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Abstract: This paper investigates patent licensing in vertically disaggregated industries,
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welfare will be greater if the patent holder's ability to license multiple parties along a
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significant policy implications. Under the legal doctrine of first sale, or patent exhaustion, a
patent holder's ability to license multiple parties along a production chain is restricted.
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by the US Supreme Court's granting certiorari in the Quanta case. Some commentators
have even argued that refusing to license to upstream component manufacturers may
constitute an abuse of dominance and thus infringe the competition laws. We find that
under ideal circumstances how royalty rates are split along the production chain has no
real consequence for social welfare. Even when we depart from ideal conditions, however,
we still find no economic justification for restrictions of the patent holders' ability to license
multiple parties or to license to downstream producers only.
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his paper investigates patent licensing in vertically disaggregated

industries, where patent holders may license to upstream producers

only, downstream producers only, or to both upstream and

downstream producers. We try to disentangle the impact on profits
and consumer welfare of these alternative licensing strategies. Will
consumer welfare be greater if the patent holder's ability to license multiple
parties along a production chain is restricted? What are the likely welfare
implications of a policy that mandates patent holders' to license to upstream
manufacturers only, thus prohibiting them to license to downstream
manufacturers, either in isolation or in combination with the upstream
manufacturers? These questions have significant policy implications and
constitute the base of the debate regarding the doctrine of first sale patent
exhaustion — whether, or more precisely when, the first sale of a product
embodying patented technology by the patent holder limits in some way the
patent rights, so that the patent holder cannot pursue any later purchasers
for a license. Its importance has increased since the summer of 2008, when
the U.S. Supreme Court issued its opinion for Quanta Computer et al. v. LG
Electronics, Inc. 1 Intel licensed patents from LG Electronics for methods
used in the manufacturing of its microprocessors. Quanta Computers bought
microprocessors from Intel for computer assembling but it did not license the
patents from LG Electronics, which responded by suing Quanta for
infringement. The court ruled that patent exhaustion does indeed apply to
method patents and thus applied to LG Electronics' patents as embodied in
Intel's components sold to Quanta Computers.

Issues of double payment and upstream/downstream rights have been
debated in ordinary patent cases as patentees have moved from licensing
component manufacturers to licensing their downstream customers. Some
commentators have said that in cases involving complex products with many
components, calculating a royalty base that is broader than the value of the
components covered by the patent may over-compensate patent holders
when the patent at issue covers only some components and those
components are not the sole drivers of consumer demand for the product
(LOVE, 2007). According to this view, a policy that restricts licensing to
upstream manufacturers may constitute appropriate public policy. Other
commentators have even argued that refusing to license upstream

1 Quanta Computer, Inc., et. al. v. LG Electronics, Inc., 553 U.S. 617, 2008 U.S. LEXIS 4702
(June 9, 2008). For a sample of the debate that has continued after the Supreme Court's ruling
in the case, see McCAMMON, 2009; MOTA, 2008; AUSTIN, 2009; OSBORNE, 2007-2008; and
BEARD, 2008).
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component manufacturers may constitute an abuse of dominance and thus
infringe the competition laws (VOLCKER, 2014).

The paper is structured in two parts. We start by showing that in a
frictionless environment — understood as an environment where all
information is public, firms are free to set prices for the goods they sell, and
negotiation among firms jointly maximizes the benefits of the parties involved
— the way in which a royalty rate is structured does not distort competition
nor diminish social welfare. Thus, in this ideal setting the patent holder
cannot use the royalty structure in an opportunistic way to affect market
structure or extract additional rents from downstream competitors or
consumers. In the second part of the paper, we discuss the impact of some
of the frictions that are, in reality, typically present in technology markets.
Even in this less-than-ideal environment, we show that it is still often in the
interest of both the patent holder and society as a whole to split the total
royalty burden among different parties in the production process. 2 For the
first part, we start by assuming a Pareto optimal bargaining process between
upstream and downstream producers. That is, we assume that the
negotiations taking place along the vertical supply chain exhaust all possible
gains to both parties so that no money is left on the table. We find that
different assignments of the royalty burden across the vertical supply chain
have no impact on social welfare and that it is instead the aggregate royalty
per unit sold in the downstream market that matters. We illustrate this
general principle, which we denote as "royalty allocation neutrality", first by
means of example. We show that neutrality operates in typical vertical
relations regardless of the market power the upstream manufacturer might
have, the necessary investments for production, or the possibility that the
upstream firm might also integrate a downstream production unit. To provide
intuition for this result, consider a situation where a patent holder charges a
royalty to both an upstream and downstream producer. The upstream
producer sells its component, which incorporates the patented technology, to
the downstream producer, who then sells the end good to consumers. What
happens if the patent holder shifts part of the royalty burden upstream,
raising the upstream royalty but lowering the downstream one so as to leave
the aggregate royalty unchanged? It turns out that the intermediate price the
upstream manufacturer charges the downstream party will rise to
accommodate the increase in costs that the upstream manufacturer incurs.

