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ABSTRACT
This paper analyzes optimal licensing contracts when a licensee faces the risk of future infringement claims by unknown patent

holders. In a setting where a noncompeting licensor contracts with a monopolistic manufacturer, fixed-fee licensing is optimal
absent such claims. We show that the possibility of future patent claims makes it optimal to include a per-unit royalty. The roy-
alty reduces the surplus available to potential third-party claimants and serves as a rent-protection device, trading off allocative
inefficiency against hold-up risk. Restrictions on the contracting space can be justified when more realistic features of demand
uncertainty or stochastic patent arrival are considered.
JEL Classification: D43, L13, O3

1 | Introduction

This paper analyzes the optimal licensing contract when a
licensee faces the possibility of future infringement claims by
unknown patent holders. We consider a simple environment in
which the patent holder is an outsider that does not compete
with a monopolistic licensee. In such a setting, it is well known
that the optimal contract consists solely of a fixed fee in the
absence of future infringement risk. However, we show that once
the possibility of unknown future patent claims is introduced,
the optimal contractual form entails a positive per-unit royalty.
This provides a new rationale for the prevalence of royalty con-
tracts in practice and yields important managerial and policy
implications.

To motivate our analysis, we can imagine a situation in which
a relevant patent unknown to the licensee is filed and pending
in the application process and then issued after the licensee has
introduced a product that implements the patented technology.
In fact, prior to 1995, when the U.S. signed the TRIPS agreement
of the WTO, which changed the patent term from 17 years from
the date of issuance to 20 years from the filing date, inventors
routinely engaged in strategic delay of patent issuance until a

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the
original work is properly cited.

© 2026 The Author(s). The Journal of Industrial Economics published by The Editorial Board of The Journal of Industrial Economics and John Wiley & Sons Ltd.

commercial product that implements the patented technology
appeared in the market. The strategic use of the so-called “sub-
marine patent”—a patent filed on device or technology that does
not exist yet or has not been implemented, and whose issuance
is deliberately delayed—also was facilitated under the old US
patent system that kept the filing information confidential until
issuance [1]. The American Inventors Protection Act (AIPA)
enacted in 1999 (37 C.F.R. 1.211) now mandates that the United
States Patent and Trademark Office publish patent applications
18 months after they are filed. This new disclosure requirement
in the U.S. patent law contributed to lifting the veil of secrecy
associated with patent filings and eliminated incentives for
“submarine patents” to some extent.1

However, this does not imply that licensees are cognizant of all
relevant patents and immune from surprises by “lurking patents”
[3]: the prospect of unknown infringement claims still looms
large for any firm that produces a new product, as we discuss in
more detail in the next section.

Absent future infringement risk, the optimal contract between a
noncompeting research firm and a monopolistic licensee consists
solely of a fixed fee. A royalty distorts the licensee’s marginal cost
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and introduces double marginalization, reducing total surplus.
Because the fixed fee can be used to divide the surplus according
to bargaining power, the parties jointly maximize total surplus by
setting the royalty rate to zero.2

The presence of uncertain future patent claims fundamentally
alters this result. We show that including a positive royalty
becomes optimal because it reduces the surplus available to a
potential future patent claimant holding a complementary patent
that the product may also infringe upon. The royalty thus serves
as a rent-protection device for the initial contracting parties. The
optimal royalty rate balances the allocative inefficiency it creates
against the reduction in surplus that would otherwise be subject
to ex post holdup. The optimal royalty rate is increasing in the
probability and timing weight of future claims and decreasing in
demand elasticity.

Our paper shares a common structure with Aghion and
Bolton [4], which analyzes exclusive dealing contracts in the pres-
ence of an entry threat: two parties move first by signing an
initial contract containing a strategic term that reduces the sur-
plus available to a third party that may appear later. However,
the mechanism in our paper differs importantly from that in
Aghion and Bolton [4]. In their model, an incumbent and a buyer
form a coalition to extract rents from a potential entrant supply-
ing substitute products; exclusivity functions as a rent-extraction
device. In contrast, in our model, the initial patent holder and the
licensee form a coalition to protect rents from a future comple-
mentary patent holder. The royalty operates as a rent-protection
mechanism rather than a rent-extraction mechanism. The dis-
tinction arises because the technologies in our baseline setting
are complements: the manufacturer requires both patents.3

We also show that the main results extend to settings with
demand uncertainty and stochastic patent arrival. Incorporating
these more realistic features provides a justification for restrict-
ing the contracting space to noncontingent royalty rates, as more
sophisticated state-contingent contracts are difficult to verify and
implement in practice.

This paper contributes to the literature on the optimal patent
licensing contract.4 Early contributions to this literature show
that licensing through a fixed fee or an auction is more prof-
itable for an independent R&D only licensor than licensing
through a royalty rate (Kamien and Tauman [5, 6], Katz and
Shapiro [7]).5 In practice, licensing contracts often include a roy-
alty component.6 There are several papers that explain the roy-
alty contract as an optimal contractual form in the presence of
market imperfections. For instance, Gallini and Wright [11] and
Beggs [12] provide an analysis of licensing in the presence of
asymmetric information. They consider a situation in which the
licensor has superior information about the value of the tech-
nology and explain the royalty rate in the contract as a signaling
device for the party that has better information about the value of
the licensed technology. Choi [13] considers a licensing environ-
ment with moral hazard, in which the effective transmission of
knowledge requires costly inputs by both dispensing and receiv-
ing parties. He shows that the introduction of inputs that are not
contractible and costly explains the prevalence of royalty con-
tracts in the licensing relationship.7 In all these models, royalty
contracts are a response to imperfect contractual environments

and a second-best solution to asymmetric information and/or
moral hazard problems.8 Positive royalties can arise under uncer-
tainty in other contexts, such as risk aversion or limited liability
[17]. In our model, however, the licensor and the licensee share
symmetric information and are risk-neutral. The mechanism in
this paper is therefore distinct: the royalty emerges as a strate-
gic device (without any positive effects) to protect surplus from
a potential future patent claimant, rather than as a response to
asymmetric information or risk-sharing considerations.

Amir et al. [18] analyze a patent holder’s choice of licensing
mechanism when the validity of the patent is uncertain and sub-
ject to potential litigation. They derive sufficient conditions under
which a per-unit royalty contract is optimal, showing that these
conditions hold across a wide range of environments. Their cen-
tral insight is that the comparison between fixed-fee and per-unit
royalty licensing depends on the balance between two opposing
forces, which they term the “efficiency effect” and the “punish-
ment effect.” In their setting with multiple competing licensees,
per-unit royalties soften competition among licensees, increas-
ing the total profit available to the patent holder.9 This “effi-
ciency effect” favors the use of per-unit royalties. Conversely,
under fixed-fee licensing, a firm that unsuccessfully challenges
the patent earns lower profits, which reduces the incentive to liti-
gate against the patent holder. This “punishment effect” favors
fixed-fee contracts.10 Per-unit royalties are preferred when the
efficiency effect dominates the punishment effect. While Amir
et al. [18] and this paper both demonstrate conditions under
which including per-unit royalties is optimal, the underlying
mechanisms are fundamentally different. In Amir et al., both the
efficiency and punishment effects arise exclusively from the pres-
ence of multiple licensees; when there is only a single licensee,
these effects vanish. In contrast, the optimality of per-unit royal-
ties in our model emerges even with a single licensee. Moreover,
Amir et al. [18] identify a per-unit royalty-only contract as opti-
mal, whereas our model yields a two-part tariff combining a fixed
fee with a per-unit royalty due to the distinct underlying ratio-
nale. Finally, the differing underlying mechanisms for per-unit
royalty contracts in the two papers give rise to opposite compar-
ative static results. While Amir et al. [18], in their extension with
a two-part tariff, find that per-unit royalties emerge when the
patent is weak, our model predicts an increase in the royalty rate
as the likelihood of future patent infringement claims rises.

Our paper is also closely related to Hovenkamp et al. [3], as both
studies examine strategic implications for a firm operating amid
uncertainty about relevant patents. Hovenkamp et al. [3] explore
the patentee’s incentives to “lurk,” potentially engaging in ex
post patent holdup if developers inadvertently infringe on their
patents. This possibility can impact developers’ technology adop-
tion decisions. In contrast, our paper focuses on the optimal form
of licensing contracts with known licensors, specifically under
the risk posed by such lurking patent holders. Their papers and
ours address different facets of strategic behavior, complementing
each other in offering valuable insights and managerial implica-
tions regarding the uncertainties surrounding lurking patents.

Finally, our paper has a connection to the literature on royalty
stacking and patent pools [21, 22]. While there are superficial
similarities particularly the presence of multiple complemen-
tary patent holders the mechanism in this paper differs in an
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important respect. In the royalty stacking literature, inefficiencies
arise from multiple patent holders independently setting royal-
ties. In contrast, in our model, the royalty in the initial contract
is chosen strategically by the first licensor and the manufacturer
to reduce the surplus available to a potential future claimant. The
result is therefore driven by a rent-protection motive rather than
by uncoordinated pricing among multiple patent holders.

