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Abstract

We consider a network that intermediates traffic between content
producers and consumers. The content is heterogenous in the cost of
traffic. While, consumers do not know the traffic cost when deciding
on consumption, a content producer knows his cost but may not con-
trol the consumption. The network observes only the resulting total
cost of traffic and can charge a congestion price to one or both of the
parties, along with an ex-ante hook-up fee to consumers.

We first show that, if the content is a paid content, the network
charges only the content producers and capping congestion prices for
content in this case is sub-optimal. In the case of free content, the
network extracts some rent from content with congestion prices and
may exclude some content. We show that there is efficient or excessive
exclusion of traffic.

We then endogenize the choice of business model by allowing the

content producers to choose between a paid model and a free model.
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In this case, the network charges higher congestion prices to content
but the cost is smaller as some content can stay under a paid model
that would be excluded otherwise.

At last, we characterize an optimal mechanism which consists in
letting the content producers choose between different public cate-
gories associated with different congestion prices for content and for

consumers.

1 Introduction

Net neutrality is the object of an intense debate, with contrasted views on the
way the operators of the physical network should treat various contents and
on the relationship between content owners and Internet service providers.
This debate involves many aspects, including issues of freedom and democ-
racy. The economic part of the debate has focused mostly on two broad
questions: i) whether the need for traffic management justifies that ISPs
charge the suppliers of content on Internet a fee related to the volume of
traffic or other cost dimensions; ii) whether a multi-tier quality structure
with paid access to high quality delivery services is desirable.

The first question arises from the anticipation of congestion on the net-
work and the need for ISPs to invest in the capacity so as to adapt to new
exploding demand of traffic. The congestion issue is already present on the
mobile data services due to last mile congestion, but traffic predictions (see
the graph below) suggest that it will also arise in the fixed network. Moreover

new services such as HD TV require massive investment in fiber technologies.
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The second question arises from the difference in the technical require-
ment of various services. Some services require a high level of quality that a
single layer of quality may not guarantee. The table below shows the need of
various services in terms of three criteria for Quality of Service: latency which
refers to the delay between origination and reception, jitter which refers to

fluctuations and bandwidth.
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As technological convergence forces actors from very different traditions to

work together (telecommunication, Internet, media), the question of pricing
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of Internet have generated a hot debate and regulatory activity (FCC release
new rules in 2011,! EU is undertaking a consultation on the subject). The
intensity of the debate reflects opposing views concerning the impact of price
based traffic management on the various actors of the value chain. On the
one hand there are concerns that pricing schemes may excessively crowd out
content, reduce entry and content innovation, and jeopardize the traditional
ecosystem that underlaid the success of Internet. On the other hand, one may
fear that the lack of prices for content may result in insufficient investment

and inefficient usage of the network.

The economic literature has addressed the issue from two perspectives,
often combined. The first is the two-sided market model that allows to incor-
porate in the analysis of the pricing problem the two sides participating to
Internet, consumers and content producers, and to discuss the implications
of various price restrictions for the supply of content and the consumer sur-
plus. The second perspective is the role that price discrimination may have
in situations involving some hold-up problems, which allows to discuss the
risk of ex-post expropriation of some content innovators.

The literature has highlighted interesting aspects of the economics of Net
Neutrality, although it has not created a general consensus. One point that
emerges from two-sided market models is that laissez-faire will not result in
efficient pricing. This conclusion applies when there is market power but also
when there is competition. Competition alleviates the problem but doesn’t
eliminate it. However it is quite difficult to reach a simple conclusion on the
nature of public intervention that would restore efficiency. Allowing ISPs
to charge a positive price for content may reduce the supply of content but
it also intensifies competition to attract consumers, as increased customers
participation can be leveraged with higher revenue on the content side of
the market. Thus the precise nature of the intervention that would foster

efficiency is unclear (see Economides and Tag (2009) for instance). One

'FCC, " Preserving the Open Internet:Final rule”, http://www.gpo.gov/fdsys/pkg/FR-
2011-09-23 /pdf/2011-24259.pdf.



open question is whether addressing these inefficiencies is better done with
regulation or with standard application of anti-trust policy by anti-trust au-
thorities.

The analysis of a two-tier system has highlighted the effect of price-
discrimination on content innovation. Prices allow ISPs to capture part of
the innovation surplus which may reduce the incentives to innovate (Herma-
lin and Katz (2007), Grafenhofer (2011)), although the two-sided nature of
the market alleviates the problem (Grafenhoffer (2011)). Moreover in models
of congestion, a two-tier system implies a reduction of quality for the lower
layer (Economides and Hermalin (2010)). These inefficiencies however must
be compared with potential efficiencies arising from improving the quality
for some services while maintaining the possibility of access to all contents.

The literature has also pointed to ambiguous effect of Net Neutrality
on investment. Reduced ability to remunerate investment through adequate
pricing strategy suggests that Net Neutrality may impede investment in ca-
pacity (Hermalin and Economides (2010), Bourreau, Kourandi and Valletti
(2012)). However two-sided market effects may reverse the conclusion. As
ISPs try to optimize the service offered to consumers, reduced traffic man-
agement possibility due to Net Neutrality along with increased traffic may
lead to larger ISPs investment (Canon (2010)). This occurs if investment
and traffic management are two substitutable instrument that ISPs can use
to accommodate a traffic increase. Moreover, when there are two qualities
of services, one of which being free, the risk is that the ISPs try to enhance
the return on high quality by creating scarcity of bandwidth or degrading
the quality for the free service. This calls for imposing minimal standards
for QoS on basis services (Choi and Kim (2010), Bourreau, Kourandi and
Valletti (2012)).

While the literature provided new insights, some specificity of Internet
are not well discussed so far and deserves specific attention. In what follows
we wish to highlight and discuss three aspects all related to the ubiquity of

free services on Internet.



A. The missing price

One of the obvious specificity of Internet - and a key element in its suc-
cess - is the ability of agents, producers but also consumers-producers, to
innovate in terms of information services and business models. In particular,
large successes on Internet have involved business strategies based on ser-
vices offered for free to consumers. This was made possible by the relatively
small variable cost of information goods and the potential for leveraging the
information acquired on consumers by offering advertising-type services to
third-parties (obvious examples are Google, Yahoo News or Facebook).

As a result of these new business models, we may view the economics
of Internet as a case involving missing prices. Consumers don’t pay for
the content which prevent prices to play their role of signal of scarcity to
consumers and of value to producers.?

From this perspective we may view the net Neutrality problem as fol-
lows. Efficient traffic management must ensure that various actors on the
web internalize the cost they impose on the ecosystem, being a physical cost
or a congestion cost. The question is then how to price congestion cost. In a
network, the cost when communication takes place is the result of the inter-
action between two agents. In our case it is the consumer who receives the
traffic and the content producer who sends the traffic. How the consump-
tion is transformed into costs depends on factors that are usually known
and controlled by the content producer or the network. Hence consumers can
barely foresee the cost they impose on the network at the time they choose
consumption. Thus some signal must inform them.

The answer to this problem in a market economy is that the cost is charged
to the producer who imbeds it into the price he charges to consumers. In what
follows we will make this transparent and show that the logic applies for a for-
profit network only under some demand conditions. However, in situations

where goods are offered free of charge to consumers this mechanism cannot

2The definition of two-sided markets proposed by Rochet and Tirole emphasizes that
two-sidedness follows from some restriction on the set of prices available.



be used and alternative ways to signal costs must be invented. We will argue
in the paper that the missing price perspective suggests that charging both
sides is optimal, although whether content is charged a positive price or not

depends on the context.

B. The choice of business model

The second aspect that deserves some attention is that decisions con-
cerning the pricing of traffic may significantly impact the choice of business
model by content producers. Indeed the business model adopted by content
suppliers is endogenous. Typically suppliers will adopt the business model
that maximizes their profit (or other objective if they are a not maximizing
profit) and their survival chance faced with competition. To some extent, we
may view the success of the free service model as resulting from the very low
functioning cost on Internet. However which business model prevails depends
on the market condition. In particular input prices affects business models
in various ways. Clearly the free service model is the most affected by an
increase in input prices as the producer has no way to share the cost with
consumers. As we will argue, raising prices for content in the context of free
services should trigger not only exit of some content but also a shift from

free services to paid services.

