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Abstract
We consider a network that intermediates traffic between the consumers and the
providers of free content. Two-sided pricing of consumers and content providers allows
the network to extract profit and transmit information on the social value of content.
Profit-maximizing tariffs give content providers the option of sponsoring the consumer
traffic. We show that a cost-oriented price cap on the charge to content providers
improves social welfare; in contrast, banning discrimination or imposing zero price for
content providers yields suboptimal outcomes when the content is sufficiently valuable.
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Introduction

Pricing of traffic on the Internet is the subject of intense debate between contrasting views
of how the physical network operators should treat various content and of the relationship
between content providers and Internet service providers (ISP) which manage the network.
Efficient traffic management requires that the Web’s various actors internalize the costs or
benefits they impose on the ecosystem. In this paper we discuss optimal network management
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methods — in particular with regard to how network usage should be priced — when direct
communication about those costs and benefits is difficult.
To see how this problem differs from standard pricing problems, let us start by taking a
global perspective on the optimal pricing strategy for consumer content. The Internet can
be seen as a three-party business whereby content providers and consumers use the network
to trade. This trade creates some costs (mostly for the network) and some benefits both
for consumers and content providers either directly, as when consumers pay for usage, or
indirectly, as when the presence of consumers generates ad revenues. When the presence
of these consumers results in either costs or benefits, it is natural to suppose that content
providers and the network could adjust their respective prices to deter or foster consumer
usage. Yet, there are two major factors that impede such adjustment. First, many websites
are free and so cannot use prices to induce the behavior desired of consumers. Second,
websites are prone to differ in terms not only of the cost they impose on the network but also
of the benefits they create. Moreover these benefits will probably not be assessed correctly
either by consumers or the network, which compromises the efficient use of the network
capacity. In this work, we derive the network’s optimal pricing strategy when websites differ
in the social value they generate and cannot directly affect consumer behavior via price.
We explore how network tariffs that target both consumers and content providers can be
designed to ameliorate the misallocation problem of network capacity while yielding useful
information to promoting efficient network use.
Toward this end, we model a network that intermediates the traffic between content
providers and consumers. Content providers receive a benefit proportional to traffic, such
as advertising revenue or direct utility for the producer, but do not charge a retail price for
content. This benefit is heterogenous, with high-benefit and low-benefit content providers,
but is private information of the content providers. Furthermore, the total benefits depend
also on the usage level chosen by consumers. Because consumer usage increases the network’s
cost, a price can be charged to one or both of the parties involved in traffic generation. When
only consumers are charged, we refer to one-sided pricing; when both consumers and content
providers are charged, we refer to two-sided pricing. We assume throughout that the network
can charge a hookup fee to consumers1 and in most of the paper we assume that the network
is a monopoly facing consumers with inelastic participation.
In the absence of regulation, the network chooses two-sided pricing and discriminates
between various content types by charging higher prices to high-benefit content providers.
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In most countries, fixed and mobile network operators offer consumers a menu of tariffs with different
traffic allowances (i.e. nonlinear tariffs). In this case we can interpret the traffic price as the implicit price
of data in the package (as in our model consumers can anticipate the total volume of traffic).
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Discrimination is possible only when the network can personalize each content type’s consumption level by proposing different prices to consumers. The network will then allow
content providers to choose from a menu of two-sided tariffs, that are then transparent to
consumers. We refer to this practice as “sponsored pricing” because the price paid by consumers falls in response to a higher price paid by content providers. This practice is similar
to the attempt of AT&T’s Sponsored Data program to require that content providers pay
for the data used by their customers. In this scenario the data generated by consumers of
a provider that subscribes to the program are not counted in the subscriber’s own monthly
data limits. These zero-rating agreements have become common in mobile telecommunications especially for video streaming, online music services, and popular contents.2 Zero
rating has raised concerns of discrimination and is the object of an intense debate among
Internet actors and regulators.3
We show that these practices emerge naturally as a correction for allocative inefficiencies
arising from the absence of some prices (here the price of content).4 Given the network’s
menu, each content provider must trade off the volume of consumption against the cost
of traffic. In this setup, the high-benefit content providers will sponsor consumption while
other providers will prefer to reduce their costs by letting consumers pay for traffic. The
different prices that result allow to transmit a signal to consumers based on the information
extracted from the choice made by content providers. The mechanism improves efficiency
by facilitating the transmission of information between content providers and consumers.
Despite improving efficiency, the menu of prices results in socially suboptimal consumption levels. This outcome follows because the network is a bottleneck for consumers access
and so may charge excessive prices to content providers. We shall discuss some forms of
regulatory intervention. First we show that imposing a price cap at unit cost on the price
charged to content providers always improves welfare. We then examine the effects of preventing discrimination — that is, of forcing the network to offer a single pair of tariffs with
one part to be paid by consumers and the other by content providers. Such uniform pricing
prevents the network from adjusting consumption levels to the type of content. Since rents
cannot be extracted from the most valuable contents without excluding the low-benefit contents, it follows that there will be more exclusion under uniform pricing than in the case
of sponsored pricing. We therefore show that a ban on sponsored pricing reduces welfare if
2

This is the case not only in developed countries but also in developing countries where widely used
applications (e.g. Google, Facebook, Twitter, Wikipedia) sponsor zero-rating plans.
3
Regulators have declared zero rating to be anti-competitive in Canada, Chile, Norway, the Netherlands,
and Slovenia. See the OECD’s Digital Economy Outlook for 2015.
4
In this paper we abstract from anti-trust issue that may arise from discriminatory practices — in particular market foreclosure. See however our conclusion on this point.
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the benefits that contents generate are large enough. In addition, we show that imposing a
one-sided tariff with a sponsoring option is socially dominated by a cost-oriented price cap;
the same conclusion holds for a one-sided tariff without sponsoring as long as that content
providers derive large benefits from consumption.
We extend the analysis in two directions. First, we discuss the case of elastic demand and
competing networks. We show that, as long as the heterogeneity between ISPs is not content related, competing networks will still choose to propose the sponsored pricing program
derived in the benchmark case in order to maximize their profits. We also show that elastic
consumers participation argues for less regulation. Indeed, under a laissez-faire regime, the
network will pass on to consumers more of its gains from content providers, which should
increase consumers participation.
Second, we discuss a more general model that accommodates content providers differing
in terms of both the benefit and cost they impose to the network. This added dimension of
heterogeneity is yet another motive for using sponsored pricing to transmit information, since
it allows consumers to factor in their traffic cost when deciding on their usage level. Therefore, welfare is increased thanks to the signaling role played by the presence of differentiated
offers.
Our work is first related to the literature on two-sided markets (see Caillaud and Jullien,
2003; Rochet and Tirole, 2003, 2006; Armstrong, 2006) in that we aim at characterizing
the optimal pricing for each side of the market, content providers and the consumers. We
combine the participation model of Armstrong (2006) and the usage model of Rochet and
Tirole (2003). In our basic model, the total number of agents on the consumer side is fixed
and their consumption is affected only by the price and number — or more precisely the
types — of content providers on the market. On the content provider side, profit depends
not only on the network charges it must pay but also on the number of consumers and the
price that they are charged by the network. And the number of content providers can vary,
in part because low-benefit providers may be priced out of the market by network charges.
Some contributions in the field of telecommunication have studied the sender–receiver
pricing structure. This literature emphasizes the importance of “call externalities” and
hence of the social benefits associated with using positive receiver prices (Jeon, Laffont and
Tirole, 2004). Hermalin and Katz (2004) develop a related idea while focusing on how best
to deal with the uncertainty about the private value of exchanging messages and the gaming
— namely the choice to call or to wait for a call — induced by the tariff structure. In
our paper, the structure of communication is different because it is the receiver (i.e., the
consumer) who always initiates the communication. Another difference is that, in our setup,
only the sender learns the true benefit of this communication.
4