2 In both parts we are evaluating ex ante licensing negotiations, before potential licensees have
begun to make any products that might implement the patented technology and thus before any
irreversible investments have been made.
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In other words, the upstream manufacturer passes on the additional royalty
payment, exactly offsetting the cost-savings enjoyed by the downstream
producer from the lower royalty rate. This pass-through element is the
fundamental insight of Ronald Coase in his famous theorem on the
reallocation of costs to achieve an economically efficient outcome (COASE,
1960). The reallocation argument only holds, though, if there are no
transaction costs or roadblocks in the way of passing costs down the chain.
In many relevant instances, of course, roadblocks or transaction costs are
important. Therefore, we devote the second part of the paper to discussing
some of the likely implications of transaction costs on the optimal allocation
of royalties. In particular, we discuss two such frictions: the existence of
private information and the constraints firms may face in pricing the final
good (for example, if the upstream producer cannot price discriminate
among different downstream buyers).

To see how frictions can alter the analysis, consider the case of private
information. Royalty payments are typically predicated on the amount of a
good actually sold in the marketplace. The literature has proposed many
explanations for the predominance of these contracts, mainly related to
private information (LLOBET & PADILLA, 2014, and references therein). As
opposed to the sale of a physical good where total sales can be estimated
from the units of the input transferred, intellectual property allows for an
unlimited number of units. That means patent holders must be able to verify
the quantities sold. It also means that licensees can have incentives to
underreport sales in order to reduce their royalty payments. In this case,
enforcing the patent contract is more complicated and the patent holder may
strictly prefer to contract with multiple layers in the production chain,
charging each link a partial royalty. This is because the lower individual rates
reduce licensees' incentives to underreport royalty payments owed and the
multiple licenses provide several check points for verifying quantities sold.

Overall, the lesson from our analysis is that in most cases the division of
the royalty among the different firms in the production process has no impact
on social welfare. Different allocations will be more or less desirable
inasmuch as the total royalty they represent is higher or lower than what is
socially desirable. Charging just one versus charging multiple parties is not
the pivotal element for social welfare. In fact, in the presence of frictions, the
way the total burden is split is likely to reflect the cheapest and most
convenient way to implement licensing, which is bound to differ across firms,
industries, and sectors of the economy. In some occasions charging multiple
parties might be crucial to maintaining both economically justified rewards
and efficient licensing. In others, social welfare might be maximized if
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patentees choose to license upstream producers or downstream producers
only.

The remainder of the paper is organized as follows. The 2" Section
offers some examples of royalty allocation neutrality to clarify our ideas. The
3" Section then presents the general principles underlying royalty allocation
neutrality. The 4™ Section considers the implications of dropping the
assumptions required to obtain royalty allocation neutrality. We conclude in
the last Section.

Bl Some examples of royalty allocation neutrality

In the introduction we claim that royalty allocation neutrality is a general
property holding in markets where a patent holder can charge royalties to
firms that operate in different stages of the production process. In this
section, we discuss several examples that provide intuition on the
mechanism at work. In the next section we discuss the general model and
the assumptions behind the royalty allocation neutrality result.

To illustrate our analysis, we introduce the following generic market
structure. Consider a market where three firms operate: a downstream
producer D sells a final product to consumers according to a demand
function D(p); an upstream producer U sells a necessary input required by D
to create the final product (U might also sell a product in the final market);
and a patent holder H that can license its patent for a cost-reducing
innovation P to both D and U. For every unit of the final good that D
produces, it needs one unit of U's intermediate good, for which U charges s.
The total cost of producing the final good without the patented technology is
co- If the final good is produced with the patented technology, the total
marginal cost falls to ¢ < c,. 3 In exchange for a license to use P, the patent
holder H demands a royalty r;, from the upstream input producer U and a
royalty r, from the downstream producer D. 4 The first example describes
the simplest scenario.

3 Throughout the paper we will assume that c is sufficiently small so that even when the
upstream producer charges its monopoly price, production with the alternative technology is
unprofitable. In example 1, however, we show that the results do not hinge on this simplifying
assumption.

4 We abstract from all other license terms, but in reality most license contracts contain a host of
provisions of which royalty rates are but one.
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Figure 1 - Structure of the model
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Example 1: Bilateral negotiation

Suppose that the intermediate input price s is the result of negotiation
between the upstream monopolist producer U and the downstream
monopolist D. ® Furthermore, this negotiation is carried out following Nash
Bargaining, where U has bargaining power 8 (0 < 8 < 1) while D has the
reciprocal power 1 — S. For simplicity, we postulate a linear demand function
D(p) = 1 — p, although the result applies generally. The timing is as follows.
The patent holder H first chooses royalties 1, and r,. The upstream and
downstream firms then bargain over s and then the downstream producer
chooses the final price p.

Starting from the last stage, D chooses the price according to its profit
function, max,(p — (c + s + 1,))D(p), which is simply the price net of costs
multiplied by quantity demanded and which results in the profit maximizing
monopolist price p™ (s) = (1 + ¢ + s +1p)/2. With this price, the upstream
producer obtains profits I, (s) = (s — ;) D (™ (s)), which again is simply the
upstream price net of upstream costs multiplied by quantity demanded at the
given downstream price. Notice that without loss of generality we have
normalized the cost of the upstream producer to 0.

Working our way up the production chain, the equilibrium price for the
upstream component s is then determined by maximizing the function

max, (11, (s))” (11,(s))" ™", which yields the optimal intermediate price

S Since D is the only downstream producer, it is also a monopsonist buyer for U's good.
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s*=BA—-c—1r)+(2—-pB)ry)/2. This optimal intermediate price is
increasing in the bargaining power of the upstream producer in the relevant
range (i.e., the higher B, the higher s*). Note that to the extent that
bargaining power is positive, 8 > 0, the optimal intermediate price will strictly
exceed the upstream royalty rate ( s* > 1), resulting in the familiar problem
of double marginalization. Furthermore, s* increases when the downstream
royalty (r,) decreases, or when the upstream royalty (r;;) increases.