C. Social vs. private value

While we emphasized that free services imply that consumers do not
receive the right signal about the cost generated by their activity, we must
realize that producers also face the wrong signal. Indeed content prices and
profits usually signal to producers whether their product is valuable or not,
which helps align the private incentives to invest and innovate with the social
incentives. With a free service, the only signal that a producer obtains from
the market is the consumption at zero price. Hence the signal is less flexible
and of lower quality. This raises in particular the risk of supply overload as
suppliers with large demand but little social value may flood the market.

Notice that, concerning information goods, such an overload will have a cost



in terms of traffic but also by diverting the limited cognitive resources of
individuals from more efficient usage. As pointed by H. Simon (see also
Anderson and de Palma (2009), van Zandt (2004), Falkinger (2007), (2008)),
attention is a scarce resource and excessive supply of information may create
information congestion. From this perspective one must evaluate the impact

of various pricing schemes on the incentive to supply information.

Our paper

In this paper we consider a network that intermediates the traffic between
content producers and consumers. The content is heterogenous in the cost of
traffic (referred to as the load). Consumers know their preferences but not
the load generated by their consumption; a content producer knows his load
but has no direct control on the consumption. Content producers may receive
income proportional to traffic, such as advertising revenue or direct utility
for the producer, and may or may not charge a retail price for content. In the
first part of the paper we take the business model as given; we endogenize it
in a second part.

The network observes only the cost of traffic but not the consumption
nor the load. Based on observed cost of traffic the network can charge a
congestion price to one or both of the parties involved in traffic generation.
Our question is then to determine the optimal price structure. In this context,
the question of Net Neutrality amounts to ask whether the price charged to
content producers should be regulated and at which level.

We assume that the market for content is competitive and that the net-
work can charge a hook-up fee to consumers. We compare the case where
content is sold at a competitive price and the case where content if free. If
the content is a paid content, both the socially optimal and network tariff
charge only the content producers for traffic with a price equal to cost. The
cost is then fully incorporated into the retail price charged by the content
producer to consumers.

In the case of free content, there are two types of inefficiencies. Firstly,

consumers do not know the cost when they choose consumption. As a result



their consumption may only reflect the average cost of traffic instead of the
true cost. Hence, when charged the average cost of the network, there is
overconsumption of the most traffic intensive content and under-consumption
of the least traffic intensive content. Secondly, charging a price to content
may exclude high load content as the producers cannot pass-on the cost to
consumers when the good is free. The socially optimal tariffs are such that
the consumers are charged a congestion price equal to the expected cost of
traffic net of the value generated for content producers, which corresponds
to a typical two-sided market price formula.

The network charges a positive price to content which shifts the rent to-
ward him and reduces the opportunity cost of traffic. The content producers
may be charged an exclusionary price (that prevents high load content to
enter) if the load dispersion is large. A positive price for content allows the
network to raise the value offered to consumers and thus profit, by reducing
the congestion prices for consumers. When there is no exclusion the resulting
price structure is constrained optimal, but the network may induce excessive
exclusion. Net Neutrality can raise welfare only if the proportion of high
cost to low cost content is neither too high nor too low.

We then endogenize the choice of business model. For this we assume that
in order to collect a price for content, the content producer must put into
place a costly micro-payment technology. The content producer will then
choose between a high cost paid service or a low cost free service (where
the only source of revenue is advertising). When the supply of content is
competitive, competition will lead the producers to offer the best service to
consumers subject to zero profit. We show that this implies that competi-
tive producers will offer a free service provided that it is sustainable, thus
provided that advertising revenues are sufficient to cover the expected cost.
Therefore, increasing the congestion price charged to content producers may
result into the adoption of a paid business model, with the associated in-
crease in cost due to micro-payment. We then investigate the consequences

and show that, despite inefficiencies, this reduces the social cost of congestion



pricing because content that would be excluded if it was forced to stay free
can now change its business model and survive. In this context no simple
regulation unambiguously dominates the others.

We then characterize a mechanism designed to achieve transmission of the
right signal to consumers. It involves screening different types of contents by
a menu of tariffs and making the tariffs transparent to consumers, referred
to as "category pricing". This requires that communication takes place prior
to consumption. We show that the optimal allocation can be implemented
by a offering a menu of categories associated with pairs of congestion prices
(for receiver and sender). Each content producer chooses a category, and
consumers are informed of the category prior to consumption. The price
paid by consumers decreases with the price paid by the content. Faced to
the menu, each content producer must trade-off the volume of consumption
with the cost of traffic. The lowest load content will then opt for the highest
consumption while the highest load content will opt for the lowest congestion

cost.

2 Model

We analyze the tariff charged for traffic by a network (in the case of Internet,
an Internet Service Provider (ISP)) to two sides of the market: consumers
and content producers (or CPs). The mean demand for the content when
consumers face a price p per unit of content is E (q) = D (p). We assume
that the consumption D (0) of free goods is positive and bounded, and that
there exists p such that D (p) = 0 for p > p. We denote by U (q) the
representative consumer concave utility function defined by U’ (¢) = D! (q)

the inverse demand curve. Then the indirect utility function is defined by

S(p) = max, U(q) — pqg.

We wish to emphasize the different impact of the traffic pricing depending
on whether the content is free or paid. Of course, it is the content producer

who decides on charging a price or not. To capture the fact that changing
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the tariff may change the business model we build a simple framework that
allows for endogenous business model. Suppose that each unit of generate
a net benefit a per unit for the content provider. This benefit, which can
be positive or negative, includes the advertising revenue and other benefits
of the CP but also the cost distributing the content. A content producer
can choose to offer the good for free, which can be profitable if a > 0, or to
charge a positive unit price p. But in order to charge a price, some micro-
payment technology must be used that implies a unit cost p > 0 per unit
of consumption.> Except in the pay content section where it will matter,
we assume that a and p are known and the same for all content, as this
does not alter the main messages but simplify the formulas. We discuss the
general case where all parameters are heterogenous in appendix. Because
we wish to focus on the traffic management issue, we rule out monopoly or
oligopoly distortions on the market for content and assume that each content

is competitive with a continuum of suppliers.

Any transaction between CP and consumer generates a load for the net-
work. More precisely, for any unit of consumption, each CP will generate a
cost 3 (referred to as the load) to the network so the consumption of ¢ units?
of content with a load [ generates a cost 5¢q to the network. Each content is
thus characterized by the cost it imposes on the network when a consumer
download it. Admittedly we do not model explicitly congestion. One view
is that the network needs to expand resources to maintain the quality of
service and that 3 reflects this need.” In a more general set-up with explicit
congestion, S would be interpreted as the shadow cost of congestion.

We assume that 3 is unknown to consumers and the network, but known

to the content producers. More precisely, § can take on two values: § €

3The analysis would be similar for a cost proportional to sales. We assume also that j
is paid even if a zero price is charged ex-post.

4For example, ¢ may be the number of songs downloaded by the consumer while
is the bandwidth taken by each video. Alternatively one may view ¢ as a number of
subscriptions and [ the traffic for one subscription.

When the cost is only related to congestion, one may view 3¢ as a cost that the
network will bear ex-post to maintain the traffic.
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{Q,B} with probabilities A and 1 — A, where 0 < § < 3. We denote by 3¢
the mean values of 3. We refer to 3 as the high load content or HL content,
and to 3 as the low load content or LL content.

While the content producer has information about the load, the level of
consumption is determined by consumers. Moreover, the network cannot
monitor 5 and ¢ but observes the ex-post realization of cost S¢ and can
charge any side for this cost. We restrict attention to linear traffic prices in
the main part of the paper, s3q to the content producers and rS3q to the
consumers. Many networks (and in particular ISPs) charge hook-up fees to
consumers in which case the network objective may internalize the surplus
of consumers. The extent to which the hook-up fee allows the network to
capture an increase in consumer surplus that traffic management generates
depends on various factors and in particular the elasticity of participation to
the network. We develop the case where the network maximizes the sum of
its profit II and consumer expected surplus SC.