The remainder of the paper is organized in the following way.
Section 2 briefly describes the risk of lurking patents faced by
manufacturers to motivate our analysis. In Section 3, we develop
a simple model of sequential patent licensing that demonstrates
the optimality of licensing contracts including a per-unit roy-
alty component. Section 4 extends the analysis and examines the
robustness of the main results by incorporating demand uncer-
tainty, the stochastic arrival of future patent claimants, endoge-
nous incentives for unknown patent holders to “lurk,” substitute
patents, and asymmetric bargaining power between the patent
holders and the licensee. Section 5 concludes the paper with
final remarks and a discussion of the policy implications of our
analysis.

2 | “Lurking Patents”: Institutional
and Industry Background

To motivate our analysis of a setting in which a licensee faces
the risk of future infringement claims by unknown patent
holders—despite disclosure requirements under U.S. patent
law—we explain why such reforms do not eliminate the threat of
“lurking patents.” Licensees may remain vulnerable to unknown
or strategically concealed patent claims because patent holders
often have other strategic tools at their disposal to keep potential
infringers unaware of relevant patents until the industry becomes
dependent on the technology, thereby maximizing their bargain-
ing leverage and potential payouts.

First, patent applicants still have the option of keeping their
patent filings secret if they can certify their intention not to seek
a patent outside the US. Second, a series of “continuation appli-
cations” is another commonly used tactic to engineer a delay
through which the claims of the patent can be modified and
refined to closely align with the new technology as it develops
in the market.11 Third, even if all patent applications are pub-
lished, there are simply too many patents to check to avoid any
infringement risks. Recent years have seen a dramatic increase
in the number of patent applications and patents granted as a
result of firms amassing vast patent portfolios [24]. The sheer
number of patents held by other firms makes it impractical for
firms to develop new products that avoid inadvertent infringe-
ment on other firms’ patent portfolios with certainty.12

For instance, Cotripia and Lemley [26] report that only a very
small fraction of patent infringement cases involve defendants
who have copied the patented technology, implying that most
cases entail inadvertent infringement. Bessen and Meurer [27]
also provide empirical evidence suggesting that most defendants
in patent litigation are inadvertent infringers rather than firms
attempting to copy or invent around patents. This type of situa-
tion is particularly pertinent in many high-tech industries where
technologies are rapidly advancing and draw upon existing stocks

of knowledge. The convergence of digital media and the emer-
gence of the Internet have also blurred the boundaries of the
previously separate information and communication technology
(ICT) industries. As a result, the development of new products
in the ICT industry often requires access to and integration of
numerous complementary technologies, as illustrated by smart-
phones that employ a variety of technologies in the areas of wire-
less communication, GPS, camera, digital technology, high-speed
broadband, and so on.

The semiconductor industry provides another example of an
industry that “requires access to a ‘thicket’ of intellectual property
rights in order to advance the technology or to legally produce or
sell” new products [28]. This issue is especially problematic for
software patents because there is no easily searchable database
for software ideas. For instance, Mulligan and Lee [29] estimate
that “it would require roughly 2 million patent attorneys, work-
ing full-time, to compare every firm’s products with every patent
issued in a given year” to avoid accidental infringement, which
makes eliminating unintentional infringement impractical.

The emergence of patent assertion entities (PAEs) and the busi-
ness model of “patent privateering” also adds to this type of
uncertainty. PAEs exploit secrecy to ambush unsuspecting firms
with surprise claims against them. Intellectual Ventures, Acadia,
and many others have assigned their patents to thousands of shell
companies and subsidiaries, making them hard to track [30]. For
instance, Ewing and Feldman [31] identified 1276 shell compa-
nies created by Intellectual Ventures. It is their explicit strategy
to wait until practicing entities develop products that infringe on
their patent portfolios to “surprise them with a suit.” High-profile
lawsuits, such as Apple’s antitrust case against Acacia and other
PAEs associated with Nokia, also highlight how the risk and cost
of future patent infringement claims may affect a company’s
strategy. Many of Nokia’s patents are used in Apple’s products,
and Apple has paid Nokia a royalty in order to use the patents.
In its case filed on December 20, 2016, Apple claimed that Nokia
had transferred patents to third-party companies, including Aca-
cia and Conversant, with the intent to extract excessive royalties
from Apple and other patent users. Nokia responded by filing
lawsuits against Apple for violating 32 technology patents. The
Apple vs. Nokia case demonstrates not only the extent to which
Apple is concerned with facing unexpected patent infringement
claims, but also the sophistication with which companies may
use patents and infringement claims to extract royalties from
potential licensees.

The cases discussed above illustrate how lurking patent strate-
gies can impose unexpected costs and disruptions on companies
that adopt technologies without full knowledge of all potential
patent claims, highlighting the risks posed by lurking patents for
manufacturers and motivating our analysis.13

3 | Model

Consider a licensing contract between a patent owner (𝑃 1) and
a manufacturing firm (𝑀). Let us assume that the licensee is a
monopolist in a market. The monopolist has a constant marginal
production cost of 𝑐. The monopolist’s product infringes on the
patent holder’s technology and it needs a license from the patent

The Journal of Industrial Economics, 2026 3

 14676451, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/joie.70031 by Jay Pil C

hoi , W
iley O

nline L
ibrary on [15/06/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



holder to commercialize the product. We, however, entertain the
possibility that in the future another patent holder (𝑃 2) may show
up and claim infringement on his technology. Let us assume that
the probability of this event is given by 𝛽, which is shared by both
𝑃 1 and the licensee. Note that we consider a setting where 𝑀 ’s
product is highly sophisticated, incorporating numerous unre-
lated or complementary technologies. The patents held by𝑃 1 and
𝑃 2 cover distinct, nonoverlapping aspects of the product, so there
is no dispute between 𝑃 1 and 𝑃 2. Patent validity is also not in
question in our setup. Rather, the potential licensee in the first
period is simply uncertain about other patents it may inadver-
tently infringe upon.

Both patent holders are nonpracticing entities: neither 𝑃 1 nor
𝑃 2 has the ability to commercialize the product that incorporates
patented technologies themselves in the relevant market we ana-
lyze. For instance, they could be a pure R&D firm without any
manufacturing capabilities. Alternatively, they could be a foreign
firm that prefers to license its technology rather than entering the
domestic market directly. We assume that the patent holders and
the monopolist have equal bargaining power and thus share any
surplus from the bargaining equally.

3.1 | Benchmark Model Without Future Patent
Claimant

To highlight the implications of uncertain future infringement
claims by another party on the current licensing contract, we
first characterize the optimal linear licensing contract in the
absence of such uncertainty. This linear contract, which is the
most commonly observed form, comprises two components: a
per-unit royalty rate and a lump-sum payment.

Let 𝜋(𝑐) and 𝑞(𝑐) be the (reduced) profit function for the licensee
and the corresponding profit-maximizing level of output. In the
benchmark case, we derive the standard result that the optimal
contract is characterized by fixed fee only contracts.

Lemma 1. The optimal contract between the patent holder and
the monopolist entails a lump-sum payment only contract without
any per-unit royalties.

Proof. Let 𝑃 (.) be the inverse demand function and 𝑞(𝑐) be
the profit maximizing level of output when the marginal cost
is given by 𝑐, that is, 𝑞(𝑐) = 𝑎𝑟𝑔𝑚𝑎𝑥[𝑃 (𝑞)𝑞 − 𝑐𝑞] and satisfies
the first-order condition 𝑃

′
𝑞 + 𝑃 = 𝑐. Note that by the envelope

theorem, 𝜋′(𝑐) = −𝑞(𝑐). With the royalty rate of 𝑟, the licensee’s
𝑀𝐶 = 𝑐 + 𝑟. Therefore, the licensee will produce 𝑞(𝑐 + 𝑟) and
receive profits of 𝜋(𝑐 + 𝑟). As a result, the royalty income is
𝑟𝑞(𝑐 + 𝑟). The remaining profit of the licensee can then be divided
between the patent holder and the licensee through a lump-sum
payment determined by Nash bargaining. Under equal bargain-
ing power, the Nash bargaining solution satisfies

𝜋(𝑐 + 𝑟) − 𝐹 = 𝑟𝑞(𝑐 + 𝑟) + 𝐹 .

Solving for the fixed fee yields 𝐹 = 𝜋(𝑐+𝑟)−𝑟𝑞(𝑐+𝑟)
2

. The licensor and
the licensee will choose 𝑟 to maximize the joint surplus (𝑆),
that is, to maximize the total licensing income 𝐿 = 𝑆

2
, where

𝑆 = 𝜋(𝑐 + 𝑟) + 𝑟𝑞(𝑐 + 𝑟). The first order condition is given by

𝑑𝑆

𝑑𝑟
= 𝜋

′(𝑐 + 𝑟) + 𝑞(𝑐 + 𝑟) + 𝑟𝑞
′(𝑐 + 𝑟)

= −𝑞(𝑐 + 𝑟) + 𝑞(𝑐 + 𝑟) + 𝑟𝑞
′(𝑐 + 𝑟) = 𝑟𝑞

′(𝑐 + 𝑟) = 0

Thus, the optimal 𝑟 = 0 because 𝑞
′(𝑐 + 𝑟) < 0. This, in turn,

implies that 𝐹 = 𝜋(𝑐)
2

. ◽

The intuition for Lemma 1 is easy to understand. The per-unit
royalty rate determines the licensee’s marginal cost and its
optimal output decision. As a result, the per-unit royalty affects
the size of the pie available between the two contracting parties,
whereas the lump-sum component is just a pure transfer between
them. The optimal contract requires no royalty rate because any
royalty rate artificially distorts the licensee’s marginal cost and
reduces the size of the available pie. This result is not dependent
on any particular bargaining protocol assumptions. As long
as the patent holder and the licensee bargain with symmetric
information and do not directly compete with each other in the
same market, the optimal royalty rate is zero. The optimality of
zero royalty rate would still hold even if there are multiple patent
owners, and they all bargain together simultaneously. When the
surplus is split between multiple patent owners and the licensee,
they will maximize the available surplus, which entails zero
per-unit royalty rate.