Replacing p™ (s) and using the demand function we obtain the optimal
quantity sold as ¢* = ((2—B)(1 —c—1, —1y))/4. As the equation shows,
the optimal quantity is decreasing in the total royalty, r; + 1, which operates
to increase the marginal cost of the downstream firm. Optimal quantity is
also decreasing in the bargaining power of the upstream producer, £3.

Profits for the patent holder H can be written as I1,; = (ry + 1) q", where
q" is, as observed before, a function of only the sum of 1, and r;. That is,
the distribution of the royalties between U and D is neutral from the patent
holder's perspective, only their sum matters. © In fact, it is easy to verify that
the optimal sum of royalties is characterized by

[1.1] r{;+r5:§.

Finally, notice that the previous computations assume that s* is such that
the downstream producer prefers not to buy the upstream product based on
the alternative technology, competitively priced at s, = c¢,. In particular, the
downstream firm will buy the alternative input only if s* > ¢, —c—rp. If the
intermediate price that results from the Nash bargaining does not satisfy this
constraint, firms will optimally set § =c, —c—r,. Substituting the final
quantity sold we obtain q* = ((2 — f)(1 — ¢,))/4. Hence, the patent holder
will maximize its profits I, = (ry +1p)q" subject to r; <§, where the
constraint ensures that the upstream producer obtains non-negative profits.
It is easy to see that the optimal combination of royalties is equal to the
production cost savings, so that r;; + 15 = ¢, — ¢, which, again, only depends
on the sum of royalties. 7

6 As pointed out before, these results generalize to other demand functions; e.g. the isolelastic
function.
7 If there are recurring costs to licensing, those would need to be included. Further, we assume

here that the patent holder's initial investments in R&D are covered by the aggregate royalty
rate.
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Several things are worth pointing out from the previous example. In the
negotiation process between the upstream and the downstream producer,
the intermediate price s exhausts the entire surplus that both producers can
achieve. In other words, the Nash Bargaining solution guarantees efficiency
of the outcome. The solution divides surplus depending on how the
bargaining power is allocated.

The bargaining power of each of the two parties is independent of the
way that royalties are allocated. In this way we rule out, for example, the
unrealistic possibility that the upstream producer is the one choosing the
intermediate price s (§ = 1) for some values of r, and ry, whereas the
downstream producer chooses the price for other values (8 = 0). Our setup
nonetheless allows for the possibility, for instance, that the upstream
producer is limited in its pricing choice by the presence of an alternative
input technology.

Finally, it is important to note that, although the intermediate price s leads
to an efficient allocation for the coalition between the upstream and the
downstream producer, the price chosen in the downstream market does not
necessarily accomplish the same goal. In fact, in the previous example, the
price that maximizes profits where both the upstream and downstream firms
are integrated corresponds to pM (1) = (1 + ¢ +ry +1p)/2. When firms are
separate, however, the double-marginalization distortion mentioned above
leads to a higher final price. This result would suggest that charging all of the
royalty downstream could benefit the patent holder. As it turns out, however,
this conjecture is not true, since the intermediate price s adjusts as the
upstream royalty rate changes. So, an important lesson is that double-
marginalization distortions are unrelated to the contract that the patent
holder might be able to offer and derive solely from the relationship between
U and D.

Note that the result regarding double marginalization does not hold if the
patent holder could charge a two-part tariff, consisting of a royalty rate and a
fixed fee. Even though the same royalty allocation neutrality result would
hold, because the patent holder could extract its rents through a fixed fee
that does not affect marginal quantity decisions, the license could undo the
double-marginalization arising from the relationship between the upstream
and the downstream producer by charging a negative royalty rate upstream.
In that case the downstream monopoly price (which is lower than the price
under double marginalization) would be attained, downstream quantities
would be higher, the upstream producer would be compensated for its
inability to charge a margin through the negative royalty rate, and the patent
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holder would be compensated through the corresponding fixed fees. That
said, while theoretically possible, negative royalty rates seem unrealistic.

Example 2: Raising rival's cost

Suppose that in the previous example the upstream producer, firm U,
also produces a substitute good to the one sold by the downstream firm D. It
is well-known that the upstream producer might raise the price of the input of
the downstream competitor as a way of increasing the benefit U gains from
the sale of its substitute product (ORDOVER, SALONER & SALOP, 1990).

To simplify the exposition and make the case for the raising-rival's-cost
argument more obvious, 8 we assume that the upstream producer has all
the bargaining power, g = 1, although the result would hold for a general .
Both downstream competitors face a symmetric downstream demand
Di(pi,v;) =1—-p;i—dp; for i,j=U,D and i#j, where the parameter
d € (0,1) measures the degree of substitution between the two products. ©
The upstream producer sells the final good at a price p; and incurs a
marginal cost of production ¢y = c+1y; +1,. Note that the cost of the
upstream producer includes both r; + 1, because this firm is vertically
integrated.

We adapt the timing of the model in the natural way. First, the patent
holder decides the royalties it charges to both upstream and downstream
producers. Second, the upstream producer chooses the price for the
intermediate input s and, finally, both manufacturing firms simultaneously
choose end market prices, p,; and pp.