The literature on the Internet price regulation has been driven by the debate over net
neutrality and the optimal way to price content providers and consumers (see e.g. Economides and Hermalin, 2012). One point emerging from two-sided market models is that, even
though laissez-faire can be shown to result in inefficient pricing, the precise nature of an
intervention that would foster efficiency is unclear (Economides and Tåg, 2012). While neglecting the investment question (on this point, see e.g. Choi and Kim, 2010; Hermalin and
Katz, 2009), we direct our attention to the efficient management of current resources when
the benefit of consumption is uncertain. By focusing on the information revelation aspect
of prices, we offer a new perspective that complements previous studies on the effects of
price discrimination (cf. Hermalin and Katz, 2007). Several recent contributions discuss the
screening of traffic-sensitive content by means of prices and differentiated quality layers, a
key aspect of the net-neutrality debate (Krämer and Wiewiorra, 2012; Reggiani and Valletti,
2012; Choi, Jeon and Kim, 2013; Bourreau, Kourandi and Valletti, 2015). Peitz and Schuett
(2015) analyze moral hazard in traffic generation using a model that incorporates congestion
externalities. Our work departs from these papers by considering consumption usage and
the informational role of consumer prices. Two specific contributions are (i) showing that
screening among traffic-sensitive contents can be done via different consumer prices and a
single quality layer and (ii) proving the optimality of a price cap on the content side.
The rest of the paper proceeds as follows. After describing the model in Section 2, in
Section 3 we derive the prices maximizing the network’s profit and discuss the consequence
of laissez-faire pricing for consumers and content providers. Section 4 focuses on regulation
by analyzing standard price cap regulations and no-discrimination clauses. In Section 5, we
propose two extensions; the first considers elastic subscription demand and competition at
the network level, and the second assumes asymmetric information on the benefits and also
on the costs of communication. Section 6 concludes.

2

Model

We analyze the tariff charged for traffic by a network (an ISP, in the case of the Internet)
to two sides of the market: consumers and content providers. In practice, some content is
delivered freely while other content is paid for. In order to focus on our paper’s novel aspects,
we simplify the analysis by assuming that all content is free. We assume for conciseness that
contents are non-rival so that consumers visit every content provider. The expected demand
for each content when consumers face a price p per unit of content is q = D(p). The
representative consumer utility function U (q) is strictly concave with U 0 (0) = p̄ > 0 and
U 0 (q̄) = 0. Thus the demand D(·) is decreasing, the consumption D (0) = q̄ of free goods is
5

positive, and demand vanishes at price p̄.
Any transaction between a content provider and a consumer creates costs and benefits
in addition to the utility that consumers derive from usage. More precisely, each unit of
content creates a cost θ to the network. Hence the consumption of q units of content costs
the network an amount θq. This cost is either direct or a function related to congestion.
One interpretation is that θ reflects the network’s costs of expending resources to maintain
the service quality. We assume that consumption is positive if priced at its true marginal
cost (i.e. θ < p̄). At the same time, each unit of consumption generates a benefit a > 0
for the content providers, net of the cost (if any) of distributing the content. This benefit is
diverse, including the advertising revenue5 and other gains of the content provider such as
private benefits for blogs and not-for-profit organizations, the value of consumer data and
the leverage of the customer base on the capital market . Content providers are heterogenous
and can be of either low-benefit type ` or high-benefit type h; these types are characterized
by respective benefits a` and ah where a` < ah . We assume that any given content is type h
with probability λ and thus content is of type ` with probability 1 − λ. The type of each
content is unknown to the consumers and the network, but known to the content provider.
We will refer to content providers of type h as high-benefit (in short HB) and to content
providers of type ` as low-benefit (in short LB). We shall use b` = a` /θ and bh = ah /θ to
denote the respective ratios of benefits to costs. To focus on the most interesting case, we
assume that one type of content could not be profitable if its provider had to pay the full
cost of traffic:
b` < 1 < bh .
This assumption captures the idea that only some content providers can afford the network’s cost. As a consequence, some content providers will not operate unless consumers
pay for part of the traffic cost.6
Although content providers have some private information about their benefit, the level
of consumption is determined by consumers. Moreover, the network observes the ex post
realization of total cost θq and can charge any side for this cost. We restrict attention
to linear traffic prices — that is prices of the form sθq and rθq to (respectively) content
providers and consumers, where the unit prices s and r are both nonnegative. However, we
will allow the network to offer content providers a choice between multiple pairs of prices
5

Advertising revenue increases with consumption if the consumer time devoted to a page is increasing in
consumption or if advertising is tied to consumption in some other way.
6
The key assumption is b` < 1. Otherwise (as we shall demonstrate), total welfare would be maximized
by imposition of a content price equal to 1.
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(r, s). We use Π to denote the network’s (variable) profit, which is defined as the difference
between the revenues from traffic and the costs of supporting that traffic.
We assume also that the network can charge a hookup fee F ex ante to consumers
for subscription. The extent to which this hookup fee allows the network to capture any
increase in consumer surplus due to traffic management depends on various factors, two
of which include the elasticity of participation for consumers and the competition at the
network level. For the most part, we focus on the case of inelastic participation, reserving
the discussing of more general settings for later in the paper.
We will consider the timing as follows.
1. The network proposes the prices r and s as well as a hookup fee F .
2. Each consumer decides whether or not to subscribe.
3. Each content provider learns its type, that is the benefit that consumer’s usage can
generate, whether or not to be active, and may also choose a tariff.
4. Consumers observe the choice of each content provider and decide how much to consume of each provider’s content.
5. Traffic is observed and payments are made to the network.
Let us denote by CS the expected consumer surplus from usage (gross of the hookup fee).
Because consumers are ex ante identical and risk neutral, their subscription decision is based
only on CS − F . In this case, the network can extract the full expected surplus by setting
the hookup fee equal to the consumer surplus (F = CS) or at least can use this fee to reap
part of that surplus. It is therefore optimal for the network to maximize the joint expected
surplus with consumers. Accordingly, the network’s objective fully internalizes the surplus
of consumers. Hence we ignore the fee F and assume hereafter that the network maximizes
the sum of its variable profit Π and expected consumer surplus; thus the network value is
V = CS + Π. 7 As we will show, network behavior will lead to V being maximized — even
with competition between networks or elastic demand — whenever consumers do not have
private information ex ante about their expected surplus from joining the network.
As a benchmark, we study the socially optimal prices in the case of full information on the
content type and no direct transfer between content providers and consumers. This scenario
corresponds to the case of a regulated network maximizing social welfare. For content of
7

We use the term network value because, although it coincides with the network total profit in our basic
model, this is not the case anymore when we introduce elastic demand and competition.
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benefit a, the price perceived by consumers is rθ and so consumption is q = D(rθ). The
content generates a monetary gain a − sθ = (b − s) θ per unit of consumption, which means
that it is offered only if s ≤ b. Social welfare then can be written as
U (q) + (bθ − θ)q

s.t. s ≤ b, U 0 (q) = rθ.

If we ignore the feasibility constraint r ≥ 0, then social welfare is maximal at r = 1 − b and
s ≤ b. The difficulty with this solution is that optimal prices can be negative if the benefit is
high enough. Once negative prices are ruled out, the optimal prices are described as follows.
Lemma 1 Under full information, the socially (constrained) optimal allocation is obtained
by charging r = max {1 − b, 0} and s ≤ b.
When the content price is s = b, content providers receive zero surplus. Hence for s = b,
the network value V = CS + Π is equal to the maximal total welfare. This implies that a
network maximizing V implements the social optimum under full information about a.

