, Emilio Raiteri, Lisa Teubner, “Pilot 
Study for Essentiality Assessment of Standard Essential Patents,” Nikolas Thumm (ed.), Joint Research Centre of the 
European Commission, JRC119894, 2020, available at 
https://publications.jrc.ec.europa.eu/repository/handle/JRC119894.  

https://publications.jrc.ec.europa.eu/repository/handle/JRC119894
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Table 1: Studies Reviewed 

   

 

The studies assess patent families, rather than individual patents. A patent family is a 
“collection of patent applications covering the same or similar technical content.”7 A patent 
family is considered essential if it includes at least one patent that is essential.8 Since some 

 
7  See https://www.epo.org/searching-for-patents/helpful-resources/first-time-here/patent-families.html. 

8  All the studies we reviewed and that included information on the family definition used the INPADOC extended family 
definition. 

Study Authors Title Publication Date Published

CDH Study
David Cooper, Johanna 
Dwyer and Alexander 

Haimovich

Survey of Mobile Cellular 5G 
Essentiality Rate

March 2021
Les Nouvelles-Journal of the 
Licensing Executives Society

Amplified and GreyB 
Initial Report

Muzammil Hassan, Aman 
Kumar, and Matt Luby

Exploration of 5G standards 
and Preliminary Findings on 

Essentiality
May 26, 2020 GreyB Website

Amplified and GreyB 
Updated Report

Muzammil Hassan, Aman 
Kumar, and Matt Luby

Updated Findings on 
Essentiality of 5G declared 

Standard Essentiality
March 2, 2021 GreyB Website

IPlytics January 2020 
Report

Tim Pohlmann, Knut Blind 
and Philip Heß

Fact finding study on patents 
declared to the 5G standard

January 2020 IPlytics Website

IPlytics February 
2021 Report

Tim Pohlmann and 
Magnus Buggenhagen

Who is leading the 5G patent 
race?

February 2021 IPlytics Website

IPlytics November 
2021 Report

Tim Pohlmann and 
Magnus Buggenhagen

Who leads the 5G patent race? November 2021 IPlytics Website

IPlytics June 2022 
Report

Tim Pohlmann and 
Magnus Buggenhagen

Who is leading the 5G patent 
race?

June 2022 IPlytics Website

Clarivate Report
Gaurav Sawant, Parijat 

Oak and Ed White

Demystifying the 5G standard 
essential patent landscape  

and 
Demystifying the 5G standard 

essential patent landscape with 
manual SEP analysis

August 17, 2020 
and 

March 12, 2021
Clarivate Website

Clarivate Report 
Phase 2

Gaurav Sawant, Parijat 
Oak and Ed White

Demystifying the 5G standard 
essential patent landscape: 

Phase 2  
and 

Demystifying the 5G standard 
essential patent landscape with 

manual SEP: Phase 2

July 1, 2021 
and

October 29, 2021
Clarivate Website

Clarivate Report 
Phase 3

Gaurav Sawant, Parijat 
Oak and Ed White

Demystifying the 5G standard 
essential patent landscape: 

Phase 3
March 21, 2022 Clarivate Website

Cyber Creative 
October 2020 Report

Cyber Creative Institute 
Co. Ltd

Essentiality Evaluation of SEP 
Declared 5G Patents

October 12, 2020 Cyber Creative Website

Cyber Creative April 
2021 Report

Cyber Creative Institute 
Co. Ltd

Cyber Creative Institute 
Analyzes the Number and New 

Trend of
5G Patents held by the World's 

Major Players

April 2, 2021 Cyber Creative Website

Cyber Creative 
November 2021 

Report

Cyber Creative Institute 
Co. Ltd

Essentiality Evaluation of SEP 
Declared 5G Patents (3rd 

division)
November 8, 2021 Cyber Creative Website

Cyber Creative May 
2022 Report

Cyber Creative Institute 
Co. Ltd

Cyber Creative Institute 
analyzes the factors behind the 
rapid increase in 5G-SEP and 

realized patents that support 5G 
standards and 5G business

May 31, 2022 Cyber Creative Website

Unified Report Unified Patents team
3GPP RAN Landscape 

Methodologies: A Closer Look 
at 4G and 5G

July 13, 2022 Unified Patents Website
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inventions are patented in more countries than others, counting families rather than individual 
patents avoids biasing the count toward inventions that are patented in multiple countries. 