3.2 | Baseline Model

We now consider a licensing game in which both the patent
owner and the licensee recognize the possibility that the
licensee’s product may infringe on another patent holder’s
intellectual property. To analyze this scenario, we consider a
two-period model in which the initial negotiation takes place in
the first period, but another patent holder may emerge and assert
an infringement claim in the second period. The relative weight
of the second-period payoff compared to the first is parameter-
ized by 𝛿. When the two periods are of equal length, 𝛿 can be
interpreted as a discount factor. However, in our context, 𝛿 may
also capture the relative duration of the second period compared
to the first, so it is not necessarily less than one.

The timing of the game is as follows: In the first period, 𝑀 and
𝑃 1 (whose patent is widely known) negotiate a licensing contract.
In the second period, another patent holder (𝑃 2) appears with
the probability of 𝛽, in which event 𝑀 and 𝑃 2 negotiate another
bilateral licensing contract given the original contract between𝑀

and 𝑃 1 as given. If 𝑃 2 does not exist, then the market outcome is
the same as in the first period.

In the baseline model analysis of this section, we assume that
the initial licensing contract between 𝑀 and 𝑃 1 cannot spec-
ify different royalty rates across periods. In fact, as the analy-
sis below will illustrate, if different royalty rates could be set
across periods, the optimal contract would feature a zero roy-
alty rate in the first period, and impose a positive royalty rate
only in the second period when 𝑃 2 may appear. However, the
feasibility of such a contract depends critically on an artificial
two-period, discrete-time framework, where 𝑃 2’s possible entry
time is certain and exogenously given. If 𝑃 2’s arrival is uncertain
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and stochastic, then defining a “second period” based on 𝑃 2’s
entry becomes problematic, rendering such a contract infeasible.
Although this assumption may seem restrictive in the two-period
model, it becomes more reasonable in an infinite-horizon frame-
work where 𝑃 2’s arrival is stochastic without the need for artifi-
cial periodization. To address this issue, in Section 4, we analyze
an infinite-horizon model with a stochastic arrival time of 𝑃 2 and
derive results that are fundamentally the same.

We solve the game by backward induction. Let us consider the
bargaining between the monopolistic manufacturer (𝑀) and the
second patent holder (𝑃 2) given any contract (𝐹1, 𝑟1) between
the monopolist and 𝑃 1 in place. Since 𝐹1 is already paid by the
monopolist in the first period and sunk, the bargaining between
𝑃 2 and the licensee depends only on 𝑟1.

We assume that 𝑃 2 can shut down the monopolist’s business
with an injunction if they cannot reach a licensing agreement.14

By applying the logic of Lemma 1, it can be easily shown that
the optimal contract between 𝑃 2 and the licensee is to include
only the lump-sum component without any royalty, that is, 𝐹2 =
𝜋(𝑐+𝑟1)

2
, 𝑟2 = 0.

Now consider the optimal licensing contract in the first period
in the presence of an uncertain infringement claim in the sec-
ond period. Suppose that a royalty rate of 𝑟1 is chosen in the
first period. Given the uncertainty surrounding the possibility
of future infringement claims, and anticipating the optimal con-
tract that would arise in such a contingency, the overall expected
surplus available to be shared between 𝑃 1 and the licensee (𝑀)
under a royalty rate 𝑟1 is given by

𝑆1 =
[
(1 + 𝛿)𝜋(𝑐 + 𝑟1) − 𝛿𝛽𝐹2

]
+ (1 + 𝛿)𝑟1𝑞(𝑐 + 𝑟1)

= (1 + 𝛿)
[
𝜋(𝑐 + 𝑟1) + 𝑟1𝑞(𝑐 + 𝑟1)

]
− 𝛿𝛽

𝜋(𝑐 + 𝑟1)
2

Then, 𝐹1 is negotiated to split the surplus between 𝑃 1 and the
licensee.

(1 + 𝛿)𝜋(𝑐 + 𝑟1) − 𝛿𝛽
𝜋(𝑐 + 𝑟1)

2
− 𝐹1 = 𝐹1 + (1 + 𝛿)𝑟1𝑞(𝑐 + 𝑟1)

Thus, 𝐹1 =
1
2
[(1 + 𝛿)𝜋(𝑐 + 𝑟1) − 𝛿𝛽

𝜋(𝑐+𝑟1)
2

− (1 + 𝛿)𝑟1𝑞(𝑐 + 𝑟1)].
The total licensing income for 𝑃 1 is given by

𝐿1 =
𝑆1

2
= (1 + 𝛿)

2
[𝜋(𝑐 + 𝑟1) + 𝑟1𝑞(𝑐 + 𝑟1)] −

𝛿𝛽

4
𝜋(𝑐 + 𝑟1)

𝑃 1 and the licensee will choose 𝑟1 to maximize 𝐿1 (or equiva-
lently 𝑆1). By evaluating the derivative of 𝑆1 with respect to 𝑟1
at 𝑟1 = 0, we can immediately see that the fixed fee only con-
tract is no longer optimal. More specifically, by using the envelope
theorem that 𝜋′(𝑐 + 𝑟) = −𝑞(𝑐 + 𝑟), we obtain

𝑑𝑆1

𝑑𝑟1
= (1 + 𝛿)𝑟1𝑞

′(𝑐 + 𝑟1) +
𝛿𝛽

2
𝑞(𝑐 + 𝑟1). (1)

Evaluating (1) at 𝑟1 = 0 yields

𝑑𝑆1

𝑑𝑟1

||||𝑟1=0
= 𝛿𝛽

2
𝑞(𝑐) > 0,

implying that any maximum of 𝑆1 is attained with the inclusion
of a positive royalty rate 𝑟1. To facilitate a comparative static anal-
ysis of 𝑟1 and gain further insight into the properties of the opti-
mal royalty rate, we assume that 𝑞(.) is log-concave, which implies
that 𝑟1𝑞

′(𝑐 + 𝑟1)∕𝑞(𝑐 + 𝑟1) is decreasing in 𝑟1. The log-concavity
of 𝑞(.) therefore implies that 𝑆1 is quasi-concave in 𝑟1 and
that the first order condition 𝑑𝑆1

𝑑𝑟1
= 0 satisfies a single-crossing

property.15 These properties ensure that any solution satisfying
the first-order condition is the unique global maximizer, and that
the second-order condition holds:

𝑑
2
𝑆1

𝑑𝑟
2
1
= (1 + 𝛿 + 𝛿𝛽

2
)𝑞′(𝑐 + 𝑟1) + (1 + 𝛿)𝑟1𝑞

′′(𝑐 + 𝑟1)
⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏞⏟

[𝑆.𝑂.𝐶.]

< 0 (2)

This implies that

𝑟
∗
1 = −

𝛿𝛽𝑞(𝑐 + 𝑟
∗
1)

2(1 + 𝛿)𝑞′(𝑐 + 𝑟
∗
1)

> 0, (3)

which implicitly defines the optimal royalty rate 𝑟
∗
1 between 𝑃 1

and the licensee.

To derive the comparative statics of the optimal royalty rate with
respect to 𝛽, we totally differentiate the first order condition (1).

𝛿

4
𝑞(𝑐 + 𝑟1)𝑑𝛽 + [𝑆.𝑂.𝐶]𝑑𝑟1 = 0

Therefore,
𝑑𝑟

∗
1

𝑑𝛽
= −

𝛿

4
𝑞(𝑐 + 𝑟1)
[𝑆.𝑂.𝐶]

> 0

Similarly, we can derive

𝑑𝑟
∗
1

𝑑𝛿
= −

1
2
𝑟1𝑞

′(𝑐 + 𝑟1) +
𝛽

4
𝑞(𝑐 + 𝑟1)

[𝑆.𝑂.𝐶]

=
1

2𝛿
𝑟1𝑞

′(𝑐 + 𝑟1)
[𝑆.𝑂.𝐶]

> 0

The second equality above comes from the first order
condition (1).

Condition (3) that implicitly defines the optimal royalty rate also
suggests that the optimal royalty rate is higher when demand is
inelastic, that is, when − 𝑞

𝑞′
is high. We verify this for the case of a

constant elasticity of demand function

𝑃 (𝑞) = 𝐴𝑞
− 1

𝜂 .