3

Network pricing under laissez-faire

We now investigate the network’s choice of tariffs under laissez-faire. Although consumer
characteristics are commonly known, there is uncertainty about the content providers’ benefit
from any particular transaction made on the network. The network may thus seek to extract
that benefit by discriminating between the two types of content. This possibility leads us to
consider two price strategies for the network: uniform pricing and sponsored pricing.
Uniform pricing: The network offers a unique pair (s, r).
Under uniform pricing, a content provider’s only decision is whether or not to participate
and — conditionally on participation — all face the same price. Because content providers
do not charge consumers for the good or service they offer, their profits can only be generated
via the benefit a. The price s charged by the network to them cannot not be transferred
to consumers. Therefore, a content provider participates only if s ≤ b. Given a price s, a
content provider of type t stays on the market if it anticipates a nonnegative profit — that
is, if s ≤ bt for t = `, h. In particular, if s lies between b` and bh , then only the HB content
providers participate in the market.
With uniform pricing, the network faces the standard monopoly trade-off between capturing the rent of HB content providers (with high s) and avoiding the exclusion of LB
content providers (with low s). One way to alleviate this trade-off consists of allowing the
8

network to propose tariffs that are more complex. Therefore, we now consider the possibility
of the network achieving second-degree price discrimination between the two types of content providers by offering a menu of linear tariffs. We refer to this second price strategy as
sponsored pricing.
Sponsored pricing: The network gives the content provider a choice between two tariffs (s` , r` ) and (sh , rh ) and the consumer is informed about which tariff the network
chooses.
Sponsored pricing amounts to defining both tariffs, a base tariff ` and a sponsored tariff h. Content providers choose which tariff applies and that information is transmitted
to consumers.8 Note that there is no possibility of discriminating between different content
providers without inducing differential consumption. Indeed, if consumers were not affected
by content providers’ choice, then all such content providers would invariably opt for the
lower price s.9 Yet the network may attempt to increase its profits and the value it offers to
consumers by combining a higher price to content with a lower price to consumers. Content
providers eager to generate high traffic (stemming from high benefits) may be willing to
choose this option.
In the sponsored pricing setup, if the network succeeds at inducing the LB and the
HB content providers to choose different tariffs, then consumer behavior should adapt to
the tariff observed for a particular content. We thus define sponsored pricing as a menu
{(s` , r` ) , (sh , rh )} and consumption levels {q` = D (θr` ) , qh = D (θrh )} such that the LB
(resp. HB) content providers are willing to participate and choose tariff ` (resp. h), given
the expected consumption of each content type.
Our definition of sponsored pricing encompasses situations in which the network chooses
to exclude LB content. In fact, such exclusion should be expected when q` = 0 (with price
r` ≥ p̄/θ) and b` < sh ≤ bh . The reason is that, under these conditions, the LB content
providers encounter zero demand and so obtain zero profit.10 Sponsored pricing with q` = 0
is equivalent to a uniform tariff where (s, r) = (sh , rh ) , with sh > b` because the LB content
providers would not participate under such a tariff. Similarly a uniform tariff s ≤ b`
corresponds to sponsored pricing with (s` , r` ) = (sh , rh ).
8

This process requires ex ante communication. The content providers can directly inform consumers
about the tariff when they visit and a standard unravelling argument shows that they will do so if the
network doesn’t transmit the information.
9
It follows that keeping consumers uninformed is not compatible with price discrimination, because then
consumption would not vary in response to content providers’ choice.
10
Under sponsored pricing, then, there is no loss of generality in assuming that all content providers
participate in the mechanism.
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So without loss of generality we can focus on sponsored pricing to characterize the network
optimal pricing strategy. For each content type t, the consumer surplus is CSt = U (qt )−rt θqt
and the network profit is Πt = (rt + st − 1) θqt . The network maximizes the average joint
surplus with consumers as follows
V = λ [U (qh ) − (1 − sh )θqh ] + (1 − λ) [U (q` ) − (1 − s` )θq` ] .
The resulting tariff induces participation of both HB and LB provider types as long as
b` ≥ s` and bh ≥ sh .

(1)

As we have already argued, qt = 0 is equivalent to no supply of type t content; we can
therefore impose without loss of generality that condition (1) holds even when one content
type is not offered. Then, the following incentive compatibility conditions ensure that each
content provider chooses the tariff designed for its specific type:
(b` − s` )q` ≥ (b` − sh )qh ;
(bh − sh )qh ≥ (bh − s` )q` .

(2)

Sponsored tariffs are thus equivalently characterized by an allocation (ql , qh , sl , sh ) such
that conditions (1) and (2) are both satisfied. The network’s program is then to maximize V
under these two constraints. This program departs from classical textbook cases because here
the transfer sθq depends on the quantity. Nevertheless, one can follow the usual procedure
for solving such programs, which we describe next.
First, since it is optimal to raise content prices as long as they remain compatible with
the constraints, if follows that both the participation constraint of the LB content providers
and the incentive constraint of the HB content providers will be binding, that is
s ` = b`

and (bh − sh )qh = (bh − s` )q` .

(3)

Second, under condition (3), all constraints are satisfied provided that sh ≥ b` or equivalently that q` ≤ qh . If we replace the prices with the values given by condition (3), the
reduced program can be written as a function of the quantities:
max λ [U (qh ) − (1 − bh )θqh − (bh − b` )θq` ] + (1 − λ) [U (q` ) − (1 − b` )θq` ] .

qh ≥q`

This expression leads directly to the following statement.
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Proposition 1 The optimal sponsored tariffs are such that qt∗ = D (rt∗ θ), for t = `, h, where
q`
s∗` = b` , s∗h = bh − (bh − b` ) ;
qh


λ
∗
r` = min 1 − b` +
(bh − b` ), p̄ , rh∗ = 0.
1−λ
Proof. The solution of the reduced program is obtained at
U 0 (q` ) = r` θ = (1 − b` ) θ +

λ
(bh − b` )θ if r is less than p̄
1−λ

q` = 0 otherwise
U 0 (qh ) = 0
The condition qh ≥ q` holds and it determines the usage price for consumers. In the
event q` = 0, we adopt the convention that r` θ = p̄ for clarity but any larger price would
also work. The content prices are then given by condition (3).
The menu of tariffs proposed by the network plays two roles.11 It allows the network to
screen the different types of content providers and it leads to more efficient consumption than
under uniform pricing. Consider the tariff designed for the HB content providers. Because
the gains generated by these providers’ traffic are higher than its cost, the network prefers
high consumption and so sets a zero price for content receivers (i.e. consumers). The price
sh paid by the HB content providers is strictly less than bh because the platform must leave
some profit to induce the HB content providers to choose the right tariff. Whereas the price
s` paid by the LB content providers is simply set to minimize their profit, the price r` paid
by consumers to access that contents is affected by two factors. First, s` reflects the net
cost of any unit of consumption; second s` is distorted so as to minimize how much profit
the network must leave to HB content providers and still induce them to choose the right
tariff. As it is common in the information economics literature, informational asymmetries
lead the network to propose higher prices and thereby generate social costs.
In this setting, the network may decide to exclude LB content providers. This happens
when the quantity q` resulting from the price characterized in Proposition 1 is negative —
and thus when λ is large:
q` = 0 ⇐⇒ λ ≥ λ∗ =

p̄ − (1 − b` )θ
.
p̄ − (1 − bh )θ

(4)