We start from the final stage of the game. Both firms choose prices to
maximize profits. In particular, profits for the upstream producer correspond
to

[1.2] Ny (s,pp) = max,, (s — 1y)Dp(pp, py) + (Pu — ¢cy) Dy (Py, Pp)-

Notice that by choosing the price downstream (p,), the firm U also affects
how much it receives from its downstream competitor through the units it
sells in the final good market. Solving this expression we can observe that

8 This term was coined by SALOP & SCHEFFMAN (1983). When this increase in costs prices
the otherwise efficient competitor product out of the market it is usually referred as vertical price
squeeze.

9 All the results carry over to the case where products are complements, represented by d<0.
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the equilibrium in this last stage leads to prices p;; and pj,, both of which
increase as royalties (ry, 1p), the intermediate price (s), the degree of
substitution (d) or the cost of production (c) increase.

In Appendix B, we show that if we replace the prices in equation [1.2]
above with their formulae and then maximize with respect to the
intermediate good price s, we obtain an optimal intermediate price
s*(ry,1p,c,d) which decreases as either ¢ or 1, increases and which
increases as ry increases, if substitution d is sufficiently large. Furthermore,
it can be shown that s* + r, depends only on aggregate royalties, ry + rp,
not on either of the royalties individually.

Using the previous result, we obtain that the marginal cost of the
downstream producer, s*+ 1, + ¢, is only a function of the sum of the
royalties, in the same way that the production of a unit for the upstream
integrated firm entails a royalty payment of r; +r,. It is immediate,
therefore, that the equilibrium quantities g, and g, are a function only of the
sum of the royalties. Since profits for the patent holder arise in this case from
total royalties multiplied by total quantities, I, = max,,,, (y + 1) (q; + qp),
it must be the case that only the sum of the royalties matters. In particular, it
can be shown that profits are maximized if the sum of royalties is equal to a
particular combination of costs and substitution, given by

My = max(ry +15)(q5 + 4p)-
TurD

Notice that the sum of these royalties falls as the marginal cost of
production ¢ falls and as the degree of product differentiation falls (or in
other words, the sum of royalties rises as the degree of substitution d
increases). Of course, when products are independent d=0 and this
expression corresponds to the one given by [1.1].

* * %

The previous example shows why the principle of royalty allocation
neutrality holds even in markets where upstream manufacturers are
vertically integrated and there are a number of downstream competitors.
Even when the patent holder charges a different combination of royalties up
and downstream, the upstream manufacturer responds by changing the
wholesale price s so as to leave the total input cost for the final product,
s* + 1y, unchanged. It is in this sense that we say the aggregate royalty is
the key variable, not the individual rates.
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Example 3: Double-sided moral hazard

Consider next a model where effort plays a role in product success.
Suppose that in the first example, before the upstream and downstream
producers bargain over the price s at which they will exchange the input in
the final production process, both firms need to make an investment. The
cost of this investment is e; (for i = U, D) and it leads to a probability of
success, P(ey) P(ep), where P is increasing and concave in its argument. 10

Net profits for the upstream and downstream producer are equal to the
probability of success multiplied by the normal profit (which is a function of
the royalty rates paid) minus the effort investment. This can be written as,
respectively for the upstream and the downstream firm, i = U,D, ;(ry +
1p) = max,, P(ey)P(ep)m;(ry + 1) —e;, Where the profit functions my(ry +
rp) and m,(ry +1,) are the profits obtained when the investment is
successful. Recall that we demonstrated above that these two equations
depend only on the sum of the royalties. It is immediate, then, that the efforts
exerted by the upstream and downstream producers are independent of the
way the royalties are allocated among the two and again only the sum
matters. Of course, the same result would arise for more general forms of
complementarity between the effort of the upstream and the downstream
producers or even in the case in which this complementarity does not exist.

Finally, notice that this setup also includes the case where only the
investment of one of the parties is required, as it would correspond to e = 0
for the other one.

This last example illustrates why the neutrality principle still holds in the
presence of a moral hazard. As long as the Nash Bargaining process works
to maximize the two manufacturers' joint profits, there is no role for the
patent holder H to manage effort levels by manipulating the royalty rates.
These few examples lead us to a general principle of royalty allocation
neutrality, which we explain next.

10 LAFONTAINE (1992) shows that double-sided moral hazard characterizes, for example, the
relations between franchisees and franchisors.
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Bl The general principle of royalty allocation neutrality

The previous examples, although quite different in nature, share two
common features that turn out to be crucial for royalty allocation neutrality.
The first is the fact that different allocations of individual royalties do not lead
to changes in the overall profits attainable by a coalition between the
upstream and downstream producer. In other words, the same sum of profits
can be achieved by appropriately changing the intermediate good's price s
for different divisions of the same total royalty burden.

The second feature has to do with the way the total surplus is allocated
among the parties. In the previous three examples, the allocation of the
surplus was efficient. Using the Coase Theorem, and its famous insight on
the reallocation of costs, it is immediate that the total final quantity should be
independent of who is paying the cost of this production. 1! Most important
for our purposes is the fact that the rule governing the allocation of the
surplus is independent of how the royalties are allocated. As pointed out
before, however, if the upstream producer had price setting power for some
values of r, and r; but not for others, the results would certainly vary.
However, find this scenario unlikely.