Our analysis focuses attention on two statistics. First, the essentiality rate, which is the number 
of patent families judged essential (𝑁𝑁𝑗𝑗 ) divided by the number of patent families declared 
essential (𝑁𝑁𝑑𝑑).   

𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑟𝑟𝑒𝑒𝑒𝑒𝑒𝑒 =
𝑁𝑁𝑗𝑗
𝑁𝑁𝑑𝑑

 

The essentiality rate can be calculated in aggregate, for the entire 5G standard, and 
individually, for each specific SEP owner.  

Second, each SEP owner’s share of judged essential patents, calculated as the number of 
patent families judged essential for a specific SEP owner X (𝑁𝑁𝑗𝑗𝑋𝑋) divided by the total number of 
patent families judged essential to the 5G standard (𝑁𝑁𝑗𝑗).  

𝑒𝑒ℎ𝑒𝑒𝑟𝑟𝑒𝑒 𝑜𝑜𝑜𝑜 𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑒𝑒𝑗𝑗 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑝𝑝𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 =
𝑁𝑁𝑗𝑗𝑋𝑋

𝑁𝑁𝑗𝑗
 

Essentiality studies generally follow three steps. First, they collect a pool of declared essential 
patents for analysis, which is sometimes called the “census”. All the studies that we reviewed 
build their census from patents declared essential to the European Telecommunications 
Standards Institute (ETSI).9 Second, they select a sample of patents from the census for review 
by one or more technical experts who determine whether the sampled patents are truly 
essential to the standard. Third, based on the results of this technical review, essentiality ratios 
and shares for specific SEP owners are calculated.   

We begin discussion of these studies by presenting the size of each study’s census.  

Figure 1 shows the number of 5G patent families in each census, and the date at which the 
census was taken.10 As can be seen, for the most part, the later a census is taken the more 
patent families are included in it. The differences are significant: the Clarivate Report Phase 3, 
with a census date of March 2021, had 29,037 patent families in its census, more than four 
times as many as the 6,402 patent families in GreyB’s study with a census date of March 2019. 
In Figure 1, the census date reflects the cut-off month for declarations to be included in the 
census.11 For example, if a study considers patent families declared as of March 19, 2019, the 
census date is March 2019.  

 
9  Each of the studies appears to include SEPs from all categories of the 5G standard, including patents that may be 

essential to User Equipment, the Radio Access Network, and the Core Network. 

10  The Unified Report does not report census size. 

11  The census date for the November 2021 Cyber Creative study (July 2021) is an estimate. There was a 4-month lag 
between the cut-off date for declarations (June 2020) and the publication date (October 2020) for Cyber Creative’s 
prior report. We therefore assumed a 4-month lag between the cut-off date for declarations and the publication date 
for the November 2021 study. 
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Figure 1: Number of 5G Patent Families by Census Date 

 

 

Figure 1 also shows that the date when a census was taken is not the only choice affecting its 
size. For example, while both the CDH Study and IPlytics February 2021 Report consider 
patents declared essential as of January 2020, the CDH census contains 7.3% more patent 
families than does the IPlytics census. Moreover, the Amplified and GreyB Updated Report 
census, which considers patents declared essential as of November 2019, roughly two months 
earlier, contains more patent families than the CDH and IPlytics studies. In Section 3 we 
discuss some potential explanations for such differences, and their implications. 