In this case, the network may simply rely on a uniform tariff s = bh and r = 0. For a
11

The same analysis holds with bh < 1 except that rh = 1 − bh .
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low proportion of HB content, the network chooses to induce full participation and screens
between the two content types. Thus sponsored pricing is preferred to uniform pricing for
λ < λ∗ .
Corollary 1 Under laissez-faire, the network excludes LB contents for λ > λ∗ ; otherwise
it opts for sponsoring. Total exclusion of LB content is most likely when bh is high, θ high,
and/or that b` is low.
Proof. The claims are immediate from Proposition 1 and 4.
Hence it is clear that the network should never use uniform pricing without exclusion
since that pricing policy is never the solution of the network’s profit-maximizing program
under full participation. In our two-type model, however, the network relies on uniform
prices in the event of content exclusion.
Finally, from the total welfare perspective, we see that the consumption of HB content
is efficient as long as the usage price charged to consumers is nonnegative. In contrast,
efficient consumption of LB content would require that r` = 1 − b` , so the consumption
is suboptimal. These differences provide a rationale for regulation, and one that does not
depend on the network’s market power on the consumer side. In fact, as it will appear clearly
in the extensions, the analysis relies on the network’s exclusive relationship with consumers.

4

Regulation of the content providers prices

In this section we discuss various forms of regulation and their effect on welfare. We focus
on the case where this regulation concerns the content price, and we examine standard
regulatory forms so as to reflect real-world practices.12
We assume that the regulator seeks to maximize total welfare; formally
W = λ [U (qh ) − (1 − bh )θqh ] + (1 − λ) [U (q` ) − (1 − b` )θq` ] .
Let qtFB denote the (constrained) efficient consumption levels characterized by
qhFB = D (0) and q`FB = D ((1 − b` ) θ)
Since qh∗ is efficient while q`∗ < q`FB , the main regulatory concern will be to increase consumption of LB content while avoiding any decrease in the level of HB content consumption.
12

See the online Supplementary Appendix for a discussion of optimal regulatory rules.
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4.1

Cost-oriented price cap

We first consider the cost-oriented price cap regulation, as it is a simple and common form
of regulation. Regulating at cost level amounts to setting a constraint of the form s ≤ 1.
In the case of sponsored pricing, the constraints are the same as in the previous section
except that 1 ≥ sh replaces bh ≥ sh in condition (1). Straightforward reasoning (detailed in
the Appendix) establishes that the network will choose b` = s` , qh ≥ q` . The price of the HB
content now accounts for the price cap and is given by


q`
sh = inf 1, bh − (bh − s` )
.
qh
The reduced program then be written as
max λ [U (qh ) − θqh + inf{qh , bh qh − (bh − b` )q` }θ] + (1 − λ) [U (q` ) − (1 − b` )θq` ]

qh ≥q`

The difference here when compared with the unconstrained sponsored pricing program
is that, at some level, further reducing the consumption of LB content no longer reduces the
rent of the HB content providers. We thus can show the following result.
Proposition 2 A cost-oriented price cap leads to s̄` = b` , s̄h ≤ 1 and also to an efficient
consumption of HB content q̄h = D (0). As compared with laissez-faire, for LB content it
leads to
−1
or to
• the same consumption q̄` = q`∗ if q`∗ ≥ D(0) bbhh−b
`


−1
−1
, q`FB if D(0) bbhh−b
≥ q`∗ .
• higher consumption q̄` = min D(0) bbhh−b
`
`
−1
The consumption is efficient if D(0) bbhh−b
≥ q`FB .
`

Proof. See Appendix.
It is clear that the price cap has no effect whenever the original solution involves only
content prices that are lower than one. Otherwise, the network must raise the HB content
price to the cost and also raises the consumption of LB content.
The main consequence of such a price cap is to deter the network from extracting too
much surplus from HB content providers. This has not only a direct effect on how surplus
is shared but also an indirect and positive effect on efficiency. Indeed, since the network
cannot extract too much from the HB content providers, it has less incentive than before to
distort the consumption of LB content. If the efficient level of LB content consumption is
low enough, then the network’s pricing of HB content providers at cost is compatible with
13

efficient consumption of LB content and so the allocation will be efficient. In short, imposing
a price cap leads to increased welfare and less distortions of consumption levels.
Corollary 2 Under sponsored pricing, a price cap at cost, s ≤ 1 increases welfare.


Proof. It follows from q̄` ∈ q`∗ , q`F B .
The result hinges on a seesaw effect at work for usage prices. In particular, allowing the
network to charge content providers above cost would not reduce consumer prices for HB
content (which is already free) although this would reduce the consumption of LB content.

4.2

No discrimination

We now consider a regulation that forces uniform pricing by prohibiting any form of price
discrimination — and so, by extension, any sponsored pricing. In the debate over regulation
of network pricing on the Internet, this type of regulation corresponds to one form of net
neutrality that has been advocated. When restricted to uniform pricing, the network can
selectively reduce the consumption of LB contents only by excluding them via a price s
above b` . If we denote by M ∈ {λ, 1} the mass of active content providers, then the network
maximizes the joint surplus with consumers
V = M × [U (q) + (s − 1) θq]

with q = D (rθ) .

The term in brackets captures the incentives to maximize the per-content joint surplus
of the network and consumers for a given value of s. The net data cost per unit of content
is (1 − s)θ and internal efficiency is achieved by setting — whenever feasible — a consumer
price equal to this cost. Because the participation of content providers is independent of the
price charged to consumers, the network chooses
r = max {1 − s, 0} .

(5)

Given (5), the choice of the network boils down to choosing the price s that content
providers will be charged. Observe that for a given participation level M , the network value
increases with the price s. Therefore, the network chooses s by comparing two possible prices
for content: the maximal price s = b` that maintains full participation with r = 1 − b` , and
the maximal price s = bh that preserves the participation of only HB contents providers
with r = 0 (since 1 − bh < 0). The consumption levels in these two cases are then q`u =
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D ((1 − b` ) θ) and qhu = D (0), which respectively yield the following network values:
V`u = U (q`u ) + (b` − 1) θq`u

when s = b`

Vhu = λ [U (qhu ) + (bh − 1) θqhu ]

when s = bh .