Figure 2 illustrates these two features. The solid line corresponds to all
the possible allocations of profits among the upstream and downstream
producers. These allocations are spawned by the different values of s.
Profits for the upstream producer range from I, which are the profits
obtained when it has all the bargaining power, to 0, which hold when s =
or else when s is so high that the quantity sold is 0. Notice that the first case
corresponds to the maximum profits that the downstream producer can ever
achieve (in the figure labeled as I1¥). In the other case both profits are 0.
Efficient negotiation rules out all values of s higher than the monopoly one,
which generate outcomes in the region where I, < II,.

11 Notice that we are making use of the so-called "strong" version of the Coase Theorem that
states not only that the outcome is efficient but also invariant to the assignment of property
rights. Here, the theorem applies to the relationship between the upstream and the downstream
firm. Because the negotiation process leads to an efficient outcome that divides the total surplus
according to the bargaining power of each of the parties, the final allocation only depends on
the total royalty payment and not on how the patent holder structures these payments among
the two firms. The price of the input adjusts to any change in royalty structure, leading to an
invariant allocation (in this case, the quantity being produced).
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Figure 2 - Division of profits for a given royalty sum r, +r)
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It is important to notice that for a given level of r; + 1, this set is
unchanged regardless of the way the individual royalties are allocated. In
other words, if this set arises for a certain combination (ry, 1), it will also
arise for the combination (r;,r;) as long as the sum is the same (i.e.,
r; =1y +¢eand r) =1, — &) and the wholesale price s is simply replaced by
s'=s+e.

The dashed curve in Figure 2 shows the objective function that the Nash
Bargaining solution maximizes. The point at which both curves are tangent
determines the outcome. A higher value of 8, meaning more bargaining
power for the upstream producer U, leads to a higher value on the solid line,
getting closer to the upstream monopoly allocation (I1,, I1%), achieved when
B = 1. In other words, when the upstream firm behaves as a monopolist it
charges an intermediate price, which is sufficiently high so as to maximize its
profits. Of course, if s is too large, profits for both parties decrease. More
bargaining power for the downstream producer (a lower B) generates
allocations that tend towards downstream monopoly (0, I1¥), achieved only
when B = 0. Clearly, for the allocation of royalties to be neutral we require
that bargaining power 8 does not depend on either royalty rate r; or rp, or
alternatively that § depends only on their sum, but this independence strikes
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us as a natural assumption. The previous intuitions allow us to state the
following general result (proven in Appendix A).

Proposition 1: Royalty allocation neutrality

If the final price of each good is increasing in its marginal costs and the
negotiation between the upstream and downstream producers has the
following properties:

- the outcome is Pareto optimal for the coalition, and

- expansions of feasible combinations of profits cannot make any of the

parties worse off,

then, the final allocation depends only on the sum of the royalty charged
for the upstream and the downstream producer of each good.

Notice that our previous examples naturally satisfy these conditions. The
Nash bargaining solution that is assumed (cases where the upstream firm
acts as a monopolist or the downstream firm as a monopsonist are particular
examples) always leads to efficient outcomes. Furthermore, the price of the
intermediate good is such that each firm's profits are increasing in the total
surplus divided between the upstream and the downstream firms according
to the bargaining weight .

The proof developed in the appendix is based on the fact that under the
conditions stated in the text of this proposition, the upstream producer
optimally adapts the intermediate price, as shown in example 2, to exactly
offset the impact that changes in the distribution of the total royalty have on
the marginal cost perceived by the downstream producer. In other words,
the upstream producer optimally chooses s* so that the sum s* + r, depends
only on the sum of the royalties. Thus, the final price and the total number of
units sold will change only if the sum of the royalties change.

B Deviations from royalty allocation neutrality

As we explained in the previous section, royalty allocation neutrality
hinges on the flexibility that the upstream and downstream producers have
to adjust the wholesale price s in order to compensate for different royalty
allocations by the patent holder. Implicit in this argument is the idea that
negotiation is frictionless and its outcome cannot be improved upon. But
oftentimes it is not realistic to assume that negotiation will lead to a Pareto
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optimal outcome; the quest for individual profits might destroy overall value.
Similarly, Pareto efficiency might break down due to technological or
institutional constraints that may limit pricing flexibility, for example, for the
upstream producer vis-a-vis the downstream manufacturer. In those cases, s
cannot be adjusted at will to maintain joint profit maximization. In this section
we elaborate on these two reasons for royalty allocation neutrality to fail, and
we illustrate them with variations of Example 1.

Regarding the first case, we focus on information asymmetries that are
likely to appear and that might affect contract enforcement. In particular, if a
patent license contract includes a percentage royalty rate or a per-unit fee —
terms that are used commonly in patent licensing — then the patent holder
has a strong interest in setting the base for the royalty calculations on
observable or verifiable quantities that licensed firms sell. Ambiguity over the
relevant quantities sold, and hence over the basis for royalty payments, is an
important difference between the licensing of intellectual property and the
sale of a physical input.

Oftentimes the relevant quantity sold is not easily verifiable. Centralized
exchanges are not very common and when they do exist they only channel a
limited proportion of the total units sold. The bulk of transactions are carried
out using private long-term contracts. But even with established long-term
contracts, for many technology products the sale of intermediate
components is difficult to monitor. In fact, this is an important concern for
many firms and has triggered the development of tracking systems for
individual units (or boxes) being sold for licensing purposes. For example,
one firm instituted a license whereby a box can only be shipped if proof of
the license is displayed on the outside. 12

Even where monitoring sales is relatively easier, it can be difficult to
identify the exact goods covered by a license. Manufacturers often sell a
myriad of similar yet different products, so determining which do and which
do not incorporate the intellectual property licensed can be difficult and
expensive. This is especially problematic for complex high technology

12 such a per batch licensing system has been introduced by Phillips (who dubbed the program
VEEZA) in place of its previous CD-R Disc Patent License Agreements. With VEEZA, a
separate license is obtained for each shipment. The shipments are marked with a unique code
that signals to the traders and retailers that the merchandise is licensed. See Philips Intellectual
Property & Standards, Licensing at:
http://www.ip.philips.com/licensing/program/77/bd-r-disc-philips-patents-only-veeza.
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products, such as goods that incorporate multiple semiconductor chips and
thus tend to rely on hundreds, if not thousands, of patents.