We denote V' = SC+I1 and refer to it as the network value. Maximization
of SC + II occurs when consumers do not have private information about
their expected surplus before joining the network. Then it is optimal for
the network to maximize the joint expected surplus with consumers and to
use the hook-up fee to share this surplus with the consumers. This is valid
both for monopoly and competition, provided that consumers uses only one
ISP while content may be distributed on all ISPs (thus we rule out exclusive
contract between ISP and content). The market power of the network then
determines the level of hook-up fee, but not the tariffs for traffic. ¢

In line with the current debate, we rule out hook-up fees for content and

6 Maximization of IT would correspond to situation with zero or exogenous hook-up
fees, and to situations where the marginal consumer for the participation decision does
not consume the content. A simple model that illustate this outcome is the following.
Participation utility (gross of transfers) is v+ 0u (¢/0) , where v is fixed and 6 is uniformly
distributed on (0, 9). If the parameter 6 is unknown to the consumer before he decides to
participate, then the network maximizes V = II+SC. If the parameter 6 is known before
the participation decision of the consumer and v is large, then the optimal hook-up fee is
v and the monopoly network sets traffic prices to maximizes II.
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focus on the traffic sensitive price for content.
Timing
1. The network chooses the prices r and s.

2. CPs observes [ and decide to exit, be free or paid. In the latter case,

the price p is set at the competitive level.
3. Consumption takes place, as well as payments from consumers to CPs.

4. Traffic is observed, payments to the network take place.

Competition will lead content producers to maximize the value offered to
consumers provided their profits are non-negative. Whenever a > sf3, the
competitive allocation corresponds to a free-content. Indeed a free-content
cannot be displaced by a paid content and is profitable. Whenever a < s0,
a free content allocation is not sustainable hence the only possibility for a
competitive equilibrium is a paid content with p = s —a+pu. We assume that
entry is always efficient if priced at the true marginal cost, i.e., 3+ —a < p.
At last, we denote the maximal congestion fee for free content for both types
of CP as

s=a/f and 5 =a/B, with s > 5.

Our objective in what follows is to discuss the determination of the prices
r and s, and the impact of various regulations of s both on the business
model and on the signal perceived by the consumer on the impact of their
consumption. For this purpose we will start with simple benchmark cases,
showing in particular that the first best easily achieved with paid content.
Then, we will see how the presence of free content modifies this result and
alter the way consumers are signaled the cost of their consumption on the
network. This leads us to discuss the impact of various price regulation on

the efficiency and the choice of business model made by the CPs.
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Note at last that when evaluating welfare we will assume that content
producers capture the full surplus of the advertisers so that a is also the

social value of adds.”

3 Benchmark

3.1 Full information

To illustrate the model, consider the socially optimal prices for the case of
a single content with full information. If negative prices for traffic could be
implemented, the optimal allocation would implement free goods and uses

the traffic prices to control for consumption with:
r=1—a/f and s < a/p.

The tariff induces efficient consumption (consumers face a price 8 — a),
while avoiding the micro-payment which is optimal because the network bears
no transaction cost.®

The difficulty with the above solution is that it involves negative prices
which may not be feasible. Suppose that negative prices cannot be used, then
charging a non-negative price to CPs for the traffic may force the content

producers to charge a positive retail price. In this context, we obtain:

Lemma 1 Under full information, the socially (constrained) optimal alloca-
tion is obtained by :

i) chargingr+s =1 if a <0 (paid content)

i) charging r = max (1 —a/3,0) and s < a/f if a > 0 (free content).

TAn alternative is to consider that advertising induces some socially wasteful expenses
in which case the weight attached to the website advertising revenue is less than one.

8This is a reasonable assumption given that the network can incorporate these payments
into the overall bill for the service.
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Proof. We solve

W = max Ul(q) — (B+ plpso —a)gq

$>0,r>0
stU (q) = rB+p
= sB—a+puif sf—a>0
= 0ifsf—a<0

A paid content is necessary for the participation of content if a < 0. Then
we have p = s —a + u so that U'(q) = (r+s) — a + u and welfare is
maximized at r + s = 1.

If a > 0, a paid content allocation is dominated by a free content with the
same cost supported by consumers (with 7’ such that ' = r5 + p). Hence
sf—a < 0, welfare is then maximal when U’ (q) = 5 =  —a if it is positive
and r = 0 if it is negative. m

Notice that setting s = a/f in the case ii) of the proposition generates an
allocation that is (constrained) efficient and such that the content producers
receive zero surplus. The value V = SC + II is then equal to the maximal
welfare W. This implies that the network maximizing V' would implement
the social optimum under full information about 5. Thus our model is such
that under full information a laissez-faire policy is optimal.

Provided that the net revenues are positive, the optimal allocation is ob-
tained when the network intermediates the relationship between the content
producers and the consumers so that the content is free and the consumer
pays only the network. This corresponds to some form of vertical integration
or a buy-and-resell model. Although this is not the topics of the current pa-
per, notice that this is a solution adopted for some services by ISPs (as TV,
VoD or phone services). This highlights an important property of our model,
which is that introducing price for content is costly and thus that it should

be avoided if alternative solutions can achieve the same consumption.
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3.2 Paid content

Let us start by assuming that a < 0 so that all content is paid. To simplify
and without loss of generality we normalize p = 0.

Under our assumption of a competitive market, the retail price for paid
content is p = s3. Consumers on the other side face a price p for the content
and rg for the traffic. When deciding how much to consume facing r > 0,
they must form some expectation over the traffic they will generate. For this,
they may rely on the price of the content. Indeed if s > 0, the price of the
content reveals some information about traffic: more expensive contents on
average generate more traffic. For instance, a rational expectation equilibrium

is defined as an allocation such that:

p = sB (1)
= D(rE(B|p)+p). (2)

Equations (1) and (2) capture the idea that consumers will eventually
realize that they tend to have more traffic when they consume more expensive

content.

Remark that when all content is paid content, the profit of the content
producers is zero. Therefore total welfare is equal to the sum of the con-
sumer surplus and of the network’s profit, i.e. W =V . Hence the network
maximizes total welfare. Notice then that by setting s = 1 and r = 0, the
network induces a retail price p = 5 and obtains V' = E3 {S ()} which is the

maximal total welfare that can be generated. Hence this must be optimal.

Proposition 1 With only paid content, the network maximizes total welfare

with optimal tariffs s =1 and r = 0.

Proof. The first-best is obtained fort =s=1andr=0. m
Hence social optimality in the case of paid content requires that the con-

tent producers pay for traffic. This is because this induces the best price
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signal for consumers as the content producers are in the best position to set
this signal. In this case, the optimum has a very standard structure: the
network sells the traffic at cost to the content producer who then set the

retail price.

Note that provided that s > 0, we have E(§ | p) = . It follows that
an alternative way to implement the first-best is 0 < s < 1 and r =1 — s.
However it cannot be the case that s = 0 because with no price s, the retail
price of content p is not informative. Hence the robust conclusion is that
there is a positive price for content.

The solution with » > 0 and s > 0 is more complex at it requires 2 prices
(it cannot be the case that s = 0) and would be dominated if there were
some noise in the consumers’ inference process. To see that suppose that a
is random with support [a,a] and unknown to consumers. The quality of the
consumers’ information depends on the precision of the signal transmitted
by prices on the load. This suggests that s = 1 is optimal. Indeed, given the

above inference by consumers the value can be written as
V=5SC+II=E{SUrEB|p)+p)+r+s-—1)E@[pDrEG]|p)+p)}.

If there is noise with 3 — B < a— a, then at any r > 0 there is a positive
probability that rE (5 | p) + p # 5 and therefore V' < Ez{S(8)}. On the
other hand setting s = 1 and r = 0 still implements the first-best because
with these prices the consumers’ expectation over [ are irrelevant and the
retail price reflects the true cost.

Hence when all content charges retail prices, there is a strong argument

for a traffic price equal to marginal cost paid by content producers.

4 Free content

Let us now turn to the case where all the content is free. In this case we

assume that p is very large so that a paid content is not an option. Notice
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that a free content is profitable only if a > 0 which we assume from now on.

Absent any price for traffic, all content producers are active but a positive
price s may induce some exclusion. Notice that a price s charged to content
is not reflected in an equivalent increase in the cost supported by consumers.
This has two implications:

i) If the network wishes to reduce the consumption, it has to do so with
a price r > 0 to consumers; the reduction is then uniform across contents.

ii) If the network wishes to reduce selectively the consumption of HL
contents, he can only do so with a price s high enough that the HL content
producers exit from the market.

Notice also that we are restricting ourselves to a single price r and a single
price s that are determined ex-ante. In particular we rule out for the moment
sophisticated schemes that tries to intermediate the relation between the CPs
and the consumers. We will discuss these schemes in the last section of the
paper.