We assume that the elasticity of demand, 𝜂, exceeds one. Then, it
can be easily verified that the optimal royalty rate is given by

𝑟
∗
1 =

𝛿𝛽𝑐

2𝜂(1 + 𝛿) − 𝛿𝛽
,

which is decreasing in the price elasticity of demand 𝜂.

Proposition 1. The optimal contract between P1 and the
licensee includes a positive royalty rate. In addition, this royalty rate
is increasing in 𝛽 and 𝛿, and decreasing in the price elasticity of
demand.
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The intuition for our result is as follows. In our model, a royalty
contract distorts the licensee’s true marginal production cost,
and introduces inefficiency that reduces the total size of pie
available to the licensor and the licensee. Thus, without any
potential future IP claims, there is no reason to introduce a
royalty component in the licensing contract. However, in the
presence of potential future claims, a royalty contract plays a
strategic role of reducing surplus available to future IP claimants.
Thus, a royalty contract serves as a rent protection mechanism
by the initial patent holder and the licensee. The optimal royalty
rate trades off rent protection from a potential future patent
claimant against allocative inefficiency in the market. As 𝛽 and
𝛿 increases, the rent protection becomes more important, and
the optimal royalty rate is increased at the expense of allocative
efficiency.

There are many papers that explain the royalty contract as an
optimal contractual form in the presence of market imperfec-
tion. For instance, Gallini and Wright [11] and Beggs [12] provide
an analysis of licensing in the presence of asymmetric informa-
tion. They consider a situation in which the licensor has superior
information about the value of the technology and explain the
royalty rate in the contract as a signaling device for the party who
has better information about the value of the licensed technol-
ogy. Choi [13] considers a licensing environment in which effec-
tive transmission of knowledge requires costly inputs by both
dispensing and receiving parties. He shows that the introduc-
tion of inputs that are not contractible and costly explains the
prevalence of royalty contracts in the licensing relationship. In all
these models, royalty contracts are a response to imperfect con-
tractual environments and a second-best solution to asymmetric
information and/or moral hazard problems. In our model, a roy-
alty contract is a pure rent protection mechanism without any
positive effects.

As in this paper, Bousquet et al. [35] assume symmetric infor-
mation between the licensor and the licensee, and analyze the
design of license contracts under demand or cost uncertainty.
They show that the optimal contracts generally consist of a mix
of a fixed fee and royalties. In their paper, the licensee is assumed
to be risk-averse, and a royalty enables the two licensing parties
share the risk as it is conditional on output. However, our paper
assumes all parties are risk-neutral. The role of royalty for the
two first movers is to protect future rents from the second mover
(𝑃 2) as a Stackelberg leader. In this sense, the nature of the con-
tract between 𝑃 1 and the licensee is reminiscent of Aghion and
Bolton [4], in which an incumbent and a buyer form a coalition
through an exclusive contract that enables them to extract part
of the entrant’s rent. The key difference is that in our setup the
licensing contract between 𝑃 1 and the licensee is designed to pro-
tect their rents from an outsider rather than to extract rents from
an entrant. In particular, the outsider (𝑃 2) in our model attempts
to extract rents from the initial contracting parties without creat-
ing additional surplus, whereas the entrant in Aghion and Bolton
[4] generates additional surplus. This also explains why, unlike
in Aghion and Bolton [4], renegotiation does not eliminate the
strategic value of the royalty in our setting. Even if the parties can
renegotiate ex post, the initial inclusion of a royalty still serves
to reduce the surplus available to 𝑃 2 and thereby mitigates the
hold-up problem.

4 | Discussion and Extensions of the Model

A natural question to ask is if there is any other commitment
mechanism other than the royalty contract that serves the same
purpose but without sacrificing any efficiency. In our simple
model, the answer turns out to be affirmative. We have assumed
that the fixed fee for licensing is paid in the first period and con-
sidered sunk in the second period. However, we can consider a
scheme in which the fixed component is paid over time in install-
ments out of each period’s profits over time, (𝑓1, 𝑓2), where 𝑓

𝑖

is the fixed fee to be paid by the monopolist to 𝑃 1 in period 𝑖.
With such a contract allowed, we can easily verify that a fixed fee
licensing contract paid over time is superior to the one analyzed
above. To see this, let (𝐹1, 𝑟1) be the optimal licensing contract
when the whole fixed fee needs to be paid in the first period. As
an alternative licensing contract with fixed fees paid over time,
consider a contract with 𝑓2 = 𝑟1𝑞(𝑐 + 𝑟1), which yields the same
licensing income to 𝑃 1 in the second period as the optimal fixed
fee cum royalty contract considered above. It will yield a higher
payoff to the licensee in the second period due to the absence of
a royalty rate. In addition, the profit to be shared by 𝑃 1 and the
licensee in the first period is also higher. As a result, such a con-
tract strictly dominates the one we considered above, with the
assumption that the fixed fee component is paid fully in the first
period. In fact, our logic tells us that the optimal fixed fee contract
should be end-loaded to protect rents from future infringement
claims. If a negative payment of 𝑃 1 to the licensee is feasible
in the first period, it would be possible to construct a contract
that completely shields 𝑃 1 and 𝑀 from future payment claims by
pledging all second-period profits as 𝑓2 to P1, leaving no surplus
for 𝑃 2 to extract.16

However, the logic above crucially depends on the certainty
of future market demand and on the artificial structure of the
two-period model, which makes the timing of future infringe-
ment claims certain. In the next subsections, we show that intro-
ducing more realistic features, such as demand uncertainty or
stochastic arrival of future claims, restores the optimality of
royalty-rate contracts.

4.1 | Model With Demand Uncertainty

We imagine a situation in which demand in the second period is
uncertain. More specifically, assume that demand in the second
period can be either high (𝐻) or low (𝐿) with probabilities of 𝛼
and (1 − 𝛼), respectively, where 𝑃

𝐻
(𝑞) > 𝑃

𝐿
(𝑞) for all 𝑞. Let 𝑞

𝑖
(𝑐)

be the profit-maximizing level of output for demand state 𝑖 when
the marginal cost is given by 𝑐, that is, 𝑞

𝑖
(𝑐) = 𝑎𝑟𝑔𝑚𝑎𝑥[𝑃

𝑖
(𝑞)𝑞 −

𝑐𝑞], where 𝑖 = 𝐿,𝐻 . Let 𝜋
𝑖
(𝑐) be the corresponding (reduced)

profit function for the licensee. With the possibility of the fixed fee
component being paid in installments, we consider the contrac-
tual form of (𝑓1, 𝑓2, 𝑟). We assume that the future fixed payment
𝑓2 cannot be contingent on the demand state because it cannot be
verified in court. When the second patent holder approaches the
monopolist in the second period, the realized market demand is
known to both. Note that we implicitly assume that the per-unit
royalty rate is constant over time. Once again, we justify this
assumption on the idea of stochastic arrival time of 𝑃 2, as the
two-period model imposes an artificial entry time of 𝑃 2 (see the
next subsection for stochastic arrival time).

6 The Journal of Industrial Economics, 2026
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As usual, we solve the game by backward induction. Let us con-
sider the bargaining between the monopolist and the second
patent holder (𝑃 2) given any contract (𝑓1, 𝑓2, 𝑟). For demand
uncertainty to be relevant to our analysis, we assume that it
is optimal for 𝑀 to operate even in the low-demand state.17

Note that the optimality of 𝑀 ’s operation under the low-demand
state requires that 𝑓2 ≤ 𝜋

𝐿
(𝑐 + 𝑟).18 By the same logic as before,

the optimal contract between 𝑃 2 and the licensee is to include
only the lump-sum component without any royalty, that is, 𝐹2𝑖 =
𝜋
𝑖
(𝑐+𝑟)−𝑓2 ,

2
, 𝑟2 = 0.

Now consider the optimal licensing contract in the first period
between the monopolist and 𝑃 1. Given a royalty rate of 𝑟,

(𝑓1, 𝑓2) will be chosen to satisfy the following condition in Nash
bargaining:

𝜋(𝑐 + 𝑟) + 𝛿𝐸[𝜋
𝑖
(𝑐 + 𝑟)] − 𝛿𝛽

[
𝐸[𝜋

𝑖
(𝑐 + 𝑟)] − 𝑓2

2

]
− (𝑓1 + 𝛿𝑓2)

= (𝑓1 + 𝛿𝑓2) + 𝑟𝑞(𝑐 + 𝑟) + 𝛿𝑟𝐸[𝑞
𝑖
(𝑐 + 𝑟)],

where 𝐸[𝜋
𝑖
(𝑐 + 𝑟)] = 𝛼𝜋

𝐻
(𝑐 + 𝑟) +(1 − 𝛼)𝜋

𝐿
(𝑐 + 𝑟) and 𝐸[𝑞

𝑖
(𝑐 +

𝑟)] = 𝛼𝑞
𝐻
(𝑐 + 𝑟) +(1 − 𝛼)𝑞

𝐿
(𝑐 + 𝑟).

The logic for end-loading incentives in the contract implies that
the constraint for 𝑓2 is binding with the optimal 𝑓2 = 𝜋

𝐿
(𝑐 + 𝑟)

for any choice of 𝑟.