The key difference between uniform pricing and sponsored pricing is that, when both
types of content providers participate, the network needs to leave a higher rent to the HB
content providers because it cannot selectively reduce q` . Hence there is more exclusion of
content under uniform than under sponsored pricing.
Proposition 3 Under uniform pricing, the network excludes the LB contents (s = bh ) if
and only if λ > λu . There is more exclusion than under sponsored pricing (λu < λ∗ ). The
threshold λu is decreasing in bh , and increasing in b` .
Proof. See Appendix.
The comparative statics underlying the trade-off can be easily analyzed in terms of the
relative efficiency of content types. The network value under exclusion increases with bh and
is independent of b` . Conversely, the network value when all content providers participate
increases with b` and is independent of bh . In sum: (i) exclusion occurs if bh is large enough
and/or b` is small enough; and (ii) the network does not exclude the low-benefit contents if
both bh and b` are close to 1.
We now turn to the welfare comparison of uniform versus sponsored pricing. On the one
hand, we have shown that there will be more exclusion under uniform pricing because the
network cannot accommodate LB content that should generate only low levels of consumption. On the other hand, a network that wants to attract users who consume both types
of content must raise the level of LB consumption and reduce the level of HB consumption.
So, as is often the case, the overall effect of a ban on price discrimination is ambiguous.
Proposition 4 If sponsored pricing is banned, then
• when λ > λu , total welfare either decreases or is unaffected.
• when λ < λu , total welfare decreases if λ is small enough; however the effect is ambiguous for intermediate values of λ.
Proof. See Appendix
A standard result in the analysis of price discrimination is that sponsored pricing yields
higher welfare that uniform pricing as long as the former does not exclude LB contents. It
is also widely known that the HB contents benefit from price discrimination. This benefit
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follows because, when allowing LB content providers to operate with a low s (as occurs for
λ ∈ [λu , λ∗ ]), the network must leave some rents to the HB providers — which is not required
when uniform prices are exclusionary.
When there is no exclusion under either regime (for λ < λu ), the effect of a ban on
sponsored pricing is more ambiguous. In that case, there may be too little consumption of
HB content whereas the consumption of LB content increases, and welfare could either rise
or fall as a result. We remark that when λ is small, the distortion of q` (or, equivalently,
of r` ) is likewise small and so the former effect dominates, making sponsored pricing the
optimal system.
Having shown that neither a price cap nor a ban on price discrimination ensures full
efficiency, we are led to wonder whether combining the two might yield a better outcome.
Our next result argues to the contrary when the content benefits are large.
Corollary 3 Under a cost-oriented price cap s ≤ 1, sponsored pricing dominates uniform
pricing if bh is large.
Proof. See Appendix.
When the benefits generated by the consumption of HB content are large enough, it is
critical to ensure efficient levels of consumption. Because uniform pricing tends to reduce
HB content consumption, it is all the more detrimental that bh is large. Moreover, recall
that increasing bh tends to increase the price cap’s effect, and so reduces the extent to which
LB content consumption is distorted under sponsored pricing. So, when looking at the effect
on the two types of contents for bh large, sponsored pricing dominates uniform pricing.

4.3

One-sided pricing regulation

Another possible regulation consists of imposing a zero price rule for contents (s = 0 in our
setting) which is another option commonly discussed in the debate about net neutrality. In
this case, regulators may again decide to allow or to ban sponsored pricing.
Let us suppose first that sponsored pricing is allowed. This means that the network
must first choose a base price r` for consumers along with a zero price (s` = 0) for content
providers. It may still offer content providers the option of sponsoring consumption in which
case the prices become rh < r` for consumers and sh > 0 for content providers. Under
such a regulation, the network’s pricing program is the same as in Section 3 except that the
constraint s` ≤ b` is replaced by s` = 0. The reasoning of Proposition 1 applies with this
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new constraint so the network’s optimal pricing strategy is given by


λ
s` = 0,
r` = min 1 +
bh , p̄
1−λ
q`
rh = 0.
s h = bh − bh ,
qh



> r`∗ ;

(6)
(7)

As compared with the laissez-faire case, the consumption of HB content is unchanged
while the consumption of LB content is reduced (because consumer prices are higher). Total
welfare and consumer welfare are then both lower than under laissez-faire, and a fortiori lower
than under a cost-oriented price cap. The attractiveness of sponsored pricing is naturally
reduced when the network is not allowed to charge content providers in the base tariff. Hence
the network must reduce base consumption still further in order to maintain the sponsored
pricing option’s value.
We now turn to the case of a general ban on any price charged to content providers,
which we refer to as strict one-sided pricing. In this case, discrimination by sponsoring is
not possible and so the network sets a unique consumer price r = 1 (per equation 5) and the
consumption of any content is given by D (θ). Under this zero-price regulation, the network
cannot exclude any content and so will choose a high usage price for consumers. When the
content is of HB type, a price cap at 1 performs better than the price of 0, because the
former yields efficient consumption. In the case of LB content, the relative merits of price
caps at 1 versus at 0 is ambiguous. We then have the following result.
Proposition 5 Total welfare is greater under a cost-oriented price cap with sponsoring than
under one-sided pricing with sponsoring. Furthermore, total welfare is higher under a costoriented price cap than under strict one-sided pricing if bh is large, or if λ is either small or
large enough.
Proof. See Appendix.
We know from Corollary 3 that under a cost-oriented price cap it is optimal to allow
sponsored pricing if bh is large. So if the HB content is valuable enough, then the socially
optimal regulation is a cap on the price charged to content providers with sponsored pricing
allowed. These features would induce the optimal consumption of HB content while mitigating network incentives to distort the consumption of nonsponsored content (because such
distortion would not increase the network’s sponsoring revenue).
For low values of bh , a strict zero-price regulation reduces total welfare whenever costorientation leads to almost efficient pricing, which can occur when λ is small. When a
cost-oriented price cap is not efficient and hence leads to less consumption of LB content
17

than under a zero-price regime, the comparison is ambiguous except when λ is large (since
in that case only the HB content matters).

5
5.1

Extensions
Elastic participation and competition between networks

In the main analysis, we considered the case of a monopoly network with inelastic subscription demand. We should like to demonstrate that introducing demand elasticity or
competition at the network level does not change the manner in which the variable cost is
allocated between consumers and content providers — and thus does not affect the main conclusions of our work. For this purpose, we need to describe in more detail the participation
decision of the consumers.
We consider a model with an initial unit mass of consumers, a unit mass of content
providers and I ≥ 1 networks (indexed by i). Content providers are further divided into a
mass λ of type h and a complementary mass 1 − λ of type `. The utility of each consumer
subscribing to network i and choosing a consumption profile {qih , qi` } is given by
Et (u(qit ) − θrit qt ) + εi − Fi
where E is the expectation operator and where, for each network i: Fi is the hookup fee, εi
is an idiosyncratic shock and rit the variable price on the cost of content t. The idiosyncratic
shock εi is a random variable that represents consumers’ heterogeneity with regard to the
intrinsic taste for network i. We place no restrictions on the distribution of preference shocks,
but we implicitly assume that they do not convey any information about the utility derived
from consuming contents.13
The timing of the game is unchanged and we assume that at stage 1, each network
i simultaneously makes an offer (Fi , rih , sih , ri` , si` ). In this slightly modified setting, we
assume that content providers may deliver their content to all networks — they pay then
only a variable price — whereas consumers subscribe to a single network.
Let Ni denote the mass of consumers subscribing to network i; then the profit of each
content provider using this network is given by
Ni (at − sit θ)qit = Ni θ(bt − sit )qit .
13

This modeling of competition can be seen as a simplified version of the “nested discrete choice” model
of demand developed in Anderson and de Palma (1992).
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A content provider of type t will choose to participate in network i if bt ≥ sit . In this
context, the participation of content providers to network i and their choice of tariffs, as well
as individual-level consumption for a given contract are the same as before. What differs is
that consumers can now choose among networks.
The gross consumer surplus is given by


CSi = λ U (qih ) − rih θqih + (1 − λ) U (qi` ) − ri` θqi` .
A given consumer joining network i gains CSi + εi − Fi . Because there are several networks,
the mass of consumers subscribing to network i is given by


Ni = Pr CSi − Fi + εi ≥ max{0, max CSj − Fj + εj } .
j6=i

The total profit of network i is then
Ni [Fi + λ(rih + sih − 1)θqih + (1 − λ) (ri` + si` − 1) θqi` ] .
For any given strategy of the other networks (denoted z−i ), let