A second important point is that, unlike paid content, the free content
producers obtain a positive surplus that is not eliminated by competition.
As we assume away wasteful dissipation of this surplus, this means that the
objective of the network and social welfare do not coincide even if the network
internalizes consumer surplus. Then the network will try to capture the CP
surplus which creates an incentive to tax CPs.

As a price s > 0 allows to appropriate part of the surplus of free content
producers, we expect the network to exclude too much content, but we will
see that this point is not obvious.

Facing a price s, the CPs stay on the market if they anticipate a non-
negative profit , hence if s5 < a. This implies that the volume of free content
is: ~

M:{ 1 ifs<s=a/s;

A ifs<s<s=a/B.
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The average traffic load is then ¢ = E [ | s| given by

¢={ﬁe ess

B ifs<s<s

Increasing the tariff s above § excludes HL content and thus reduces the
average load.

In a rational expectation equilibrium, consumers correctly anticipate the
mean load and the traffic cost r¢. As they do not pay for content they will
consume D (r¢) for each content.

We can then define the consumer surplus and the profit:

SC =M.S(r¢), =M. (r+s—1)¢D (rp).

As above, the network maximizes the joint surplus with consumers
V=MI[S(r¢)+(r+s—1)¢D (r¢)]

The term S (r¢)+ (r + s — 1) @D (r¢) captures the incentive to maximize
the joint surplus of the network and consumers for a given value of s (hence

of ¢). Internal efficiency is then achieved by setting a price
r=max(1l—s,0). (3)

When s < 1,we have V' = M.S ((1 — s) ¢) which is the consumer surplus
from free content, accounting for the cost reduction that the tax on content
generates. The network chooses s by comparing

V() = max[S(rB°)+(r+5—1)8°D(rp°)] if s=35

r>0
and

V(s) = Amax[S(r8)+(r+s—1)8D(rg)] ifs=s

r>0
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Note with the low CP price (s = ), there is no exclusion but some rent is
left to the LL content and the cost of traffic is high while with the high price
(s = s), the HL content is excluded but all the LL content rent is captured
by the network and the cost of traffic is low.

Lemma 2 There exists \* > 0 such that the network excludes the HL content
with a price s if A > \*.

Proof. Denoting R = r¢ the expected congestion cost for consumers, there

is exclusion if

Amax [S(R)+ (R+(s—1)B) D (R)}—xgggc [S(R)+ (R+(5—1)B°)D(R)] >0
Notice that there is no exclusion if A = 0 (because demand is positive at

price (1 — §) 5°) and there is exclusion if A =1 (because s > 3).

The slope is
max [§ (R) + (R+ (s = 1) §) D (R)] = (5 = 1) D (max (1 - 5,0) 5°) (8 - )
and the second derivative is 0 if 1 < 5 and D’ ((1 — 5) %) (1 — 5)° (8- B)z <
0 if 1 > 5. The condition is concave or linear which implies that it hold for A
above a threshold \* =

Typically the network will tax the content when the effect of exclusion

on the average cost is large and when the average consumer surplus per unit

of consumption is small.
At A = X" we have (denoting R = r¢) :

X max S (R) + (R+a= ) D(R)] = max[S(R)+ (R+ (a/3) 5 — ) D(R)]

where [ = )\*_ﬁ—i- (1—=X\)p

This defines \* as a function of all parameters (including a). The condition
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can be written:

max [S(R)+ (R+a—p)D(R)]

= max S(R)—l—(R—i—aé/B—ﬁ)D(R)—l—M

nay (S (B + (R+a-B) D(R))

In particular we see that \* goes to 1 when a goes to 0.
When a > 3, we have 5§ > 1 and the value of r is always zero so that we
have

L2 50+ (-8 D)
SO+ (=B D)

s<o>+(a—3)p(0)+a(%§)p<0)

S0)+ (a—p)D(0) = S(0)+ (aB/B— ) D(0)
_l’_

—_— )\*:

which converges to A = % when a goes to infinity. Notice that 1/2 < A < 1.

Hence \* decreases from 1 to A with a.

Unlike the paid-content case, the choice of the network is no longer op-
timal as it doesn’t account for the surplus of the content. Indeed, using the

definitions of s and 5, total welfare can be written as

W(
W(

W]

) = V() +AMa-B)D(R)
) = Vs

|®»
I¥3

where R = 3°max (1 — 5,0) . An immediate remark is that W coincides with

the objective V' when there is exclusion. We then find:

Proposition 2 With only free content, there is excessive exclusion by the
network.

1. If a > 3, the optimal level of s is 3, inducing r = 0 and no exclusion.
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2. If B> a > B, the optimal level of s is 5§ with no exclusion or any

s € [1, s] with exclusion. Exclusion is optimal for X large.

3. If B > a, the optimal level of s is § with no exclusion or s = s with

exclusion. Fxclusion is optimal for \ large.

Proof. See appendix =

The network who internalizes the consumer surplus acts as a monopoly
on behalf of the consumers (who pay then the cost ¢ but receives revenues s
per unit of consumption). The revenue s is then redistributed to consumers
in the most efficient way, that is by a reduction of r below ¢ along a fixed
transfer if s > 1. In contrast with the case of paid content, the situation
is now one with a two-sided market where the network extracts revenue on
both sides. As a result there is excessive exclusion by the network when the

content is free.

The optimal regulation is quite simple when a > /. Indeed in this case
imposing marginal cost pricing s = 1 leads to the optimal allocation. To
see that notice that in this case lemma 1 shows that the full information
optimum is at r = 0 and free content. But this is precisely what the network

does if it is required to price s at cost.
Corollary 1 Ifa > 3 an optimal requlation is marginal cost pricing s = 1.
Proof. Immediate from above. m

Of course this case is not the most interesting as the optimum is trivial.
If a < /3 the HL content exits at s = 1 so that a regulation at s = 1 is clearly
dominated by laissez-faire where the network may (efficiently) decide to let
the HL content survive. Then an alternative is a Net Neutrality regulation
that impose s = 0,which we examine now.

A first immediate remark from above is that, as for the paid content,
a small positive price is preferable to a zero price provided that the price

stays below 5. This is because the price r charged to consumers under Net
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Neutrality is excessive (r = 1) and consumption is sub-optimal. Increasing s
induces the network to reduce r which is welfare improving.
In particular, if the regulator knows that there is no risk of exclusion

(A < X*), then a zero price requlation is dominated by laissez-faire.

The key question is whether Net Neutrality may dominate laissez-faire if
A > A*. The benefit of allowing exclusion under laissez-faire is two-fold:

i) the average cost of traffic is lower;

ii) the consumption is larger for the non-excluded content because r is
low (due to the sea-saw effect that induces the network to reduce the price r
when it can charge a positive price s).

On the other hand, a zero price regulation avoids exclusion of potentially
valuable content. Whether such a regulation is optimal or not then depends
on the social cost of exclusion.

When s = 0, the network sets a consumer price » = 1. Surplus is then
W(0) = S(8°) + aD (5°)

which is increasing in A (as a > 0).

Let us assume that D is linear or convex. The optimality of a zero price
s regulation depends on the sign of W (s) — W (0), which is concave in A,
negative when A = 0 and positive when A = 1 (as W(s) is the maximal
welfare when A\ = 1 and R < ). Hence the regulation is optimal below a
threshold ).

To evaluate the policy we need to evaluate whether \y > A*. Indeed if
Ao < A*, there will be no value of A for which the policy is optimal. We then
have

Lemma 3 Assume that D is linear or convex, then there exists g such that
Ws(0) > W (s) if and only if X < Ao. Moreover \g > X" if a is small, or if a

is large and D (%) > %D (0).

23



Proof. See appendix. =
The zero price requlation then dominates laissez-faire if and only if Ao >
A and X € (A", \o).

5 Endogenous business model

In this section we extend the analysis by allowing the content producers
to choose between a paid model and a free model. We are interested in
understanding how the network can screen between traffic intensive and other
contents, by inducing some content to change its business model. To focus

on this issue, we make the following assumptions
Assumption 1 § <a < .

The condition ensures that the LL content should be free of charge, while
absent transaction costs the consumers should pay a positive price for the
HL content. As we have seen above the optimal regulation if all content
should be free (a > ) is obvious and corresponds to marginal cost pricing
s = 1. We discuss the choices of the network for this case at the end.