As a result of these complications, when the relevant quantities are not
directly observable the patent holder may choose to monitor one or several
stages of the production process to improve information collection. For
example, if monitoring is costly, it may make sense to concentrate effort in
the stage where this cost is lowest. The cost of monitoring the level of
production might be different depending on the number of players in the
market or the closeness to the final consumer. In particular, in markets
where upstream prices are obtained as the result of private negotiations but
downstream prices are posted and publicly available, monitoring is likely to
take place in this last stage.

More interestingly, the patent holder might often want to charge royalties
at the different stages of the production chain if splitting fees in this fashion
allows the firm to obtain additional estimates of the quantity sold that
complement the direct observation gathered through monitoring.
Alternatively, setting royalty rates in each stage might increase the odds of
obtaining accurate information (i.e., reduce the incentives of licensees to
underreport). Timing might play a role as well if negotiations with a
downstream producer, say, can take place at a later date, when the
downstream firm knows its needs better, whereas at the time of negotiations
with the upstream producer the downstream needs would have to be
forecasted.

Furthermore, the patent holder may prefer a spread allocation of the
royalty burden due to the differences in the cost of enforcing a licensing
contract. In case of a dispute, say because the licensee refuses to fulfill its
payment obligations, the patent holder has different leverage depending on
the characteristics of the licensee. Injunctions might be more effective
against those firms for which the product incorporating the patent is highly
profitable. This threat alone might often be enough to allow the proper
enforcement of the contract. As a result, if enforcement is an important
concern, the patent holder may want to shift the royalty burden towards
those stages in which licensee competition is weaker and the price margin is
higher. In technology markets, these high-margin stages are often the ones
closest to the final consumer, where product differentiation makes
competition less fierce. The next example outlines many of the forces that
we have discussed so far.
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Example 4: Asymmetric information

Consider the model presented in Example 1, and for simplicity assume
that § =1 so that the upstream producer has all the bargaining power.
Assume that the patent holder does not observe the final quantity sold,
which is only observed by the upstream and downstream producers. The
patent holder knows, however, that the demand for this product will be high
(represented as D(p) = 1 — p) with probability v and low (represented as
D(p) = 0) with probability 1 —v.

High demand corresponds to our original Example 1, thus the upstream
and downstream firms will operate under the same strategy as they did
there. Denote their profits, gross of royalty payments, as n; and n,. When
demand is zero, the prices chosen will be irrelevant and profits will be 0. The
patent holder, however, without a monitoring mechanism cannot distinguish
between these two outcomes and thus will never obtain any royalty
payments, since both firms will claim that the low realization of the demand
occurred in order to avoid paying royalties. Profits for the patent holder are,
thus, 0.

Suppose now that the patent holder has access to a monitoring
technology, such that spending amounts k; and k, allows him to verify
through the upstream or the downstream stage, respectively, which
realization of the demand occurred. Clearly, in this case, the patent holder
will maximize profits by monitoring only the stage of the process where this
cost is lowest.

Alternatively, the patent holder might be able to impose a cost on firms
misrepresenting their sales figures. For illustration purposes we assume that
this cost is fixed and equal to F > 0. The patent holder can use this threat to
elicit the private information that licensee firms possess. (See Appendix C
for an application of our model framework to private information.)

In particular, consider the following contract that the patent holder can
establish. A royalty is charged in both stages of the process. The patent
holder requires each firm to declare the number of units being sold. If both
firms make the same assessment, the upstream and downstream firm pay a
per unit royalty r; and r,. If firms differ in their assessments, the firm that
has declared a demand of 0 is fined an amount F. The other firm pays a
royalty for the units it declares to have sold. The payoff matrix when the high
demand realization has occurred reads as shown in Table 1.
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Table 1 - Payoff matrix

D
High Low
u High Ty —Tyq,Tp —7pq Ty —1yq,mp — F
Low ny —F,mp —1pq Ty, Tp

Notice that with the existence of fines, declaring that demand was high
becomes a Nash Equilibrium as long as F is sufficiently high. In cases where
charging the total royalty in one of the stages does not satisfy these
constraints, the allocation that splits it in the different stages may prevent
firms from misrepresenting their sales. Of course, even when this penalty
exists there is a Nash Equilibrium where both firms declare that demand was
low regardless of a true high realization.