φi (R; z−i ) = Pr R ≥ max{0, max CSj − Fj + εj } − εi .
j6=i

Now we can write the profit of network i as
φi (CSi − Fi ; z−i ) [Fi + λ(rih + sih − 1)θqih + (1 − λ) (ri` + si` − 1) θqi` ] .
Under this formulation, it is easy to see that the networks’ best pricing strategy always
maximizes the network value per consumer.
Proposition 6 In any equilibrium of the game with elastic subscription demand and I networks, each network chooses a tariff (sit , rit ), t ∈ {`, h} that maximizes its value per consumer: Vi = λ (U (qih ) + (sih − 1) θqih ) + (1 − λ) (U (qi` ) + (si` − 1) θqi` ) .
Proof. The network’s profit can be written as
φi (Ri ; z−i ) [Vi − Ri ],
where Ri = CSi − Fi is the expected net consumer surplus and Vi is the network value. Note
that Vi is independent of the subscription fee Fi and of the other networks’ strategies z−i ,
whereas Ri depends on Fi . Hence, the network will always choose (si , ri ) to maximize Vi .
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The value Vi is solely dependent on the usage prices, so there is a natural ordering in the
pricing strategy. First, the network maximizes the value that can be shared with consumers
by setting adequate usage prices. Then, the network decides how much surplus to retain
and how much surplus to leave to the consumers. Whereas the surplus Ri left to consumers
(and hence the subscription fee Fi ) depends on the elasticity of demand and on competition
between networks, the prices (rit , sit )t∈{`,h} do not. It follows that the prices derived in the
main model with a monopoly network are the equilibrium prices also in the case of many
network competing for consumers.
As far as welfare is concerned, if total demand is fixed (inelastic consumer participation),
then introducing competition at the network level does not alter our results. Yet when
aggregate demand is elastic, competition may increase total participation in the market. We
observe that, as compared with the case of inelastic demand, the regulation of the traffic
prices should be more favorable to laissez-faire under competition.
Corollary 4 If aggregate demand is sufficiently elastic, then laissez-faire may dominate a
cost-oriented price cap.
Proof. See Appendix.
With elastic aggregate demand, increasing the value Vi also increases subscription demand. So if there is an optimal price cap, then it will be relatively higher and thus would
strengthen the case for sponsored pricing.

5.2

Heterogenous cost

We can introduce another dimension of heterogeneity by allowing the content providers
to differ in their cost to the network. We assume that consumers do not know this cost
and therefore cannot incorporate this parameter into their consumption choices.14 Even a
network using “deep packet” inspection and monitoring services could not inform consumers
before their choices are made. Because this cost is unknown, the content provider’s choice of
tariff is a way for it to inform consumers not only about the price r they will be paying per
unit of network cost but also about the total cost of content they consume. This is another
argument for the use of sponsored pricing.
More precisely, we now assume that content providers’ types differ in terms of both θ
and a. Content is of type h, or (θh , ah ) with probability λ; hence a content is of type `, or
(θ` , a` ), with probability 1 − λ. Content type is known only by the content provider (i.e.,
14

It is well documented that consumers have difficulty in correctly assessing their internet consumption
(see Strategy Analytics, 2013).
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not by consumers or the network). We rank these two types of content providers according
to their respective ratios of advertising revenue to cost, while continuing to assume that
b` =

ah
a`
< 1 < bh = .15
θ`
θh

Consumers rationally anticipate the participation of content providers and adapt their
cost expectations appropriately. Because content is free, they consume q = D (rE (θ|s)) of
each content provider, where E (θ|s) is the expected cost when the tariff is known. When
cost are heterogenous, a distinction emerges between sponsored pricing and a uniform tariff.
In the uniform tariff scenario, consumers receive no signal about the cost. Conditional
on the content providers participation, the average cost of data is given by

E (θ|s) =


E (θ)
θ

if s ≤ b` ,
if b` < s ≤ bh .

h

Again denoting by qt the consumption of type t content, we conclude that qh = q` =
D (rE (θ)) if the content price s is below b` and that qh = D (rθh ) and q` = 0 if it lies
between b` and bh .
Under sponsored pricing, in contrast, consumers receive a signal of the cost. Indeed if
the network succeeds in inducing the LB and the HB content providers to choose different
tariffs, then consumers should realize that the average cost is different for the two tariffs.
Hence, they will adapt their behavior to both the price and the cost. We therefore now
redefine sponsored pricing as a menu of tariffs {(s` , r` ) , (sh , rh )} such that the following two
properties hold:
1. consumers anticipate that the cost is θ` for the tariff ` and θh for the tariff h, and
they choose their consumption accordingly for each tariff;
2. the LB (resp. HB) content providers are willing to participate and choose tariff `
(resp. h), given the anticipated consumptions.
To satisfy the first condition we must have consumption levels q` = D (r` θ` ) and qh =
D (rh θh ) with respective tariffs ` and h. As a result, the information transmitted to consumers is different in the case of uniform versus sponsored pricing, since signals are more
precise under the latter. A statement that will simplify the analysis is that despite their differences regarding consumer demand, the sponsored pricing strategy subsumes the uniform
pricing strategy.
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The model is also compatible with a uniform benefit a` = ah per unit of consumption across types and
different costs associated with the consumption, in which case type h is a low-cost content.
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Lemma 2 For any uniform tariff (s, r), there exist sponsored tariffs (s` , r` ) and (sh , rh ) that
result in the same consumption levels {q` , qh } and the same network value V .
Proof. Consider a uniform tariff with s ≤ b` and q` = qh = D (rθe ). The same allocation
can be obtained with sponsored pricing if we set sh = s` = s and rh θh = r` θ` = rE (θ|s) .
Although consumers know the type of content, their consumption is the same for both types.
Content providers are indifferent between the two tariffs.
Now consider a uniform tariff b` < s ≤ bh and qh = D(rθh ). The same allocation can be
obtained via the sponsored tariffs (sh , rh ) = (s, r) and r` θ` ≥ p̄.
From the network’s perspective, the two main benefits of sponsoring are that it can then
extract more rent from content providers and can induce more efficient levels of consumption.
This interaction between screening on one side and signaling on the other side is a distinguishing feature of sponsored pricing that is not shared by a standard screening model. That
being said, both the participation constraints and the incentive compatibility constraints are
the same under both models. Hence the optimal sponsored pricing mechanism is obtained
as before but with a new objective as follows:
max λ [U (qh ) − (1 − bh )θh qh − (bh − b` )θq` ] + (1 − λ) [U (q` ) − (1 − b` )θ` q` ] .

qh ≥q`

The characterization can then be extended as described next.
Proposition 7 When contents types differ in terms of both costs and benefits, the network’s
profit-maximizing sponsored tariffs are such that qt∗ = D (rt∗ θ∗t ), for t = `, h, where
s∗`