The choice of business model for the content depends on the price s.
When s = 0 it is free, then as s increases more and more traffic intensive

content becomes paid:

1. If s < 5, then all content is free;

2. If s < s < s, then the LL content is free, while the HL content is paid
at price p = s + p — a;

3. If s < s, then all content is paid.

Note that assumption 1 is equivalent to § < 1 < s.
In contrast to the previous section, the content that was excluded before

is now sold at a positive price. Effective exclusion only occurs if s is so high
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that p > p (see below). Thus the social cost of exclusion is lower and we
expect that laissez-faire is less detrimental. From the point of view of the
network, the cost of raising s should also be lower because the consumer loss
due to exclusion is lower.

Let us first derive a preliminary result.

Lemma 4 For any price s, the platform optimal choice of consumer price

is r = max (1 — s,0)
Proof. See the Appendix B on the general case. m

As discussed in the appendix this conclusion is fairly general and depends
only on the fact that the network maximizes the value V = I1 + SC.

Let us consider now the optimal strategy of the network. First we notice
that as long as s < 5, the analysis involves only free content and thus the
previous section results apply. If the network decides to induce only free
content it chooses

s=35andr=1-3s.

The value of the network is then
Vf:S((l—E)Be).

For a higher price s, some content is paid. It is easy to see that because we
have assumed that s > 1, the network will never charge a price that induces
only paid content. This is because for the LL content, the optimal consumer
price is zero and the network can reap the full surplus with a price s = s.

Thus it is better to charge a large price below s than a price strictly above.
Lemma 5 The network never charges a price s such that all content is paid.

Proof. Suppose that 5 > s. Then the price is p = sf + 1 — a and the value
is
E{S((r+s)B+p—a)+(r+s—1)BD((r+s)8+p—a)}
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Because s > 1, the optimum is r = 0 and s = s + € with ¢ very small. The

profit is then close to

AS () +(s=1)BD (w)]+(1 =) [S(sB+p—a)+(s—1)BD (sB+ p—a)]

But then with a reduction slightly at s the network would induce the LL

content to be free and obtain
A[S(0)+(s—1)BD(0)]+(1 = A) [S(sB+p—a)+(s—1)BD (sB+ p—a)]

which is larger. Hence the LL content is always free. m
Thus the alternative to all free content is a price that induces only the
HL content to be paid. In this case, consumers can perfectly infer the load

from the business model. The profit is then for s > s:

Vo= X(S(rB) + (r+s—1)BD (rp))
+(1=N[S(rB+sB+pu—a)+(r+s—1)BD(rB+sB+p—a)]

It is quite immediate that

Lemma 6 When the network chooses to induce some paid content, it sets
prices 1 = 0 and s? € (1,s]. There exists \* < 1 such the price sP is
increasing with X < \* with s> =1 at A =0 and sP? = s for A\ > \".

Proof. See appendix =

The optimal price for consumers is always r = 0 as the net revenue is
positive. On the other hand the optimal price for content producers balances
the total revenues generated by the two types of content. Indeed the revenue
from the free content increases with s while the total revenue generated by the
paid content (traffic plus consumer hook-up fee) is maximized when s = 1.

Hence the optimal price s” increases when the share of LL content increases.
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From the above result the maximal possible price for content is s. At this
price we may distinguish two cases depending on whether the paid content

is excluded from the market or just from the free segment. Define the cut-off

pta—p
/6 b

corresponding to the maximal congestion price at which the HL paid content

s =

faces a positive demand.

e If s < 5, then the HL content is never excluded from the market (this
occurs when 3/ < 1+ E4)

e If s > 5, then the HL content may be excluded from the market.

In the latter case we can decompose the problem by defining

VP = max \[S(0)+ (s — 1) 8D (0)] (4)

(=N [S (Bt p—a)+ (s —1)BD (sB+p—a)]
We then have

VP = max (V”, A [S (0)+(s—1)BD (O)D

and the HL content exits the market for A > A*. Let us now turn to the choice
of congestion price. The network compares V/ and V? defined in (6) . Given
that V? is larger or equal than the value with free content and exclusion, we
expect that the network excludes more often the HL content from the free

segment:

Proposition 3 There exists \**, with 0 < X** < \* such that all content is
free if and only if X < \*™.

Proof. See appendix =
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The proposition shows that the network excludes at least as much when
the business model is endogenous than when only free content is available.

A sufficient condition for A > \** is

hY _ _
1_)\) (ﬁ_a)ﬁ/ﬁ

k<

Indeed this condition ensures that S ((1 — X) (8 + p —a)) > V/. Using V> >
AS(0) + (1= A)S(B+p—a) and the convexity of S, we obtain V7 >
S((1=X)(B+p—a)) hence VP > V/.

Whether the HL content is paid or excluded for A > \** depends on the

value s and p.
Corollary 2 When the business model is endogenous
1. If s < § then \*™ < \* and the HL content is paid for A > \*™*.

2. When s > 3,

e if 1 is not too large, then \*™* < \* and the HL content is paid for
A< N < AT (where X < A7),

e otherwise \** = \* and the HL content exits if A > \**.

Proof. If s < § then V? > A [S(0) 4 (s — 1) 8D (0)] implies that V? > V'/
at A* and thus \** < A*. The same holds for s > § if A* > \*. The only
case where \™ = \* is when s > § and \* < A\* which occurs if at \*,
A [S(0)+ (s—1)BD(0)] =V/ > V7. This occurs if u is large.

As § < 1, we have

g
B

VP> MS(0)+ (1= \)S (B+pu—a) >S<(5—a) ) if p is small

so that we have \* > \* for 1 small. m

The corollary highlights the new features compared to the free-content

model. The first statement says that when full extraction of the rent of the
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LL content is compatible with the survival of the HL content as paid content,
this will occur more often then when it implies exit. The second statement
derives conditions under which partial extraction of the rent of the LL content
maintaining the participation of HL content is preferable to all free content
or full extraction of the rent of the load content but with exit of the HL
content.

The last statement says that if u is large, then the paid content is never
induced by the network policy. This is because this requires too high retail
prices for the paid content which reduces the consumer surplus from paid
content so that the network prefers to extract the full rent of the LL content.

The possible configurations are illustrated in the next three figures.

Case with no exclusion Case with exclusion
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Case with only free content (large cost

1)

Let us now discuss the regulation of s. Notice that unlike the previous
section, there is now some scope for regulation of prices at levels that differ
from s and s. First whenever s > §, reducing the price from s to below §
when A > A" can only raise welfare. Indeed as § > 1 the price r stays at zero
so that the welfare is unchanged for the LL content but the HL content is
present in the market while it was not before.

Moreover in the range where § > s > 1, the HL content is paid and we

have

W =X[5(0)+ (a—p)D0)]+1 =X [S(sf+p—a)+ (s8—05)D(sf+p—a)]
()
which is maximized at s = 1. Thus the network sets the price s? at an
excessive level.
This suggests that a price cap may improve the situation. The difficulty
with a price cap is that the network may charge a positive price r if the
price-cap is too tight.

Proposition 4 The optimal requlated price s is less or equal than 1.
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Proof. See Appendix B on the general case m

This result is general, and does not depend on the particular distribution
of 3,a or p. The difficulty with this result is that the precise value of s% is
complex to determine. An ex-ante regulation would require detail informa-
tion about the all the parameters prior to observing the market. When this
is the case the regulator may opt for simple rules such as a zero price s or
cost orientation s = 1.

However while the result shows that some level of s® would improve on
laissez-faire, it is not the case that any level below 1 would do so. As we
show now, there is no simple rule that is always optimal. For the discussion,
we now focus on comparing the laisser-faire with three regulatory options:

cost orientation (s’ = 1), a price-cap s < 1 and a zero price s® = 0.

Note first that when A\ > A\™*, a regulated price at s = 1 dominates laisser-
faire. Indeed, imposing s = 1 induces the HL. content to be paid with a price
p = B + p — a that is efficient. This improves welfare because either the
HL content was excluded from the market or the price p was not efficient.
However imposing a fixed regulated price s = 1 may be suboptimal if A < A**
because it induces the HL content to be paid even for high .

One may think that a price cap at s = 1 would solve this issue but
unfortunately a price cap may be suboptimal if it induces the network to
choose a low s with only free content while it would be socially optimal to
have paid HL content even if this means laissez-faire. More generally let
V (s) be the value of the network at congestion price s (when it chooses r
freely) and W (s) be the total welfare. We then have

W () -V (s)=A(a—358)D((1-35)p5°

and for s > §
Wi(s)—=V(s)=A(a—sB)D(0).
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These relations express that at § or above, the network captures all the profit
of the HL content. Using that we see that

WE)-W(s) > V(s)-V(s)
if (a=35)D(1-5)5) > (a—s8)D(0)

A simple transformation shows that this holds when

D((1-5)5) D((1—8)56)>§

3>362W8+(1— D (0)

A price-cap at s > § is improving welfare if there is no excessive incentive

for the network to induce free-content, hence if s > s°.