Lemma 2. Suppose that the fixed fee can be paid in install-
ments over two periods. The optimal contract between P1 and the
licensee requires that 𝑓2 = 𝜋

𝐿
(𝑐 + 𝑟) for any choice of 𝑟.

Proof. Suppose not and the optimal contract is given by
(𝑓1, 𝑓2), where 𝑓2 < 𝜋

𝐿
(𝑐 + 𝑟). Then we can devise another con-

tract (𝑓 1, 𝑓 2) such that 𝑓 1 = 𝑓1− (1 − 𝛽

4
)𝛿𝜖 and 𝑓 2 = 𝑓2 + 𝜖,

where 𝜀 is an arbitrarily small positive number. This con-
tract equally splits the surplus between P1 and the licensee,
and improves both parties’ payoffs by 𝛽

4
𝛿𝜖. We thus have a

contradiction. ◽

Once we pin down 𝑓2 = 𝜋
𝐿
(𝑐 + 𝑟), the total licensing income for

𝑃 1 can be written as

𝐿1 =
1
2

[
𝜋(𝑐 + 𝑟) + 𝛿

(
1 − 𝛽

2

)
𝐸[𝜋

𝑖
(𝑐 + 𝑟)] + 𝑟𝑞(𝑐 + 𝑟)

+ 𝛿𝑟𝐸[𝑞
𝑖
(𝑐 + 𝑟)] + 𝛿𝛽

2
𝜋
𝐿
(𝑐 + 𝑟)

]

𝑃 1 and the licensee will choose 𝑟 to maximize 𝐿1. By using the
envelope theorem that 𝜋′

𝑖
(𝑐 + 𝑟) = −𝑞

𝑖
(𝑐 + 𝑟), where 𝑖 = 𝐿,𝐻 , the

first order condition is given by

𝑑𝐿1

𝑑𝑟
= 𝛿𝛽

2
𝐸[𝑞

𝑖
(𝑐 + 𝑟)] + 𝑟[𝑞′(𝑐 + 𝑟) + 𝛿[𝛼𝑞′

𝐻
(𝑐 + 𝑟)

+ (1 − 𝛼)𝑞′
𝐿
(𝑐 + 𝑟)] − 𝛿𝛽

2
𝑞
𝐿
(𝑐 + 𝑟) = 0 (4)

We thus have

𝑟
∗ = −

𝛿𝛽𝛼[𝑞
𝐻
(𝑐 + 𝑟) − 𝑞

𝐿
(𝑐 + 𝑟)]

2[𝑞′(𝑐 + 𝑟) + 𝛿[𝛼𝑞′
𝐻
(𝑐 + 𝑟) + (1 − 𝛼)𝑞′

𝐿
(𝑐 + 𝑟)]

> 0, (5)

which implicitly defines the optimal royalty rate 𝑟
∗ between 𝑃 1

and the licensee.

Proposition 2. With demand uncertainty, the optimal con-
tract between P1 and the licensee includes a positive royalty rate,
even if the fixed fee can be paid in installments.

Condition (3) that implicitly defines the optimal royalty rate also
suggests that the optimal royalty rate is higher when demand
uncertainty is greater. To be more specific, consider a demand
function with constant elasticity.

𝑃
𝑖
(𝑞) = 𝐴

𝑖
𝑞
− 1

𝜂 ,

where 𝑖 = 𝐻,𝐿, 𝐴
𝐻

> 𝐴
𝐿
(> 0), and 𝜂 > 1. To analyze the effects

of greater demand variation on the optimal royalty rate, we con-
sider a mean-preserving spread in 𝐴

𝑖
(Δ

𝐴
= 𝐴

𝐻
− 𝐴

𝐿
) such that

𝛼𝐴
𝐻
+ (1 − 𝛼)𝐴

𝐿
= 𝐴. With a constant elasticity demand func-

tion, it can be shown that the optimal royalty rate with delayed
fixed fee payments is given by

𝑟
∗
1 =

𝜉𝑐

𝜂 − 𝜉
, where 𝜉 = 𝛿

1 + 𝛿
𝛽𝛼Δ

𝐴

The optimal royalty rate is increasing in 𝛿, 𝛽, andΔ
𝐴
= 𝐴

𝐻
− 𝐴

𝐿
,

and decreasing in 𝜂.

A positive royalty rate naturally arises under demand uncertainty
if the licensee is risk averse. In such a case, a royalty rate can be
used as a risk-sharing mechanism because the licensee’s royalty
payment will co-vary with the demand realizations, thus shield-
ing the licensee from negative demand shocks. Note that here
we assume risk-neutrality for both the licensor and the licensee.
Thus, our explanation for a positive royalty rate is not driven by
risk sharing.

4.2 | A Stochastic Arrival Model

As we discussed earlier, we have assumed that the royalty rate is
constant over time. This would be a restrictive assumption in the
two-period model we considered. However, this would be a more
realistic assumption when the arrival time of 𝑃 2 is not restricted
to the second period and the royalty rates cannot be fine-tuned to
𝑃 2’s arrival time. To address this issue, we now develop an infi-
nite horizon continuous time model in which𝑃 2 appears at a ran-
dom time from the perspectives of 𝑃 1 and the licensee at the time
of the initial licensing contracting. We represent this uncertainty
as a random Poisson arrival time with a parameter of 𝜆. Once
again, the optimal contract between 𝑃 2 and the licensee will be
characterized by 𝐹2 =

𝜋(𝑐+𝑟1)
2𝜌

, 𝑟2 = 0, where 𝜌 is the discount rate.
The following proposition for a stochastic arrival time qualita-
tively replicates the optimal contract in a two-period model.

Proposition 3. The optimal contract between P1 and the
licensee includes a positive royalty rate. In addition, this royalty rate
is increasing in 𝜆 and decreasing in 𝜌.

Proof. Suppose that a royalty rate of 𝑟1 is chosen in the ini-
tial contract between 𝑃 1 and the licensee. Given a royalty rate
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of 𝑟1 and a random arrival time of 𝑃 2, the expected profit for the
licensee gross of a lump-sum payment to 𝑃 1 is given by:

𝑉 (𝑟1, 𝜆) =
∫

∞

0
𝑒
−𝜌𝑡

𝑒
−𝜆𝑡

[
𝜋(𝑐 + 𝑟1) + 𝜆

𝜋(𝑐 + 𝑟1)
2𝜌

]
𝑑𝑡

=
𝜋(𝑐 + 𝑟1) + 𝜆

𝜋(𝑐+𝑟1)
2𝜌

𝜌 + 𝜆

Then, 𝐹1 is negotiated to split the expected surplus between 𝑃 1
and the licensee.

𝑉 (𝑟1, 𝜆) − 𝐹1 = 𝐹1 +
𝑟1𝑞(𝑐 + 𝑟1)

𝜌

Thus, 𝐹1 =
1
2
[𝑉 (𝑟1, 𝜆) −

𝑟1𝑞(𝑐+𝑟1)
𝜌

]. The total licensing income for
𝑃 1 is given by

𝐿1 =
1
2
[𝑉 (𝑟1, 𝜆)] +

𝑟1𝑞(𝑐 + 𝑟1)
2𝜌

𝑃 1 and the licensee will choose 𝑟1 to maximize 𝐿1. Once again,
by using the envelope theorem that 𝜋′(𝑐 + 𝑟) = −𝑞(𝑐 + 𝑟), the first
order condition is given by

2𝑑𝐿1

𝑑𝑟1
=

𝜆𝑞(𝑐 + 𝑟1)
2𝜌(𝜌 + 𝜆)

+
𝑟1𝑞

′(𝑐 + 𝑟1)
𝜌

= 0 (6)

This implies that

𝑟
∗
1 = −

𝜆𝑞(𝑐 + 𝑟
∗
1)

2(𝜌 + 𝜆)𝑞′(𝑐 + 𝑟
∗
1)

> 0

By totally differentiating (6)with respect to 𝜌 and 𝜆, we can easily
verify that

𝑑𝑟
∗
1

𝑑𝜆
> 0 and

𝑑𝑟
∗
1

𝑑𝜌
< 0

◽

Remark 1. We have assumed that the manufacturing licensee
(𝑀) and 𝑃 2 negotiate with the existing contract between 𝑀 and
𝑃 1 as given. We can entertain the possibility of renegotiation to
have a three-party lump-sum sharing of profits in the event until
𝑃 2’s arrival, similar to what is optimal in the case of two parties.
However, the qualitative results do not change, and the incentive
to include a royalty rate in the initial contract between 𝑀 and
𝑃 1 still remains. Furthermore, we have assumed that only one
additional patentee lurks. If multiple potential patent claimants
exist, then even the contract between 𝑀 and 𝑃 2 would entail a
royalty component.

4.3 | Endogenous Incentives to “Lurk”

In the baseline model of Section 3, we assumed an exogenous
probability for 𝑃 2’s emergence to assert its patent rights. How-
ever, it can be easily verified that 𝑃 1’s licensing income is higher
than 𝑃 2’s, which raises the question of why 𝑃 2 would wait until
the second period to approach the manufacturing firm. One plau-
sible scenario is that 𝑃 1’s patent is publicly well-known, allow-
ing the manufacturing firm to negotiate an ex ante licensing
contract with 𝑃 1, while 𝑃 2’s patent remains unknown to the
firm. Only after the product is introduced does 𝑃 2 discover the

manufacturing firm’s infringement of its patent and subsequently
approach the firm to negotiate a licensing contract.