* k k

The second source of friction that might break royalty allocation neutrality
is related to technological or institutional limits in the way that the
intermediate price may adjust to changes in the royalties. In the limiting
case, if U had no control at all such that s were exogenously determined,
and no pass-through were possible, different ways to split the total royalty
would lead to different final allocations. More interestingly, consider the case
where a single upstream producer sells to several downstream firms. In this
case, royalty allocation neutrality would mean that the profits for all parties
would be the same regardless of whether the patent holder charges a royalty
upstream and (possibly) different royalties downstream or it only charges a
royalty upstream and the upstream producer modifies the price of the
intermediate product appropriately. However, it is often the case that the
upstream producer is serving several downstream producers for which the
same input has a different added value. If, due to arbitrage or antitrust
considerations, the upstream firm cannot charge different prices
downstream, in contrast to what a patent holder might be able to accomplish
using individual licensing negotiations, royalty allocation neutrality will fail.
Furthermore, the upstream producer will tend to raise its intermediate price
in a way that makes the double-marginalization problem more severe,
reducing as a result both profits and consumer welfare.

Example 5: Arbitrage

Go back again to Example 1 in a much simpler setup, where the
upstream producer has all of the bargaining power, g = 1, and the licensed
technology brings production costs down to zero, ¢ = 0. Assume that the
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upstream firm serves two downstream producers. Each downstream
producer sells to one consumer willing to buy one unit. The consumer in
market 1 has a valuation 8,, while the consumer in market 2 has a lower
valuation, 6, < 6,. It is immediate that the optimal contract in this case will
call for the sum of the royalties to equal each valuation in turn, with
intermediate prices s adjusting accordingly: 1y, + 151 = 04, 1y, +1p = 03,
5y =1y, and s, =1y;.

Assume now that the upstream producer, due for example to arbitrage,
cannot price discriminate between the two downstream firms and is forced to
sell in both markets at the same intermediate price, s; =s,. The optimal
allocation can still be attained if all the royalty burden is shifted downstream
so that ry; =1y, =0 and thus s, = s, = 0. If this possibility is precluded,
however, the upstream producer will need to choose between an
intermediate value of s that will reduce profits from market 1, or if the
difference between the two downstream valuations 8, and 6, is sufficiently
high, the upstream producer can decide to sell only in market 1. As a result,
the patent holder will obtain lower profits and social welfare will surely
decrease since market 2 will be left underserved or unattended altogether.

* k k

As the previous example points out, in practice, this sort of friction is
likely to arise when there is important heterogeneity in the uses (and the
corresponding valuation) of the intermediate good produced by the upstream
firm. This is likely to be the case for goods that have a general span of uses
or markets for highly differentiated final products. The prediction of the
model is that in this case the patent holder will tend to shift (at least some of)
the royalty burden downstream. In this situation, different contracts can be
written for firms with different needs.

B Conclusions

Motivated by the arguments raised during the Quanta case, we have
attempted to present a comprehensive analysis of the economics of patent
licensing in a vertical relations environment. In an ideal setting, with no
transaction costs or asymmetries of information, we find that the division of
royalties among the different firms in the production process has no impact
on social welfare. Different allocations will be more or less desirable
inasmuch as the total royalty they represent is higher or lower than what is
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socially desirable. Charging just one versus charging multiple parties is not
the pivotal element for social welfare.

But the idealized world presented in our benchmark case is likely to differ
from the market reality. For instance, technology markets may be
characterized by private information or wholesale pricing constraints. Even
here, though, there is no justification for placing restrictions on the ability of
patent holders to split fees among multiple production layers. In fact, in the
face of transaction costs and frictions, a strict interpretation of first sale
patent exhaustion is likely to generate welfare losses in the economically
justified reward and efficiency dimensions of licensing discussed in the
introduction. The reward from innovation decreases because the patent
holder will likely obtain lower profits and efficiency will be reduced if the
restrictions reduce the diffusion of innovations in downstream markets.

We have identified several environments where the costs of a strict
application of the first sale doctrine are likely to be relevant. The main one is
related to informational asymmetries between the patent holder and the
upstream and downstream producers. These asymmetries are likely to be
particularly relevant in the case of technologies that have a range of
applications, that can be embedded in a variety of products or that are used
in combination with other products. Similarly, the reward that patent holders
receive from their innovations is likely to be affected by licensing restrictions
when the need to price disciminate in the downstream market is more
important. In that case, a patent holder might do better in terms of screening
different applications of the patented technology, in ways that upstream
producers might be unable to replicate.

We have also found that when volume information is private or when the
upstream producer cannot price discriminate between downstream
producers, it may be in the interest of both the patent holder and consumers
to allocate all the royalty burden to the downstream producer. Our findings
fail to support the position of those that claim that a policy that restricts
licensing to upstream manufacturers in cases involving products that
integrated many components may constitute appropriate public policy. Our
results also show that refusing to license to upstream component
manufacturers may be welfare enhancing and, in that case, would not
infringe competition laws.

Our analysis also applies to other forms of intellectual property. For
example, the issues addressed in this paper regarding the division of the
total patent royalty are closely related to those that arise in the literature on
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the European doctrine known as droit de suite (DDS). The DDS rule — which
began in France in the 1920s and over time was adopted in many European
countries — guarantees a royalty to the creator of a work of art over the price
obtained in its future resale. Some authors, such as GINSBURG (2005),
have raised a theoretical concern that DDS rules might reward authors in the
phase of their careers when they are relatively less productive and might
also distort the market by diverting artworks from DDS-friendly countries
towards those where artists do not receive such a royalty. In contrast,
applying our royalty neutrality analysis to DDS implies that the prices initially
paid to an artist would adjust to reflect expected DDS payments made in the
future. Empirical studies of DDS rules are consistent with our conclusions. In
particular, the evidence presented in papers such as GRADDY &
BANTERGHANSA (2011) show that the impact on future prices for artwork
covered by DDS is negligible, as are any trading volume effects. If anything,
the quantitative studies indicate that trading volume increases more in DDS-
friendly countries.