Corollary 3 If s < 1 (i.e. a small) then a price-cap at s = 1 improves

welfare compared to laissez-faire.

Proof. Suppose that s¢ < 1 and a price-cap is imposed. Note first that
welfare is unchanged if A < A™. Suppose now that when A\** < \, the network
opts now for s = 1. In this case, welfare is clearly improved. Suppose on the
contrary that If A > \** the network opts for s = 5. Then we have V (5) >
V' (1) which implies because 1 > s¢ that W (5) > W (1) > W (s**) where s**
is the level under laissez-faire. m

Notice that D ((1—35)5°) /D (0) lies between D ((1 —35)3) /D (0) and
D ((1—35)B) /D (0), therefore s° is always strictly between § and s. In par-

ticular a sufficient condition for s¢ < 1 is

which holds if s is not too large.

Let us now turn to a regulation at s = 0 (Net Neutrality). First notice

that a price cap at cost may or may not be more desirable
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Corollary 4 If s > 1 (or a large), then a price-cap at s = 1 improves

welfare compared to a regulation at zero price for CPs.

Proof. Suppose that s > 1 and a price-cap is imposed. If the network
chooses s = 5, as W (5) > W (0), welfare improves compared to s = 0.
When the network opts for s = 1 we have V (1) > V (5) which implies
because 1 < s¢ that W (1) > W (5) > W (0). m

Now suppose the only choice is between net neutrality and laissez-faire.
Then the new feature compared to the section on free-content is that both
the social and the private value of raising the congestion price for content is
smaller because the HL content can choose to be paid. One consequence was
that A™ < A*. A second consequence is that the critical level of \gg below
which a regulation at s = 0 is preferable to letting the network set s above 1
is lower than \g. Hence it is not clear whether allowing the content to choose
the business model makes the zero price regulation more or less attractive.

But it reduces the potential cost of laissez-faire

Case /3 < a. For completeness we discuss briefly the case where 8 < a. If
the network decides to induce only free content it chooses s = 5 and r = 0.

The value of the network is then
VI=8(0)+(5-1)3°D(0).

As before the network never charges a price s such that all content is paid
and sets r = 0 if some content is paid. The analysis of s” is similar except
that because § > 1, we have s = 5 for y small. Then the threshold A*™ is
defined as for the case 3 < a.’

One new feature is that if s > § and a — 8 is large, then \* = \** for
all u so that the network never induces paid content. This is developed in

appendix.

9The proof is simpler because V7 decreases with \.
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6 Category pricing and screening

Until now we assumed that the network proposed a unique linear tariff. We
now discuss the possibility to achieve second-degree discrimination by offer-
ing a menu of linear tariffs. Obviously, there is no possibility to discriminate
between different CPs without inducing some differential consumptions. In-
deed, if consumers are not affected by the choices of the CPs, the consumption
g would be the same for all CPs and they would always opt for the smallest
price s. However, the network may try to raise its profits and the value offered
to consumers by combining a higher price for the CPs with a lower price for
consumers. Content producers eager to generate traffic (due to low [ as in
our model or high benefits a) may then opt for this option. The advantage
for the network may be not only to extract more rent from CPs but also
to induce more efficient levels of consumption. We define this strategy as

"category pricing".

Category pricing: The network proposes two tariffs (s, ry) and (sp,rz) .
The CP chooses a tariffs, the consumer observes the tariff and con-

sumes.

Category pricing then amounts to define several classes or categories, that
we denote H and L. Content providers choose which category they want to
belong to and this information is transmitted to the consumers. The tariffs
then depend on the category.

To analyze this strategy in a concise manner we assume that the content

can only be free and the benefits cover the traffic cost of the LL content:
Assumption 2 p is large and 3 < a.

Notice that if the network succeeds in inducing the LL and the HL content
providers to choose different categories, then consumers should eventually
realize that the average load is different for the two categories. They will

thus adapt their behavior to the price of the category but also to the load in
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the category. This interaction between screening on one side and signalling
on the other side is the difference between category pricing and a standard
screening model.

We then define a revealing allocation for category pricing {(sg,75), (sL,71)} as
an allocation with the two properties below:

i) Consumers anticipate that the load is 3 for the category H and B for
the category L;

ii) The HL (resp. LL) content providers choose category H (resp. L).

The first condition imposes that the consumers perfectly anticipate the
traffic load by observing the category (hence a rational expectation equilib-
rium). This implies that we have consumptions D (7’ HB) and D (TL@ in the
categories H and L respectively. Then we have a revealing tariff if the tariffs
induce participation

a> syB and a > sLB

and the following incentive compatibility condition holds:!’

(¢ =suB) D (rub) = (a=s.5)D (rep)
(a=s.8) D (rp) = (a—sup)D(rud)

v

The value is then (recall that U is the representative consumer utility func-

tion):

MU D (rep)) + (518 = B) D (1) |+ (1 = A) [U (D (rub)) + (suB = B) D (ruB)]

When screening, the network maximizes the value under the participation

constraints and the incentive compatibility constraints. To characterize the

10Notice that a revealing allocation may induce sy = s, as long as rg = r;, = 0. In this
case the CPs are indifferent between revealing their types to consumers or not. Thus they
can choose category H or L depending on their type although there is no payoff difference.
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optimal tariff, we make the following change of variables:

qu =D (ruB), qu =D (rcB8), Sy =suqu, S =sLqL

Then the program of the network becomes

V. = maxA\ [U (qr) + BSL — QQL} + (1 =) [U (qu) + BSH — BQH}
st aqy — SuB > aqn — S.p
aqr, — St = aqm — SupB
aqp > SupP and aqp > S

From standard contract theory arguments, the solution involves agy = Sy 3 and

aqr — SLB = aqy — aqu B/ /3. Using these properties the program reduces to

p-8

V =max A |U(qr) + aqr — aqu—=— — Bqv
qL.qH s

+(1—A) [U (qu) + aqu — BQH]

where the quantities are restricted to the range U’ (¢) > 0. The solution is
then

Proposition 5 With free content and category pricing, the network charges
tariffs:

, X BB
sy = S, rg=max|1—-—5+ —— 5,0

Proof. The optimum is at

U/(QL) =0
Ullqg) = maX{B—a—i- A aﬂ_g,O}




We have gy > qp,and all incentive constraints and participation constraints

are satisfied. =

The first question that arises is whether it is indeed optimal for the net-
work to induce separation. The alternative is a pooling allocation at s = §
and r = max (1 — 5,0). In this pooling allocation, consumers do not make
any inference and base their consumption on the average load 3. Because
less information is transmitted to the consumers, such a pooling involves an
efficiency loss. We show below that in addition, separation helps the network
extracting the rent of the LL content. Defining ) as the solution of
BB

B—a—l—l_;\a B—:p

>

we obtain:

Lemma 7 If A < ), the network always prefers to use category pricing than
a single tariff. If \ > X, the network excludes the HL content.'!

Proof. Suppose first that § > 1. Then the price for consumers is r = 0 so
that the allocation implemented with a single tariff is gy = ¢, = D (0) and
sy = s, = 5. This allocation is in the set of revealing allocations (see footnote
10), and is thus dominated by the optimal category pricing.

Suppose now that 5 < 1. The pooling allocation is s = § and r = 1—5 with

demand D ((1 — §) 5°) . Consider the following revealing allocation

sy = 5 qu=D((1-3)p)

sp = §<1—Z—IZ5‘%§>; qr = D (max (1 — s1,0) )

UNotice that A > \*. Indeed the fact that the network chooses exclusion of HL when
discrimination is allowed implies that it prefers that to a bunching at s.
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We first claim that such an allocation exists and s; > 5. To see that

define o (s) as

U(S)_—<1 D (max (1 —s,0) 5) B )

This mapping is non-decreasing with s, with value o (5) > 5§ and maximal

valueo (1) =0 (s) =s (1 — %%ﬁ) < s.Hence there exists s;, > § solution

of o (sy) = sg, which is the value in the revealing allocation.