In this subsection, we consider an alternative scenario in which
𝑃 2 is aware of the manufacturing firm’s product but strategically
waits until after its introduction before asserting its patent rights.
This ex post hold-up incentive against the manufacturing firm
can be derived by assuming a sunk cost of product development.
More specifically, suppose that developing the product incurs a
sunk cost 𝐾 . In this case, an ex ante contract before the devel-
opment of the product would divide the manufacturing firm’s
total profits among three parties: the manufacturing firm,𝑃 1, and
𝑃 2. Using the same logic as in Section 3, under these conditions
the optimal contract would consist solely of a fixed fee, with no
per-unit royalty rate, which results in the total monopoly profit
of (1 + 𝛿)𝜋(𝑐) −𝐾 . This arrangement yields an equal split of the
total profit, with each party receiving one-third of the monopoly
profit (i.e., (1+𝛿)𝜋(𝑐)−𝐾

3
), assuming equal bargaining power. This

outcome is consistent with the Shapley value solution.

Now suppose that 𝑃 2 keeps its patent in the dark and approaches
the manufacturing firm (𝑀) only after the introduction of the
product in period 2. Anticipating this possibility, 𝑀 and 𝑃 1 nego-
tiate as in the baseline model. As the development cost is already
sunk, the optimal contract between 𝑃 2 and the licensee (𝑀) is,
once again, to include only the lump-sum component without
any royalty, that is, 𝐹2 =

𝜋(𝑐+𝑟1)
2

, 𝑟2 = 0. As in the analysis of the
baseline model, suppose that a royalty rate of 𝑟1 is chosen in the
first period. Then, 𝐹1 is negotiated to split the surplus between
𝑃 1 and the licensee. Accounting for the development cost of 𝐾,

we have

(1 + 𝛿)𝜋(𝑐 + 𝑟1) − 𝛿𝛽
𝜋(𝑐 + 𝑟1)

2
− 𝐹1 −𝐾 = 𝐹1 + (1 + 𝛿)𝑟1𝑞(𝑐 + 𝑟1),

which yields 𝐹1 =
1
2
[(1 + 𝛿)𝜋(𝑐 + 𝑟1) − 𝛿𝛽

𝜋(𝑐+𝑟1)
2

− (1 + 𝛿)𝑟𝑞(𝑐 +
𝑟1) −𝐾]. The total licensing income for 𝑃 1 is given by

𝐿1 =
(1 + 𝛿)

2
[𝜋(𝑐 + 𝑟1) + 𝑟1𝑞(𝑐 + 𝑟1)] −

𝐾

2
− 𝛿𝛽

4
𝜋(𝑐 + 𝑟1)

We can easily see that the optimal royalty rate does not change
in comparison to the baseline model because the development
cost is independent of the output: it is borne by the two parties
equally and the only effect is to reduce each part’s payoff by 𝐾

2
.

Thus, the optimal royalty rate is implicitly determined by the
same condition in (3), which is independent of 𝐾 . Thus, 𝑃 2’s
payoff from “lurking” is given by 𝜋(𝑐+𝑟∗1)

2
. Thus, “lurking” is more

profitable for 𝑃 2 if

𝐹2 = 𝛿

𝜋(𝑐 + 𝑟
∗
1)

2
>
(1 + 𝛿)𝜋(𝑐) −𝐾

3
,

where 𝑟
∗
1 is implicitly defined by (3), that is 𝑟∗1 = −

𝛿𝛽𝑞(𝑐+𝑟∗1 )
2(1+𝛿)𝑞′(𝑐+𝑟∗1 )

> 0.
This condition can be expressed as

𝐾 > (1 + 𝛿)𝜋(𝑐) − 3𝛿
2

𝜋(𝑐 + 𝑟
∗
1), (7)

indicating that when 𝐾 is sufficiently large, 𝑃 2 has an incen-
tive to keep its patent undisclosed and makes a surprise licensing
demand, thereby holding up the practicing entity. In addition,
however, there is also an upper bound on 𝐾 to ensure that 𝑀
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has an incentive to develop the product in the first place, which
is given by

𝐾 < (1 + 𝛿)[𝜋(𝑐 + 𝑟
∗
1) + 𝑟1𝑞(𝑐 + 𝑟

∗
1)] −

𝛿𝛽

2
𝜋(𝑐 + 𝑟

∗
1). (8)

Taken together, we obtain an equilibrium in which incentives for
𝑃 2 to lurk endogenously arise if the following condition holds:

(1 + 𝛿)𝜋(𝑐) − 3𝛿
2

𝜋(𝑐 + 𝑟
∗
1) < 𝐾 < (1 + 𝛿)

× [𝜋(𝑐 + 𝑟
∗
1) + 𝑟1𝑞(𝑐 + 𝑟

∗
1)] −

𝛿𝛽

2
𝜋(𝑐 + 𝑟

∗
1). (9)

Note that the condition above is written in terms of the endoge-
nous variable 𝑟

∗
1. Nevertheless, we can see that there exists a range

of 𝐾 for which 𝑃 2 prefers to lurk while 𝑀 still prefers to contract
with 𝑃 1 when 𝛽 is relatively small. To see this, observe that as
𝛽 → 0, 𝑟

∗
1 → 0, and [𝜋(𝑐 + 𝑟

∗
1) + 𝑟1𝑞(𝑐 + 𝑟

∗
1)] approaches

𝜋(𝑐), which ensures the existence of range for 𝐾 satisfying
condition (9).

To illustrate the point above, consider again the case of a constant
elasticity of demand function, 𝑃 (𝑞) = 𝐴𝑞

− 1
𝜂 , with elasticity 𝜂 (>

1), and the associated optimal royalty rate

𝑟
∗
1 =

𝛿𝛽𝑐

2𝜂(1 + 𝛿) − 𝛿𝛽
.

We can find a range of 𝐾 that satisfies condition (9) when-
ever (1 + 𝛿)[𝜋(𝑐 + 𝑟

∗
1) + 𝑟1𝑞(𝑐 + 𝑟

∗
1)] −

𝛿𝛽

2
𝜋(𝑐 + 𝑟

∗
1) > (1 + 𝛿)𝜋(𝑐)

− 3𝛿
2
𝜋(𝑐 + 𝑟

∗
1). Under constant elasticity demand, we have

𝜋(𝑥) = 𝐾𝑥
−(𝜂−1) and 𝑞(𝑥) = (𝜂 − 1)𝐾𝑥

−𝜂
.

Therefore, the above condition can be written as
(

1 + 5
2
𝛿 − 𝛿𝛽

2𝜂

)(
1 − 𝛿𝛽

2𝜂(1 + 𝛿)

)𝜂−1

> 1 + 𝛿

The left-hand side of the above inequality is satisfied at 𝛽 = 0 and
is strictly decreasing in 𝛽. This implies that either there exists a
unique cutoff 𝛽∗ ∈ (0, 1) such that the condition is satisfied for all
𝛽 < 𝛽

∗, or the condition holds for the entire range 𝛽 ∈ [0, 1].

4.4 | Substitute Patents

So far, we have analyzed the possibility of future infringement
claims involving complementary technologies, that is, a setting in
which 𝑀 requires both patents held by 𝑃 1 and 𝑃 2. We now turn
to a different scenario in which future infringement claims arise
from a substitute technology, meaning that 𝑀 needs only one of
the two technologies or that the incremental value of the second
technology is lower than its stand-alone value. We show that the
nature of the relationship between the two patents matters and
that complementarity is essential for our main result. If the two
technologies are substitutes, the rationale for a royalty rate as a
rent-protection mechanism disappears, and the optimal royalty
rate is zero.

To formalize this idea, we modify the model to incorporate sub-
stitute patents. Let 𝜋(𝑐) and 𝑞(𝑐) denote the (reduced-form) profit

function of the licensee and the corresponding profit-maximizing
level of output when its constant marginal cost is 𝑐. 𝑀 ’s marginal
cost is 𝑐1 when 𝑃 1’s technology is used. In the second period,
another patent holder (𝑃 2) appears with probability 𝛽. In con-
trast to the baseline model, the two patents are substitutes, and
𝑃 2’s technology allows 𝑀 to produce the same product at cost 𝑐2,
where 𝑐2 is distributed according to 𝐺(.) on [0,∞). If the initial
contract between 𝑀 and 𝑃 1 includes a royalty rate 𝑟1, then entry
by 𝑃 2 occurs only if 𝑐2 ≤ 𝑐1 + 𝑟1.

This implies that the inclusion of a positive royalty rate increases
the probability of entry by 𝑃 2. When such an entry occurs, 𝑃 1
loses its licensing income in the second period unless the initial
contract between 𝑀 and 𝑃 1 includes an exclusive licensing pro-
vision, as in Aghion and Bolton [4]. It therefore follows immedi-
ately that any contract with a positive royalty rate is strictly dom-
inated by one without a royalty rate: the royalty sacrifices alloca-
tive efficiency in the first period while simultaneously increasing
the likelihood of entry by a substitute patent holder.