Appendix A - General Royalty allocation neutrality argument

Proof of Proposition 1. Consider a market where firms i=1,..,/ each produce one
downstream product and j=1,.,J firms each produce one upstream component. A
patent holder owns intellectual property necessary for the production of the good.

Assume that the marginal costs of production are c;, and cé for the upstream and the
downstream good producer, respectively. The patent holder charges a royalty rl} and
rD’ to upstream and downstream producers. Finally, upstream producer j charges to

final good producer i a prices; ;.
jy) DU
Denote as {Tu }j:1 and {rD }j:1 a combination of royalties that maximizes profits for

the patent holder. Denote as qz‘_]- the quantity that downstream producer i buys from
upstream producer j and sE‘,j its price. Profits for the patent holder can, therefore, be

written as
1 ]
My, = ZZ(rJ* + 15 )ai;

i=1j=1
J * i*
where ¥ q;; = D(pk).
. . . . in/ i/
] ]
Royalty allocation neutrality means that any other combination {rU }j:1 and {r[, }j:1

with ;' >0 and 7§ =0, and )" + 1% =1)" +r{" for all i, j leads to the same
profits.
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Towards a contradiction, assume that this is not the case and that the contract with
. irn/ i/ . )
J! ! !
royalties {r;) }j=1a”d {rg}jzl, upstream price s; ; and final sales sales g; ; produces
strictly lower profits. Then, it must be the case that there exists at least a final good,
say good i, for which total sales are lower under the alternative contract. Lower sales
imply a higher final price for product i. Since prices are increasing in the cost of the

product, there is at least one upstream producer, say firm j, for which ré’ + si’,j >
'+ si;.

That is, the downstream producer is facing a higher total licensing cost of buying
from the original upstream firm, and it might (or might not) switch to another provider.

Under the alternative contract, the total profits that firm i and j split can be written as
. : . 1
(pbr _ (ClJ] + Cll) + riD, + TL{ )) q{,j,

where, by hypothesis, qi’,j < qi*‘j. It is then immediate that the intermediate price si’,j
does not maximize profits for the coalition between firm i and j, since by choosing
§=rt— rg + s;; total profits to be divided would have increased. Given that we
have assumed that the profits of each of the firms cannot decrease when the feasible
set expands, the original intermediate price si’,j could not have been Pareto optimal
at this stage, leading to a contradiction.

Appendix B - The Raising Rival's cost example information

In this appendix we reproduce the calculation leading to the results stated in
Example 2.

In the last stage the upstream and downstream producer choose prices
simultaneously to maximize
Iy (s, pp) = maxy,, (s —1y)Dp(Pp, py) + (py — (¢ + 1y +1p))Dy Py, Pp)
and
Ip(s,py) = maxy, (pp — (cp +s +1p))Dp (Pp, Pu)-

The resulting equilibrium prices are
. 20 -dyry+ 2+ d)rp, +3ds+ (1 +c)d + 2c + 2

Pu 4— gz ’
, dd-dDry+QR+dp+s)+ A +c)d+2c+2
Pp = 4 — 42 ’

After replacing these prices in the profits of the upstream producers we can now
maximize with respect to s and obtain
« _ (3a*-9d3-2d%+16d-8)ry+(d*-d3+8d—8)rp+cd*—cd3+d3+8cd—8c+8

- 2(d—4)(d-1)d(d+1) )

S

The resulting quantities, once we replace s* in the prices above are
. . % (d+2)[(d-1)(ry+rp)+cd—c+1]
qy = Dp(pp, py) = Z(f_d)n '
2(d-1D[(d-1)(ry+rp)+cd—c+1]

2(4—d)

qp = Dy(py,pp) =
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where we notice that both quantities depend only on the sum of the royalties.

As a result, the profit maximization of the patent holder,
max (ry +1p)(qy + qp)
{rurp}

depends only on the sum of royalties. Among them the optimal one is stated in the
text.

Appendix C - Optimal royalties under private information

Proposition 2. Consider a private information game where the patent holder
chooses in the first stage ry and rp, and where the upstream and downstream
licensees do not observe the royalty imposed on the other firm. In the second stage
the upstream producer chooses an intermediate price s (that is § =1). The
downstream firm faces a demand function D(p) = 1 — p, as in Example 1. Then, the
aggregate royalty that maximizes the patent holder's profits is identical to the one
obtained in the Example 1.

Proof. Consider the case in Example 1 with § = 1. We start with the last stage of the

game. Given rp and s the downstream producer chooses a price for the final product
% 1+c+rp+s . . % % 1-c-rp—s

pr=— The quantity produced is ¢* =1 —p* = —

In the second stage, after r; and 1, have been chosen, the upstream producer has

beliefs p regarding the (unbserved) r;,. Given those beliefs, the chosen s solves

l—c—p-s

max(s —ry) —————,
s 2

resulting in s*(p) = @.

In the first stage, the patent holder maximizes

1-c-2rp+p-r
max,, ,, (ry + 1p)q" = max, ., (ry + 1p) ————=.

4
It is easy to observe that for a given r; + 1, profits are increasing if 1y is increased
and 1, is decreased. Therefore, profits are maximized if the latter is chosen at its
minimum. That is, 7, = 0. Since in equilibrium p = 1}, the profit function becomes
l—c—1y
Ty
which results in 1) = %
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