The value V' under pooling is (by convexity of .S)

S(1-5p8° < AS((1-88)+(1—=NS((1-35)p)
< AS((1=8)B)+ (1 =N [S(1=3)B)+ (—38+s.8) D (rp)]
< )\S((l—E)B)—i—(l—)\)mTaX{S(ré)—i—(?"—i-sL@—é)D(r@)}.

The latter value is the value under the revealing allocation.

Finally the category pricing induces a zero consumption of HL content
for A > X\, which amounts to exclusion of this type of content. m

Thus category pricing is clearly preferred by the network. From a welfare
perspective, if we compare with the absence of second degree price discrimi-
nation we find that:

Corollary 5 Comparing category pricing with the case of a uniform tariff

e if A\ > )\ : then welfare is unchanged;

o if \ > \ > \*: category pricing increases welfare, the rent of the LL

content is larger and the HL content stays in the market.
o if A< \* and 5 > 1: category pricing decreases welfare;

o if A< \' and § < 1 : category pricing increases welfare if \ is small

enough

38



Proof. See appendix =

As it is now standard in the analysis of price-discrimination, category
pricing raises welfare if it avoids the exclusion of the high load content. The
new feature is that the LL content also benefits from the discrimination.
The reason here is that only second-degree discrimination is allowed. Thus
when allowing the HL content to stay with a low s (when A > A > \*) the
network needs to leave some rent to the LL content that were not needed
with exclusionary uniform prices.

When there is no exclusion with uniform price, category pricing reduces
welfare if it leads to higher price r for consumers which occurs when s > 1.
Indeed in this case the situation with uniform prices is efficient (with r* = 0)
while discrimination leads the network to reduce the volume for HH traffic by
charging ry > 0 for the motive of extracting more rent from the LL content.

When the consumers face a positive price with uniform tariffs, the effect
of screening is more ambiguous as r;, < r* < rgy. The price is efficient for
the LL content but higher for the HH content. If there is little LL content,
the distortion of g is small and the former effect dominates. But for larger

values of A we could not conclude.

7 Conclusion

This paper has investigated the impact of missing prices for the efficient pric-
ing of network capacities. It has been shown that, when consumers control
their consumption but are not aware of the induced effect, a direct or indirect
signal should be send to them. In the standard setting with paid content,
this signal is sent through the price chosen by the content producer and the
network should post a positive price for content to transmit this information
for consumers. When the content can choose to be either free or paid, the
choice of price influences both the business model and the efficiency of ex-
change. Then cost sharing between the network and content producers has

two benefits: it raises efficiency for the paid content and reduces the price
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charged to consumers due to a waterbed effect. These benefits need to be
compared with potential costs in term of inefficient choice of business model
or exclusion of some content. The analysis suggests that some partial cots
sharing is efficient.

Even if we mainly focused on the case of a unique linear tariff, we extended
our inquiry by allowing the network to propose a menu of tariff, among which
each content provider must choose. By letting each content provider choosing
not only its own price but also the price paid by their consumers, category
pricing avoids the exclusion of the traffic intensive content and raises the
volume for the less traffic intensive content. However it does not always
increase welfare because the network may reduce excessively he volume of
traffic induced in some category to raise the revenue in another category.

Two natural extensions can be envisioned. First, by allowing the use of
hookup fees, the network objective was very close (and sometimes) similar
to social welfare. It would be interesting to study the choice of tariff in a
context of a monopoly with only a linear price for consumers. We can easily
foresee that while the network would choose levels above marginal cost, some
of our insights would still hold. In particular allowing the network to charge a
positive price for content would result in lower prices for consumers. Second,
we assumed that each content was competing with others so that the profit
was reduced to zero in the paid-system. Allowing some market power on
the content producers’ side would change not only the choice of tariff by the
network but also the way the information on the cost load is transmitted to

the consumers. We hope to develop those issues in future research.
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A Appendix A

Proof of proposition 2
In each range we have r = argmax, S (r¢) + (r+s—1)¢D (r¢). As
the cross-derivative of the RHS is negative, the optimal r decreases with s.

Moreover (with M denoting the volume of content), with

W =MI[V(s)+ (a — s8°D (r¢)]

we have I 9
r
= M(ré+a-0) D (r9)] 6

which is positive because if s < 5

ro+a—¢ = max(l—s,0)6°+a—p°
= max(§—s,5— 1) +5(8—-5°) >0,

whileif s < s <s

ro+a—¢ = max(l—s,o)ﬁ+@_§
= max(s—s,s—1)5>0.

Hence the optimum is reached at the boundaries, 5 or s.
Let us define A” and \*, with \* < A\ < A\¥ < 1,. We now show that,
for 5 < 1 the socially optimal level is s = 5if A < A" and s¥ = s if A > \Y.
Note first that

W(s)=W(s) <A[S(B) + (B +a - ) D(B)] =[S (R) + (B +55° = 5) D (R)]

which is negative for A\ < \*, (using 58° < a) By continuity this is true for A
larger but close to A*. Hence A > \*.
Now, for X\ close to 1 and § < 1:

W(s)-W(s) = [S(B) + (B +a =) D(B)] =[5 (R) + (R+a—- ) D(R)]
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which is positive because R maximizes social surplus. Hence A\ < 1.

At last, we show that exclusion is not optimal for § > 1. Indeed, in this

W(s) =W(5) = A[S(0)+ (a—p) D(0)] —[S(0) + (a — ) D (0)]
= (1= [SO) +(a=F)D(O)] <0
Hence, exclusion is never optimal.
More generally, the slope of the surplus differential is
D =D 5@+ (B + (s~ 1)) D] -5 (B - ) D' (R) 93+D (R) (3~ B)

For 5 < 1, we have R = 3°max (1 — 5,0) :

PET 550 (R (B-F) -9 —5(3- ) D" (R) (- ) (1 -
D' (R) (8- B)*(1-9)

— [sD'(R)~5(B-8°)D"(R)(1—5)+ D' (R)] (5-B)° (1 -9

which is negative if D” > 0. In this case W — W is concave which implies
again A\ =)\ =)". A

Proof of lemma 3

For Ay we have

S(55) J;\CLDWS) — max [S(R)+ (R+a— ) D(R)]

with By = A0_§+(1—/\o)5

When a is large, thus reduces to

S (B5) ‘;CLD (85) = 5(0) + (a —é) D (0)
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which leads to an approximate value when a goes to infinity, solution of

D (55)
Ao

~ D (0)
while \* ~ \ = % Notice that D (8°) — AD (0) is convex in \, positive at

A = 0 and negative at A\ = 1. Hence )\, is uniquely defined and \* < )\ if
D (B%) — X*D(0) > 0. Hence \* < \q for a large if

B B
D (23—§) > QB—QD(O)

Suppose now that a is small. As a first-order approximation we have when

a is close to 0.

D@)da = SD()da=5 () ax
X’ g D (p)
w- 65w

Moreover Ay tends also to 1when a goes to v and

S(8)+aD (85) = Momax [S(R)+ (R+a~ ) D(R)]

D(p)da—D(B)(8~B)dx = D(p)da+S(5)d
dXo

E = Oata=1.

Hence for a small, \* < \p. W

Proof of lemma 6
We have

oV ,
5 =AM - 1) 2D’ (rp)

+(1—)\)(7°—|—s—1)32D'<r/3+[sB%—u—aL)
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In particular %—‘: > (0if r + s < 1 and thus we have r + s > 1.

oV - -
B = ABD (rB) + (1 = X) Ly, —acoBD (1)
_2 —
(1 =N L1y aso(r+s—1)3D ((r+s)B+pu—a)
In particular %—Z — %—‘7{ > ( as long as r > 0 which implies that » = 0 because
increasing s and decreasing r at r + s constant is profitable if » > 0.
Wealsohave%—Z>Oif?":0and3§1. Hence s > 1.
We thus solve (using s3 + p —a > 0)
VP = max A [S(0)+ (s —1) 5D (0)] (6)

5<s<s

+(1=XN[S(sB+p—a)+(s=1)BD(sB+p—a)]
with slope

ov

= = ABD(0) + (1= X\) (s = 1) B*D' (sB+p—a) if sB+p—a<p

= ABD(0) if sB+p—a>p

Notice that % > 0 and thus the optimal value of s” is increasing (but may
be discontinuous). For A large the slope is positive on the interval [1, s] and
thus s? = s. When A goes to zero the slope becomes negative for all s between
1 and MT_“SO that s” goes to 1.