Proposition 4. When the patents held by P1 and P2 are substi-
tutes, the optimal contract between P1 and the licensee (M) includes
no positive royalty rate.

Proof. See the Appendix. ◽

4.5 | Asymmetric Bargaining Power Between
the Manufacturer and Patent Holders

We have so far assumed equal bargaining power between the
patent holders and the manufacturer. In this subsection, we show
that our main results are robust to the introduction of asymmetric
bargaining power. To this end, consider the more general case in
which the relative bargaining power between the patent holder
𝑃 𝑖 (for 𝑖 = 1, 2) and the manufacturer is given by 𝜇

𝑖
∈ (0, 1) and

(1 − 𝜇
𝑖
), respectively, representing their respective shares of the

surplus generated relative to the disagreement point.

Our main qualitative results are robust to these modifications.
In the second period, if 𝑃 2 appears and there is no further risk
of subsequent infringement claims, the optimal contract consists
solely of a fixed fee, with the surplus divided between 𝑀 and 𝑃 2
according to their relative bargaining power. In the first period,
however, anticipating the risk of future patent claims in the sec-
ond period, the optimal contract includes a positive royalty rate.
This royalty rate is increasing in 𝑃 2’s bargaining power 𝜇2, since
its primary function is to protect rents from 𝑃 2. Both mathemat-
ically and intuitively, this effect is isomorphic to an increase in
𝛽 in Proposition 1, as shown in the Appendix. By contrast, 𝑃 1’s
bargaining power 𝜇1 affects only the determination of the fixed
fee 𝐹1. Hence, allocative efficiency is influenced by 𝜇2, while 𝜇1
has purely distributional consequences.

Proposition 5. With asymmetric bargaining power between
the manufacturer and the patent holders, the optimal contract
between P1 and the licensee includes a positive royalty rate. More-
over, the optimal royalty rate is increasing in P2’s bargaining
power, 𝜇2.

Proof. See the Appendix. ◽
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5 | Concluding Remarks With Policy
Implications

We have analyzed the optimal licensing contract in an environ-
ment under which the manufacturing licensee can be subject to
uncertain future infringement claims by unknown patent hold-
ers. We propose structured licensing contracts with royalty com-
ponents as a mechanism to protect firm profits from the holdup
problem associated with lurking patents. Ideally, licensing agree-
ments should anticipate the possibility of future lurking patents,
incorporating contingency clauses or royalty arrangements that
account for the cost of potential additional licenses if lurking
patents emerge. However, these contracts can be challenging
to implement due to ex post disputes over contingency inter-
pretation when issues arise. While including a royalty compo-
nent may introduce some inefficiency, it offers a more robust
and easier-to-implement solution. The licensing literature has
identified several reasons why royalty contracts can be optimal,
including benefits like risk-sharing and addressing market imper-
fections due to information asymmetries between licensors and
licensees, which may lead to adverse selection [11] or moral haz-
ard [13]. This paper highlights an additional channel through
which royalty contracts can protect licensee profits from holdup
risks.

The environment we analyze in this paper has become increas-
ingly relevant in recent years, driven by the surge in patent appli-
cations and grants, as well as the rise of patent assertion entities
(PAEs) as a major force in patent litigation. PAEs often pejora-
tively referred to as “patent trolls” are organizations whose pri-
mary business model is to acquire and enforce patents in order
to extract licensing revenues, frequently relying on strategies of
secrecy and surprise infringement claims against practicing enti-
ties. Although PAEs are not a new phenomenon, their promi-
nence has grown substantially.19 Indeed, one study reports that
patent assertion entities were responsible for approximately 67
percent of all patent lawsuits [36]. In such an environment, we
show that a licensing contract with a royalty component can be
used as a mechanism to shield rents from future extraction of
rents by a third party. Our model provides a new rationale for
the use of royalty rates in licensing contract, despite the apparent
inefficiency associated with such a contract.

Our paper also has implications for policymakers. The holdup
problem related to submarine or lurking patents has long been
recognized, prompting past reforms to patent laws. In 1995, the
United States changed patent terms to 20 years from the filing
date (rather than from the grant date). However, the publication
of most patent applications did not begin until 2000, when
the American Inventors Protection Act of 1999 mandated the
publication of most applications 18 months after filing. These
changes were implemented as part of the TRIPS Agreement
under the WTO. Nevertheless, applicants may still keep their
filings secret if they do not seek patent protection outside the
United States. Closing this loophole would further mitigate the
risk of patent hold-up. Additionally, antitrust authorities should
closely monitor the use of “continuation patents” to prevent
abusive practices (see [23]).

Our analysis also considers environments with potentially multi-
ple patent holders a particularly relevant issue in the high-tech

sector, which involves many complementary technologies. In
an increasingly interconnected world, interoperability among
devices has become essential, making standards crucial to ensure
compatibility among products from different vendors. One solu-
tion is for standard-setting organizations (SSOs) to mandate fair,
reasonable, and nondiscriminatory (FRAND) licensing for stan-
dard essential patents (SEPs).20 Nonetheless, lurking patents
remain a potential issue, as seen in the case of Rambus v.
F.T.C, 522 F.3d 456 (D.C. Cir. 2008). Rambus was accused of not
disclosing relevant patents or applications during DRAM stan-
dard development. Once the standards gained widespread adop-
tion, Rambus pursued infringement claims, engaging in strategic
holdup.

Policymakers and courts are encouraged to mandate stricter dis-
closure requirements for SSOs, requiring participants to iden-
tify any relevant patents or pending applications when engaging
in standards development.21 Policies could further limit injunc-
tive relief and require compulsory licensing at reasonable rates
for SEP holders who fail to disclose relevant patents during
the standard-setting process, restricting their ability to demand
excessive royalties. Antitrust authorities might also issue guide-
lines on anticompetitive practices related to SEPs, emphasiz-
ing that intentional nondisclosure and holdup can constitute
antitrust violations.
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Endnotes
1See Hegde and Luo [2] for an empirical analysis of AIPA’s impact on
the timing of licensing deals in the biomedical industry. Their findings
indicate that, on average, AIPA’s enactment shortened licensing delays
by approximately 10 months. This suggests that AIPA facilitates trans-
actions in the market for ideas by lowering information costs.

2If the licensor is also a practicing entity competing with the licensee
in the same market, a royalty contract will be optimal for mitigating
competitive pressures. To highlight a new rationale for royalty contracts
in this paper, we intentionally consider a scenario in which no other
factors justify the use of royalty contracts.

3In Section 4, we show that when the patents are substitutes rather than
complements, the optimal initial contract does not include a royalty
component.

4See Kamien [5] for an excellent survey on patent licensing.
5See also Sen [8] and Sen and Tauman [9] for more recent analyses in the
context of cost-reducing innovation in oligopoly.

6See Shapiro [10] for an analysis of royalty rate cross-licensing contracts
as a collusive device for oligopolistic firms.

10 The Journal of Industrial Economics, 2026

 14676451, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/joie.70031 by Jay Pil C

hoi , W
iley O

nline L
ibrary on [15/06/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



7See also Bhattacharyya and Lafontaine [14] for a model of double-sided
moral hazard that explains revenue/profit-sharing arrangements in the
framework of business-format franchising.

8See Hegde [15] for empirical evidence showing that the structure of
license contracts in the biomedical industry aligns broadly with the-
oretical predictions. Kotha et al. [16] also demonstrate how an effec-
tive contract payment structure a combination of upfront and royalty
payments can help mitigate asymmetric information problems in the
absence of proven results. By analyzing university technology licensing
contracts, they show that structuring payments to trade lower upfront
fees for higher royalty payments serves as a signaling mechanism for
value.

9See also Farrell and Shapiro [19] and Jeon and Lefouili [20] for discus-
sions on how per-unit royalties can serve to relax competition among
licensees.

10Farrell and Shapiro [19] also rely on coordination externalities requiring
multiple licensees to show how royalties can be excessive under uncer-
tainty about a patent’s validity.

11Jerome Lemelson, an American inventor, was known for filing numer-
ous patents and intentionally delaying their approval through continu-
ation applications. Many of his patents covered emerging technologies,
such as bar code scanners and machine vision. Once these technologies
became essential, Lemelson enforced his patents, resulting in costly set-
tlements from companies already using the technology. Continuation
patents are also widely used in the pharmaceutical industry to increase
the parent patent’s expected patent scope with additional uncertainty.
See, for instance, European Commission [23] for more details.

12Another contributing factor is that there is no legal obligation for a firm
to investigate whether other companies hold patents. However, once a
firm becomes aware of a patent that it might infringe, legal duties arise,
and if infringement is found, it could be seen as “willful infringement”
and the firm may be liable for treble damages. This situation creates
perverse incentives for practicing entities, with some lawyers even sug-
gesting that it might be better not to search for other firms’ patents [25].

13Other prominent cases of “lurking patents” include Rambus Inc. and
the DRAM Standards, TiVo vs. DISH Network, NTP vs. Research
In Motion (RIM), and Honeywell vs. Minolta (Auto-Focus Camera),
among others.