Table 2 shows the essentiality rate found by each study both overall and, where available, for 
a few major SEP owners.12 The range of results for the overall essentiality rate is striking, with 
the highest (33%, by Cyber Creative) more than four times greater than the lowest (8%, by the 
CDH Study). There are also sizable differences in the company-specific essentiality rates. For 
example, the Cyber Creative study finds an essentiality rate of 39% for Qualcomm, more than 
twice the rate found by the Clarivate study.  

 
12  The Cyber Creative (May 2022) and GreyB (November 2019) studies update results of a prior study. In the table, we 

report results only for the most recent studies. Clarivate has released three 5G reports, but only published essentiality 
rates in the first two reports, and we therefore only include the second (i.e., “phase 2”) report in this table. IPlytics has 
released four 5G reports. This table includes results only from the June 2022 report. The Unified Report has two parts. 
The first part follows the steps described in the Results section above. The second part uses the first part to conduct 
an algorithmic analysis of the text of a very large set of patents, including many patents that have not been declared 
essential to 5G. We only consider the first part of the Unified Report in this review. 
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These discrepancies cannot simply be explained by differences in the threshold for determining 
essentiality. For example, comparing the results of the Clarivate and Cyber Creative studies, 
Clarivate reports a higher essentiality rate for Huawei than Cyber Creative, but a much lower 
essentiality rate for Qualcomm. Similarly, GreyB’s essentiality rate for Huawei is significantly 
higher than Clarivate’s, while GreyB’s essentiality rate for LG is lower than Clarivate’s. 

Table 2: Essentiality Rates Overall and for Some Major SEP Owners 

  

 

Given the range of conclusions regarding essentiality rates, both overall and for specific SEP 
owners, it is not surprising that the studies also reach divergent conclusions regarding the 
shares of major SEP holders in the total number of patents judged essential to the 5G standard. 

Table 3 shows reported shares of judged essential patents from five of the six publishers,13 
and there are some substantial differences.14 For example, consider Huawei and Samsung, 
two major 5G SEP owners who also manufacture mobile phones. According to IPlytics, 
Huawei’s share of truly essential 5G SEPs is less than half Samsung’ share. In contrast, 
Clarivate finds that Huawei’s share is 50% larger than Samsung’s. In addition, CDH reports a 
share for Ericsson that is two to three times greater than the shares found by the other studies. 

Table 3: Share of Judged Essential SEPs for Some Major SEP Owners 

  

 
13  Unified did not include this statistic in its publication. 

14  The Cyber Creative (May 2022) and GreyB (November 2019) studies update results of prior studies. In the table, we 
report results only for the most recent studies. Clarivate has released three 5G reports, but only published shares of 
judged essential SEPs in the first two reports. We therefore include only the second (i.e., “phase 2”) report in this table. 
IPlytics has released four 5G reports. This table includes results only from the February 2021 IPlytics study because 
this is the only study that reports shares of judged essential SEPs.  

Study Ericsson Huawei Qualcomm Samsung LG Nokia Overall
CDH 18% -- -- -- -- -- 8%
IPlytics -- -- -- -- -- -- 10-15%
GreyB 24% 32% 29% 23% 20% 27% 27%
Clarivate 24% 27% 19% 22% 21% 21% 22%
CC 31% 21% 39% 37% 32% 29% 33%
Unified -- -- -- -- -- -- 9%