= b` ,

r`∗

s∗h = bh −


= min 1 − b` +

λ
θh p̄
(bh − b` ) ,
1−λ
θ` θ`



q`
(bh − b` ) , rh∗ = 0.
qh

Proof. The solution of the reduced program is the same as before except that now the
λ
relevant cost is θh for qh whereas the virtual cost is (1 − b` )θ` + 1−λ
(bh − b` )θh for the
consumption of LB content.
Note that we always have qh > q` and so, under laissez-faire, consumers correctly anticipate the cost. The solution is the same as before except that the relevant costs now differ
across tariffs, which enables a more efficient allocation.
The subsequent analysis is similar to that of the main model. In particular: under laissezfaire the network excludes LB content for λ > λ∗ , where the cutoff level for total exclusion
of LB content is
p̄ − (1 − b` ) θ`
λ∗ =
p̄ − (1 − b` ) θ` + (bh − b` )θh
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which is decreasing in bh and θ` , but increasing in b` and θh .
As before, exclusion may be achieved by way of a uniform tariff s > b` . When the proportion of HB content is below λ∗ , the network accommodates the LB content via sponsoring.
The analysis of a price cap is also similar to that in the main model. Because there are
always separation of types and full participation, the cost is always reflected in the consumer
price and so we still have that a cost-oriented price cap enhances social welfare.
The uniform tariff case differs slightly. The net expected data cost per unit of content
is (1 − s)E (θ|s) and internal efficiency is achieved by setting a consumer price equal to
this cost whenever feasible. Since content providers’ participation is independent of the
consumer price, it follows that the network will choose (under the price cap) between a tariff
(s = 1, r = 0) with exclusion and a tariff (s = b` , r = (1 − b` )) with full participation and
consumption D ((1 − b` )E(θ)). Thus the network excludes the LB content if λ is high enough
that
λU (D(0)) > U ((1 − b` )E(θ)) + (b` − 1)E(θ)D((1 − b` )E(θ)).
One difficulty with this case is that E (θ) depends on λ which complicates some proofs
but is not enough to overturn our results.
Proposition 8 All the conclusions of Section 4 hold when various content differs in both
the cost and benefit.
Proof. see Appendix.
If we compare the case just described to the one where θh = θ` = E (θ), then the level of
exclusion is the same with either heterogenous or homogenous costs under a cost-oriented
price cap. Under laissez-faire there may be more or less exclusion depending on whether θh
is larger or smaller than θ` . Recall that the benefit bt is normalized by the traffic generated,
so bh may be high either because ah is high or because θh is low. If costs imposed on the
network are lower for the HB than for LB content, then there will be more exclusion when
costs are heterogenous than when they are equal. The reverse conclusion holds when θh > θ` .
The welfare comparison is also similar irrespective of the cost heterogeneity. A new
effect is that sponsored pricing yields a further social benefit than a uniform tariff with
full participation in that the consumption level can be adjusted to reflect the true cost (i.e.
rather than the average cost). Hence cost heterogeneity reinforces our previous claim that
price discrimination has a positive welfare effect if market power is successfully regulated
by imposition of a price cap. However, this strategy is not sufficient to yield nonambiguous
comparisons for intermediate values of λ. Yet we do know that ban on discrimination reduces
welfare if λ is either high or low — and if the HB content is extremely valuable.
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Similarly, a zero-price regulation reduces welfare — as compared with a price cap at cost
— if bh is high, because in that case there will be insufficient (resp. excessive) consumption
of HB (resp. LB) content.

6

Conclusion

This paper has investigated the effect of missing content prices on the efficient pricing of
transmission network services. We have shown that, when consumers control their consumption but are unaware of the induced effect on content providers and the network, a direct or
indirect signal should be sent to them. In the standard setting with paid goods, this signal
is sent through the price chosen by the content providers; when the goods are free, however, that approach is not feasible and so the network prices must substitute for the missing
content price. In this context, our analysis has highlighted some interesting elements.
First, since networks provide unique access to consumers, it follows that even competitive
networks will not choose fully efficient tariffs and instead will induce excessive exclusion of
contents. This conclusion is similar to results obtained in the context of telecommunication termination charges,16 although we focused on consumption efficiency under of adverse
selection.
Second, allowing networks to propose a menu of tariffs — among which each content
provider must choose — may help to mitigate the excessive exclusion of contents. By letting
each content provider choose not only its own price but also the price paid by its consumers,
sponsored pricing prevents the exclusion of the low value/traffic-intensive content and increases the volume of consumption of high value content.
Our analysis also suggests that some regulation is optimal. In particular, requiring that
the tariff proposed to content providers not exceed a price cap reduces excessive exclusion
while preserving flexibility in offers and screening possibilities. Thus we find that most of the
benefits from regulation can be reaped with a price cap at cost. Imposing further restrictions
— such as uniform pricing or zero price — is not desirable if the content providers’ willingness
to pay is high. We remark that a price cap does not constrain the price charged to consumers,
which is not desirable when the network uses a two-part tariff on the consumer side.
This paper did not address anti-trust issues that sponsored data may raise, in particular
the risk that Internet service providers favor some content providers over others. Note
however that price cap regulation along the lines suggested here would go a long way toward
alleviating those concerns, provided that all content providers have access to sponsored data
16

These are the fees charged to one network when one of its subscribers calls a subscriber belonging to
another network
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programs.
A possible extension of this work would be to discuss the choice of content providers
to be free or to use prices to mediate their relationship with consumers. Endogenizing this
choice would certainly modify the effect of regulation and provide interesting new insights
on the optimal regulation of this industry.
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Appendix
Proof of proposition 2
We consider here the case of a price cap on sh equal to cost. In the case of sponsored pricing,
the constraints can be written as
b` ≥ s` and 1 ≥ sh
(b` − s` ) q` ≥ (b` − sh ) qh
(bh − sh ) qh ≥ (bh − s` ) q`
As the network value is decreasing with the prices paid by contents providers, we have
qh
}
q`
q`
= inf{1, bh − (bh − s` ) }
qh

s` = inf{b` , b` − (b` − sh )
sh
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Suppose that sh ≤ b` < 1. Then s` = b` − (b` − sh ) qqh` . It means that


q`
q`
+ sh ,
sh = bh − (bh − s` ) = (bh − b` ) 1 −
qh
qh
which is only possible if q` = qh and thus sh = s` .
Thus we have sh ≥ s` = b` which requires q` ≤ qh . The program then writes as
max

qh ≥q`

λ [U (qh ) − θqh + inf{qh , bh qh − (bh − b` )q` }θ]
+(1 − λ) [U (q` ) + (b` − 1)θq` ]

Given that bh ≥ 1, optimality implies that qh = D (0) . The objective is concave in q`
−1
. We thus find:
with a kink at q` = D(0) bbhh−b
`
−1
1. If q`∗ ≥ D(0) bbhh−b
, the price cap is not binding, i.e. 1 > s∗h .
`
−1
−1
≤ D((1 − b` )θ), then the network will choose q` = D(0) bbhh−b
and
2. If q`∗ ≤ D(0) bbhh−b
`
`
sh = 1.
−1
3. If D((1 − b` )θ) ≤ D(0) bbhh−b
, then q` = D((1 − b` )θ) and sh = 1.
`


Proof of proposition 3
While V`u does not depend on λ, Vhu is linear in λ. At λ = 0 we have V`u > Vhu =
0 (because demand is positive at price (1 − b` ) θ ) and at λ = 1 we have V`u < Vhu (because
b` < bh ). This implies that V`u < Vhu for λ above a threshold λu and 0 < λu < 1.
We define the surplus S (p) = maxq≥0 U (q) − pq. The threshold λu solves
λu =

S ((1 − b` ) θ)
S (0) + (bh − 1) θD (0)

which is decreasing in bh and increasing in b` .
Let us show that λ∗ > λu , where
λ∗ =

p̄ − (1 − b` )θ
p̄ + (bh − 1) θ

By convexity of S(.) and S (p̄) = 0
S ((1 − b` ) θ) < S (0)
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p̄ − (1 − b` )θ
p̄

hence
λu <

S (0)
p̄ − (1 − b` )θ
S (0) + (bh − 1) θD (0)
p̄

Using S (0) < p̄D (0) we have (since the RHS increases with S(0))
λu <

p̄D (0)
p̄ − (1 − b` )θ
p̄ − (1 − b` )θ
=
= λ∗ .
p̄D (0) + (bh − 1) θD (0)
p̄
p̄ + (bh − 1) θ


Proof of proposition 4
If λ > λu it is immediate that price discrimination is weakly better than uniform pricing
as the consumption level of HB content is the same, and there is no consumption of LB
content under uniform pricing. The superiority is strict except when λ > λ∗ in which case
the two regimes are equivalent.
We focus now on the case where λ < λu . Under sponsored pricing, expected social welfare
is given by
W ∗ = λ [U (qh∗ ) + (bh − 1) θqh∗ ] + (1 − λ) [U (q`∗ ) + (b` − 1) θq`∗ ] .
As for the case with uniform pricing, expected social welfare is given by
W u = U (q`u ) + λ (bh − 1) θq`u + (1 − λ) (b` − 1) θq`u
where q`u = D ((1 − b` ) θ)
At λ = 0, we have W ∗ = W u and q`∗ = q`u = q`FB . Using the first-order conditions above:
∂(W ∗ − W u )
|λ=0 = U (qh∗ ) + (bh − 1) θqh∗ − [U (q`u ) + (bh − 1)θq`u ] > 0.
∂λ

Therefore, at least for small values of λ, sponsored pricing dominates uniform pricing.