14For an analysis of injunctions in patent enforcement, see Shapiro [32].
We can easily accommodate the possibility that𝑃 2’s patent right is prob-
abilistic and its validity can be challenged in the court. In such a case,
our parameter 𝛽 can also capture the strength of 𝑃 2’s patent. See Choi
and Gerlach [33, 34] for such an analysis.

15Note that the log-concavity assumption on 𝑞(.) is not primitive, since
𝑞(𝑐) is defined as the profit-maximizing quantity given marginal cost 𝑐.
A sufficient condition, expressed in terms of primitives of the model,
is that the marginal revenue function 𝑀𝑅(𝑞) is strictly decreasing
and satisfies 𝑀𝑅

′(𝑞) + 𝑞𝑀𝑅
′′(𝑞) ≤ 0 for all relevant 𝑞. It is satisfied

by many commonly used demand specifications, including linear and
constant-elasticity demand.

16If the two periods are of equal length and 𝛿(< 1) represents the discount
factor, such a contract is feasible even without a reverse payment from
𝑃 1 to the licensee in the first period.

17This condition is satisfied provided that neither the probability of the
low-demand state nor demand in that state is negligible that is, when 𝛼

is not too close to 1 and 𝑃
𝐿
(𝑞) is not near zero. For instance, suppose 𝛼

is sufficiently high, with 𝛼 = 1 − 𝜖, where 𝜖 is arbitrarily small. In that
case, the optimal contract may prescribe exit by 𝑀 in the low-demand
state, which arises only with probability 𝜖. Demand uncertainty then
becomes effectively irrelevant for the design of the optimal contract,
resulting in a fixed-fee-only contract (with installment payments).

18If this condition is not satisfied, the licensee will simply exit the mar-
ket in the low-demand state. This condition can also be justified by

appealing to the licensee’s liquidity constraints, which may prevent con-
tinued operation under unfavorable demand realizations.

19For example, George Selden, a late-19th-century American patent
lawyer and inventor, is often regarded as one of the earliest “patent
trolls.” He delayed the issuance of his 1895 “road engine” automobile
patent for approximately 16 years, allegedly to maximize royalty extrac-
tion once the automobile industry began to expand. The term “patent
troll” itself gained prominence around 2001 after Intel was sued for
defamation for referring to a patent litigant as an “extortionist.” The
expression is widely attributed to Peter Detkin, then Assistant General
Counsel at Intel. I thank an anonymous referee for bringing this histor-
ical context to my attention.

20See, however, Ganglmair et al. [37] for an analysis of the limits and
potential unintended consequences of RAND commitments as a solu-
tion to the hold-up problem when innovators’ incentives are taken into
account. In contrast to our setup with a potentially unknown patent
claimant, their model considers a setting in which the manufacturer
is fully aware of the innovator’s patent. As a result, the manufacturer
would never find it optimal to use the patented technology without first
obtaining a license, since infringement would be willful and expose the
firm to treble damages.

21Disclosure requirements also have important limitations [38], partic-
ularly because they may create incentives for over-declaration. For
instance, studies by Goodman and Myers [39] and van Audenrode et al.
[40] suggest that only about 20 to 40 percent of the patents disclosed
to ETSI (European Telecommunications Standards Institute) are in fact
truly essential.
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Appendix A
Proof of Proposition 4. In line with the baseline model, we assume that
when 𝑀 and 𝑃 2 negotiate another bilateral licensing contract given the
original contract between 𝑀 and 𝑃 1 as given if 𝑃 2 enters. However, the
result does not change even if we assume that 𝑃 1 and 𝑃 2 compete in
Bertrand fashion and 𝑀 chooses the best contract. If 𝑃 2 does not exist,
then the market outcome is the same as in the first period.

Suppose that the initial licensing contract signed between 𝑀 and 𝑃 2 in
the first period contains a royalty rate of 𝑟1. Given a royalty rate of 𝑟1, 𝑃 2
can induce the manufacturer to switch to its technology if 𝑐2 < 𝑐1 + 𝑟1.
By applying the logic of Lemma 1, it can be easily shown that the optimal
contract between 𝑃 2 and the licensee is to include only the lump-sum
component without any royalty, that is,

𝐹2 =
𝜋(𝑐2) − 𝜋(𝑐1 + 𝑟1)

2
, 𝑟2 = 0.

Now consider the optimal licensing contract in the first period between
𝑀 and 𝑃 1 in the presence of potential substitute patent in the second
period. Suppose that a royalty rate of 𝑟1 is chosen in the first period. Given
the uncertainty surrounding the possibility of future infringement claims,
and anticipating the optimal contract that would arise in such a contin-
gency, the overall expected surplus available to be shared between 𝑃 1 and
the licensee under a royalty rate 𝑟1 is given by

𝑆1 =
[
(1 + 𝛿)

[
𝜋(𝑐1 + 𝑟1) + 𝑟1𝑞(𝑐1 + 𝑟1)

]

+𝛿
∫

𝑐1+𝑟1

0

𝜋(𝑐2) −
[
𝜋(𝑐1 + 𝑟1) + 𝑟1𝑞(𝑐1 + 𝑟1)

]

2
𝑑𝐺(𝑐2)

]

By using the Leibniz integral rule, we can verify that

𝑑𝑆1

𝑑𝑟1
=
[

1 + 𝛿

(
1 −

𝐺(𝑐 + 𝑟1)
2

)]
𝑟1𝑞

′(𝑐 + 𝑟1) − 𝛿𝑟1𝑞(𝑐 + 𝑟1),

which is negative for all 𝑟1 > 0. Thus, the optimal royalty rate is zero and
the initial contract between 𝑀 and 𝑃 1 only includes the fixed fee, which
is given by

𝐹1 =
𝑆1

2
||||𝑟1=0

= (1 + 𝛿)
2

𝜋(𝑐1) +
𝛿

2∫

𝑐1

0

𝜋(𝑐2) − 𝜋(𝑐1)
2

𝑑𝐺(𝑐2).

◽

Proof of Proposition 5. We show that our analysis is robust to general
bargaining power and the strategic royalty rate as a rent protection is
increasing in 𝜇2. With the same logic in the case of equal bargaining
power, the optimal contract between𝑃 2 and the licensee is to include only
the lump-sum component without any royalty, that is, 𝐹2 = 𝜇2𝜋(𝑐 + 𝑟1),
𝑟2 = 0, where 𝜇2 represents 𝑃 2’s bargaining power.

Suppose that a royalty rate of 𝑟1 is chosen in the first period. Anticipat-
ing the risk of rent extraction by potential future infringement claims 𝐹2,
the overall expected surplus available to be shared between 𝑃 1 and the
licensee under a royalty rate 𝑟1 is given by

𝑆1 =
[
(1 + 𝛿)𝜋(𝑐 + 𝑟1) − 𝛿𝛽𝐹2

]
+ (1 + 𝛿)𝑟1𝑞(𝑐 + 𝑟1)

= (1 + 𝛿)
[
𝜋(𝑐 + 𝑟1) + 𝑟1𝑞(𝑐 + 𝑟1)

]
− 𝛿𝛽

[
𝜇2𝜋(𝑐 + 𝑟1)

]

Then, 𝑃 1 and the licensee will choose 𝑟1 to maximize 𝑆1 while 𝐹1 is
negotiated to split the maximized surplus between 𝑃 1 and the licensee
according to their relative bargaining power. By proceeding as in the case

12 The Journal of Industrial Economics, 2026

 14676451, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/joie.70031 by Jay Pil C

hoi , W
iley O

nline L
ibrary on [15/06/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://ec.europa.eu/competition/sectors/pharmaceuticals/inquiry/staff_working_paper_part1.pdf
http://ec.europa.eu/competition/sectors/pharmaceuticals/inquiry/staff_working_paper_part1.pdf
http://ec.europa.eu/competition/sectors/pharmaceuticals/inquiry/staff_working_paper_part1.pdf
https://www.mmmlaw.com/files/documents/publications/article_234.pdf
https://www.mmmlaw.com/files/documents/publications/article_234.pdf
https://www.mmmlaw.com/files/documents/publications/article_234.pdf


of equal bargaining power in the main text, the first order condition can
be written as

𝑑𝑆1

𝑑𝑟1
= (1 + 𝛿)𝑟1𝑞

′(𝑐 + 𝑟1) + 𝛿𝛽𝜇2𝑞(𝑐 + 𝑟1) = 0 (A1)

Thus, we have
𝑑𝑆1

𝑑𝑟1

||||𝑟1=0
= 𝛿𝛽𝜇2𝑞(𝑐) > 0,

implying that any maximum of 𝑆1 is attained with the inclusion of a pos-
itive royalty rate 𝑟1. The optimal royalty rate is implicitly defined by

𝑟
∗
1 = −

𝛿𝛽𝜇2𝑞(𝑐 + 𝑟
∗
1)

(1 + 𝛿)𝑞′(𝑐 + 𝑟
∗
1)

> 0, (A2)

and we have
𝑑𝑟

∗
1

𝑑𝜇2
= −

𝛿𝛽𝑞(𝑐 + 𝑟1)
[𝑆.𝑂.𝐶]

> 0.

◽
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