Study Ericsson Huawei Qualcomm Samsung LG Nokia
CDH 18% -- -- -- -- --
IPlytics 5% 8% 11% 19% 7% 11%
GreyB 8% 18% 8% 13% 11% 15%
Clarivate 7% 21% 10% 12% 11% 9%
CC 4% 7% 10% 11% 9% 7%
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3. Why Do Results Differ?  
The core task in an essentiality study is the technical determination of whether patents that 
have been declared essential are indeed essential. It is clear from the methods employed by 
the studies we reviewed that such a determination is complex and involves considerable 
judgment, such that even highly skilled technical experts can reach different conclusions 
regarding a specific patent. Moreover, the prominent references in the studies to the technical 
expertise of their patent reviewers, and the number of hours spent by the experts reviewing 
each patent, reflect that determining essentiality is challenging and inevitably requires some 
judgement calls. For example, both a technical expert and a legal expert reviewed each patent 
in the November and February 2021 IPlytics reports. The technical expert spent on average 
six hours mapping patents to specifications in the 5G standard, and the legal expert spent on 
average three hours for this mapping exercise. When the technical expert and legal expert 
disagreed, they conferred to arrive at a definitive conclusion.15 In the CDH study, at least two 
reviewers each spent on average seven hours reviewing each patent. If they disagreed whether 
a patent is essential, a third expert reviewed the patent. 16  Yet, disagreements between 
technical experts as to whether specific patents that were declared essential to the 5G standard 
are, in fact, essential is not the only possible explanation for differences between the 
conclusions reached by these studies. We turn now to discuss other differences between the 
studies and their implications.  

As noted, the first step in conducting an essentiality study is compiling a census. There are a 
number of decisions to be made when compiling a census: 

1. Date: The census includes only those patents that have been declared essential to 
the 5G standard before the census date.  

2. Geography: Patents issue in a particular jurisdiction.17 An essentiality study must 
therefore decide which jurisdictions to include in its census. For example, the CDH 
study includes all patents that issued in at least one of the IP5 members,18 while the 
IPlytics study includes only patents issued by the European Patent Office (EPO) or 
with the US Patent and Trademark Office (USPTO).19 

 
15  IPlytics November 2021 Report, p. 6 and IPlytics February 2021 Report, p. 4.  

16  CDH Study, p. 16. 

17  Some patent offices are not at a national level but cover a number of countries. Most notably, patents issued by the 
European Patent Office potentially cover all EU member countries.  

18  The members of IP5 are the US Patent and Trademark Office, the European Patent Office, the Korean Intellectual 
Property Office, the National Intellectual Property Administration of The People’s Republic of China, and the Japan 
Patent Office. 

19  The EPO currently covers 29 member states. See https://www.epo.org/about-us/foundation/member-states.html.  

https://www.epo.org/about-us/foundation/member-states.html
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3. Patent status: Patents may be applied for but not yet issued, they may be issued and 
not yet expired, and they may be expired. A patent census could include all three 
types of patents, or any subset of them. 

Table 4 provides an overview of the census and technical review processes in the studies that 
we reviewed.20  

Table 4: Census Criteria and Technical Review Processes  

  

 

Differences in any of the above criteria will lead to a different census. Moreover, the different 
choices are likely to affect the results in predictable ways. For example, limiting the census to 
patents that were issued in at least one IP5 country may reduce the patent counts of SEP 
owners from small countries; an earlier census date may reduce the patent counts of “young” 
SEP owners that only recently began declaring patents essential to 5G; and including expired 
patents in the census may increase the patent counts of “old” SEP owners with expired patents 
that have been declared essential to 5G.  

Another potential explanation for the divergent results is differences in how the declarations 
data were prepared for analysis. For example, in assigning SEPs to an owner, the following 
two challenges inevitably arise:  

 
20  This table is based on the most recent study for each entity, with the following exceptions. The technical review process 

is not explicitly stated in the IPlytics June 2022 report, so we report the process from the IPlytics November 2021 
report. Likewise, the patent status and technical review process are not explicitly stated in the Cyber Creative May 
2022 report, so we report the status and process from the Cyber Creative November 2021 report. Lastly, the census 
date for the Cyber Creative May 2022 report is not explicitly stated, so we employ the same 4-month lag described in 
footnote 6. 

Study Census Date Geography Patent Status Technical Review

CDH Jan 2020 IP5 countries

Lapse date later than Jan 
13, 2020 and granted before 
Jan 13, 2020; also excluded 
patents that are included for 
record-keeping but are not 
an enforceable patent right

At least 2 reviewers per patent, 
with a third reviewer in case of 

disagreement

IPlytics Apr 2022 EPO or US
Granted, not lapsed, and 
unexpired as of Apr 30, 

2022.