Proof of corollary 3
The welfare differential in favor of sponsored pricing is:
λ [U (qh∗ ) + (bh − 1) θqh∗ − U (qhu ) − (bh − 1) θqhu ]

(8)

+ (1 − λ) [U (q̄` ) + (b` − 1) θq̄` − U (q`u ) − (b` − 1) θq`u ] ,
This is clearly positive if there is exclusion under uniform pricing. We then focus on the
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other case, that is when there is no exclusion.
The first term is positive as qh∗ is efficient. The second term may be positive or negative.
−1
then q̄` = q`FB maximizes welfare, implying that the second term is
If q`FB ≤ D(0) bbhh−b
`
non-negative. This occurs when
D(0) − b` q`FB
≤ bh
D(0) − q`FB
which holds if bh is high.
−1
, the second term of (8) is negative because
Notice that if q`FB > D(0) bbhh−b
`


bh − 1
∗
q̄` = max q` , D(0)
< q`u = q`FB
bh − b`
Thus the comparison is ambiguous for intermediate values of λ.



Proof of proposition 5
The welfare differential between a cost-orientated price cap and strict zero-price regulation is given by



∆ = λ U (qh∗ ) + (bh − 1) θqh∗ − U q 0 − (bh − 1) θq 0



+ (1 − λ) U (q̄` ) + (b` − 1) θq̄` − U q 0 − (b` − 1) θq 0 ,

(9)

where q 0 = D (θ) . This is strictly positive for λ small because then q̄` is close to the
efficient quantity q`FB and for λ large as qh∗ is efficient.
As in the proof of corollary (3), if
D(0) − b` D((1 − b` )θ)
≤ bh
D(0) − D((1 − b` )θ)

(10)

a price cap at 1 yields an efficient outcome and dominates the zero price.
Suppose that (10) is violated, then
 
q̄` = max D (1 − b` ) θ +



λ
bh − 1
(bh − b` )θ , D(0)
1−λ
bh − b`

is suboptimal, decreasing in λ. The second term of (9) is nonnegative if q̄` ≥ D(θ). This is
the case if
• either

D(0)−b` D(θ)
D(0)−D(θ)

• or (1 − b` ) θ +

≤ bh

λ
(b
1−λ h

− b` )θ ≤ θ which can be written as λ ≥ b` /bh .
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Proof of corollary 4
Consider first a monopoly network with elastic demand φ (CS − F ) . Let V ∗ and W ∗ be
network value and welfare per consumer under laissez-faire. Let V̄ and W̄ be network value
−1
, we know
and welfare per consumer with a cost-oriented price cap. When q`∗ < D(0) bbhh−b
`
∗
∗
that V > V̄ and W < W̄ .
With network value V, the network chooses the fee F by solving
max φ (CS − F ) (V + F − CS)
F

With elastic participation the consumers’ participation is N (V ) , increasing with V, given
by (under standard concavity conditions):
N (V ) = φ (CS − F ) where F = CS − V +

φ (CS − F )
φ0 (CS − F )

Hence participation N ∗ under laissez-faire is higher than participation N̄ under price cap.
Whenever N ∗ /N̄ > W̄ /W ∗ , laissez-faire dominates. Whether this occurs or not depends on
the elasticity of demand. Notice that V ∗ , W ∗ , V̄ and W̄ are independent of φ, thus the
ratio N ∗ /N̄ increases when demand becomes more elastic. Thus laissez-faire will dominate
for very elastic demand.
The argument extends to competition provided that higher values of V result into higher
aggregate demand.

Proof of proposition 8
Proposition 2 and corollary 2 revisited
The proof of proposition 2 is the same replacing the objective with
λ [U (qh ) − θh qh + inf{qh , bh qh − (bh − b` )q` }θh ] + (1 − λ) [U (q` ) + (b` − 1)θ` q` ] .

λ
(bh − b` )θh .
and q`∗ = D (1 − b` ) θ` + 1−λ
Corollary 2 is then unchanged.
Proposition 3
The proof of proposition 3 has to be adapted as follows. We now have V`u = U (q`u ) +
(b` − 1) E (θ) q`u with q`u = D ((1 − b` ) E (θ)) while Vhu = λ [U (D (0)) + (bh − 1) θh D (0)] . It
is still the case that Vhu is linear in λ but V`u is not constant. However
∂ 2 V`u
= − (b` − 1)2 (θh − θ` )2 D0 ((1 − b` ) E (θ)) > 0.
∂λ2
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Hence Vhu − V`u is concave, negative at λ = 0 and positive at λ = 1. This implies that there
exists a unique threshold λu < 1 such that exclusion of the LB content occurs under uniform
pricing if and only if λ > λu .
The proof that λu < λ∗ uses
λ

u

λ∗

S ((1 − b` ) (λu θh + (1 − λu ) θ` ))
=
S (0) + (bh − 1) θh D (0)
p̄ − (1 − b` )θ`
.
=
p̄ − (1 − b` )θ` + (bh − b` ) θh

By convexity of S(.)
λu S ((1 − b` ) θh ) + (1 − λu ) S ((1 − b` ) θ` )
λ <
S (0) + (bh − 1) θh D (0)
u

so that
λu <

S ((1 − b` ) θ` )
.
S (0) + (bh − 1) θh D (0) + S ((1 − b` ) θ` ) − S ((1 − b` ) θh )

By convexity of S(.) and S (p̄) = 0,
S ((1 − b` ) θ` ) < S (0)

p̄ − (1 − b` )θ`
p̄ − (1 − b` )θh
and S ((1 − b` ) θh ) < S (0)
p̄
p̄

We thus have
u

λ

<

` )θ `
S (0) p̄−(1−b
p̄
` )θ `
` )θ h
S (0) + (bh − 1) θh D (0) + S (0) p̄−(1−b
− S (0) p̄−(1−b
p̄
p̄

` )θ `
S (0) p̄−(1−b
p̄


<
.
h −θ ` )
S (0) 1 + (1−b` )(θ
+
(b
−
1)
θ
D
(0)
h
h
p̄

Using S (0) < p̄D (0), we conclude that
λu <

p̄ − (1 − b` )θ`
= λ∗ .
p̄ + (1 − b` ) (θh − θ` ) + (bh − 1) θh

Proposition 4
The proof is the same, accounting for heterogenous cost.
Corollary 3
The proof is the same adjusting for heterogenous cost. Notice that it is more likely that
banning discrimination reduces welfare because it prevents consumption from reflecting the
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true cost.
Proposition 5
The proof is the same with q 0 = D (E (θ)). Welfare is higher for both types of content
with a cost-orientated price cap than with strict zero-price regulation
• if

D(0)−b` q`FB
D(0)−q`FB

≤ bh ,

−1
• or if q`FB > D(0) bbhh−b
and
`

– either
– or λ ≥

D(0)−b` D(E(θ))
D(0)−D(E(θ))

≤ bh ,

E(θ)−(1−b` )θ`
.
E(θ)+(bh −b` )θh −(1−b` )θ`
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