Technical expert's review was 
verified by patent attorney; in case 

of disagreement, two experts 
arranged a call to reach resolution.

GreyB Nov 2019
Does not specify limiatations 

based on geography

Granted, not lapsed and 
unexpired as of June 30, 

2022.
Not specified

Clarivate Mar 2021
Does not specify limiatations 

based on geography
Granted as of March 31, 

2022
Not specified

CC Jan 2022
Does not specify limiatations 

based on geography
Declared and Granted 

Two evaluators per patent. 
Evaluators iterate to resolve 

disagreements

Unified Dec 2021
Does not specify limiatations 

based on geography
Declared essential Not specified
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1. The same SEP owner may appear under slightly different names, e.g., Motorola may 
appear as “Motorola,” “Motorola, Inc.,” or, after its split in January 2011, as “Motorola 
Mobility” or “Motorola Solutions.”  

2. Mergers and acquisitions, as well as purchases of patent portfolios, change the 
ownership of SEPs. SEPs that were declared by one company may not still be owned 
by that company at the time of the census, or that company may no longer even exist.   

Considering that the raw declarations data includes tens of thousands of patents, and hundreds 
of SEP owners, these issues can cause significant differences in the resulting census.21 

In addition, to avoid double-counting patents, researchers must de-duplicate the raw 
declarations data. For example, if multiple patents covering the same invention are issued in a 
number of countries, they should under most circumstances count only once for the patent 
census. When a company discloses a patent to ETSI, all patents in the family are automatically 
pulled in with that disclosure.22 In such cases, a patent will appear multiple times in the ETSI 
database. The process of de-duplication may also introduce differences between censuses. 

An additional potential reason for divergent results is present in the CDH Study. This study 
determines the essentiality rate for Ericsson patents declared essential to 5G and the overall 
5G essentiality rate. From these two numbers, it calculates Ericsson’s share of patents that are 
judged essential to 5G. However, unlike the other studies that we reviewed, the CDH experts 
only perform a technical review of essentiality for non-Ericsson declared SEPs. For Ericsson, 
the CDH Study relies on Ericsson’s technical evaluation of whether the declared SEPs are 
actually essential to 5G.23 As can be seen in Table 2, other essentiality studies find that 
Ericsson’s essentiality rate is similar to the overall essentiality rate. For example, GreyB finds 
that 24% of Ericsson’s declared SEPs were truly essential, compared to the overall essentiality 
rate of 27%. Clarivate also finds an essentiality rate of 24% for Ericsson, compared to an overall 
essentiality rate of 22%. And Cyber Creative finds an essentiality rate of 32% for Ericsson, 
compared to an overall essentiality rate of 33%. In sharp contrast, the CDH study finds that 
Ericsson’s essentiality rate is more than twice the overall essentiality rate, with an essentiality 
rate for Ericsson of 18% compared to an overall essentiality rate of 8%. These results suggest 
that Ericsson’s technical evaluation of essentiality for its declared SEPs does not align well with 
the technical evaluations performed in the studies that we reviewed, including the CDH Study. 

4. Conclusion  
The share of patents declared essential to 5G that are truly essential (i.e., the essentiality rate) 
is important in many settings, including in royalty negotiations. However, the publicly available 
analyses of essentiality rates for declared 5G SEPs reach distinctly different conclusions. In 
part, these divergent results likely stem from differing technical evaluations of whether declared 
SEPs are truly essential. Additional decisions that affect the patent census, such as matching 
declared SEPs to patent owners and eliminating duplicates in the raw declarations data, may 

 
21  This point is emphasized in the IPlytics June 2022 Report. 

22  CDH Study, p. 12. 

23  The CDH Study was funded by Ericsson. See CDH Study, p. 11. 
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also contribute to the disparate results. We do not take a stand here regarding the best way to 
measure essentiality rates. Our goal is simply to document the divergent results and explain 
how the many decisions made to prepare the raw declarations data for analysis can have a 
sizable effect on the results. 
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