To conclude, we notice that for s34+ —a < p

v
0s?

=(1-NB{D +(s—1)3D"}
We have
D'+(s—1)BD" = D' (p)+(p— [B+ 1 —a]) D" (p) withp = sp+p—a € (B+p—a,p).

If (p — [B + - a]) D’ (p) decreases on this range, the objective is concave
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on this range. We may then distinguish two cases:

o If s34+ 11 — a < p then the objective is concave and the optimal s is

unique and continuous in A. This occurs when % <1+ Z%.

o If s34y —a > p then the objective is not globally concave but it is on
the range s3 + 1t — a < p. The network then chooses between s and s
in the concave range. It chooses s3 + 1 —a < p for A < A” and in this
case the solution is unique and continuous in A, except at A*. W

Proof of proposition 3

We know from the proof of proposition 2 that A [S (0) + (s — 1) 8D (0)] crosses
V' only once and from below at A*. As V? > X [S(0) + (s — 1) 8D (0)] , the
network chooses s > 5if A > \".

To be more precise, let the optimal value of s be sP. Then

% = S(0)+(s" = 1) D (0)~[S ("B +p—a) + ("B~ B) D ("B + p—a)] >0

because s? > 1 and

S("B+pn—a)+("B=B) D("B+p—a) < maxS(p)+ (p—[B+p—a]) D(p)
< 5(0)

because 3+ —a > 0.

At A=0,V/ =8 (B—a)>V?=S(B+pu—a) so that again \*™* > 0.

VI =5((1-5)p° is convex and we know that it crosses A [S (0) + (s — 1) 8D (0)] once
and from above. We wish to show that V/ crosses V7 only once and from

above. Defining & as the argument in V7 :

8a‘f\p =S (0)+(s" — 1)§D (0)—[5 (§7’B + - a) + (§pB . B) D (SPB b a)}
2Y/p Ap B o )
%Tvz_ P (BD(O) ~ (5~ B)BD (#5 +p—a)) >0
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where the latter in equality follows form convexity of S. Thus V? is convex
which is enough to conclude. But notice that

VP > AS(0)+(1—N)S(B+pu—a)

ovr _
2 S0O0)=S(B+p—a)

becauseS(épB—Fu—a)—l— (§pB—B)D(§pB+u—a) <S(B+,u—a).

As AS(0)+ (1 = X) S (B + p — a) is linear, smaller than V/ at A = 0 and
larger at A = 1, V/ crosses AS (0)+(1 — A) S (8 + p — a) only once and from
above at some \. Thus V/ and V? can only cross for A < A. But when \ < 5\,
by convexity of V/ the slope is smaller than at A which implies

ov! _ vy

Hence V7 crosses V? only once and from above, as well as A [S(0)+ (s —1)BD(0)].
Thus the content will be free for A below \**. B

Case where 3 < a

We show that if 5 is large even at u, we have \** = \*.

At A = \*, V? decreases in 1 and taking the limit when p small
lim V? = max \* [S(0)+ (s — 1) 3D (0)]

n—0 5<s<§

(1= XY [S(sB—a) + (s —1) BD (B — a)]

Notice that the value of the RHS at s = 5is S(0) + (§—1)3“D (0) =
V/ . Thus lim, o V? > V7 if the optimum in the RHS is at s > 5 which

holds if
A\ _ D' (0)

—x > =P 5o

Thus if a — 3 is large, we have A > \* for p small. But if a — 3 is small, we
will have lim, o V? = V7 which implies that VP < VI for all > 0. In this
case \* < A" implying that A*™ = \*. R
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Proof of corollary 5

We need to compare

WP = X[S(0)+ (a—B)D(0)] + (1 =X [S(Ry)+ (Ry+a—B)D(Ry)]

where Ry = max (1 —§+%B_é§,0> B

-A B
and
W = S(R) +(R+a—-p8)D(R)
R = max(1-350)43°
But )
(1—)\)RH:maX(1—§+%6;§_,O) (1-X)5.

If 5> 1, then W = S (0) + (a — 3°) D (0) which is the second-best welfare
(constrained by the non-negativity constraint on prices) and category pricing

can only reduce total welfare.

Ifs<1,
o o . B-B
W = S(R)+(R+a—p°)D(R)=5(R)+A 3 aD (R)
R = —aé — —a
—)\(6 5>+(1 N (B - a)
compared with
D B_ﬁ
W2 =A[S(0) +(a=5) DO] + (1= NS (Ru) + A—z=aD (Ru)
where Ry = 6—a+%¥
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oW B=B = (= B-p
ﬁ:(5_5)0(3)_AT—az>(}z)<5_g_ 5—a>
_ _ 2
ow?P A B_E A ﬁ_é /
At A=0
D
= SO -S(F—a)+(a-H) D)
> (B-a)D(B-a)+(@-H)DO)>(F-HDE-a) =0
For the record notice that looking at second derivatives
217, B — B — B —
T = oo @ (3-s- 75k o (0 (5o 750
_ _ 2
+/\ﬁ%éaD” (R) (5 5 5%%)
is positive if D is convex or linear.
ORy 1 pB-p
N (1-x' B
oPwr 1 pB-p8 1 B-p o (B-BY
ON? (H>(1—>\)2 B (1= B aD(RH)_(l—)\)3< B a) D)
_ 2 - 2 _
1+x (B-8Y\" o (B-8Y\ 1 B-8
(1—)\)3< 5 D(RH)+(1—A)2< B )D(RH)(1—A)2 5
PPwP 1 B_é ’ / A B_g "
w0 (08 (i A )

So WP is concave if the (R+ 8 —a) D' (R) is non-increasing. In this case
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there exists a threshold A below which PD increases welfare.

B Appendix B : Results of the GENERAL
CASE MODEL

We now derive results for the case where (3, a, ut) are distributed on Ri with
cdf F. Interpreting a as ads receipt net of distribution costs, we allow a to
be negative to capture the existence of content that should be paid even at
s = 0. The objective is to understand how the optimal price s is determined.
For this we consider the situation where the regulator chooses s in a first
step and then the network chooses r (which is not regulated).

We have a paid content with p = s + u — a if s > a and a free
content otherwise. When p is above p, the content is excluded. As before
define ¢ (s) = E (6| s8 <a) and x (s,p) = E (5| p,s) for p > p then the
value V is:

Vo= Pr(sB<a)[S(r¢(s)+(r+s—1)¢(s) D(re(s))]
+Pr(sf>a)E{S(rx(s,p)+p)+ (r+s—1)3D(rx(s,p)) | sf > a}

The first immediate result is:

Lemma 8 For any requlated price s, the consumer congestion price is r =
max (1 —s,0)

Proof. We have
Vo= Pr(s8<a)[S(ro(s)+(r+s—1)¢(s)D(ro(s))]

+Pr(sf>a) E{S(rx(s,p) +p) + (r+5=1)x(5,p) D (rx(s,p)) | 5 > a}

With this formulation we see that r = max (1 — s,0) maximizes the term
in bracket and each term in the expectation for paid content (because p is

independent of ) m
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Then welfare is

W= Pr(sf<a)E{S(r¢(s)) + (rB+a—=pF)D(r¢(s)) | s < a}

+Pr(sf>a) E{S (rx(s,p) +p) + (r+5=1) 8D (rx (s,p) +p) | 556 > a}

Proposition 6 The optimal requlated price s is less or equal than 1.

Proof. Suppose s > 1, then

W= Pr(sf <a) E{5(0)+ (a—p)D(0)|s5 <a}
+Pr(sp>a)E{S(sf+p—a)+(s—1)BD(sB+p—a)l|sp>a}

If s > 1, reducing s to 1 has two effects. First for content such that g > a,
the welfare increases as the content stays paid and the price p = 6+ u — a
is efficient for paid content. Second the content such that s > a >
becomes free. For this content the welfare changes from the paid welfare to
the maximal welfare S (0) + (¢ — ) D (0). Thus welfare increases. =

Let us now consider s < 1. In this case we have

W= Pr(sf<a) E{S((1 =5)¢(s) + (a—sB)D((1-5)d(s)) | s <a}
+Pr(sf>a) E{S((1 —s)x(s,p) +p) [ 56> a}

Suppose that a has continuous distribution on (a,a) where a < 0 < 3 < a,

assume also that a, 8 and p are not correlated.

Proposition 7 Starting from s = 0, an increase of s raises welfare for the
contents that stay free but reduces it for the contents that change from free
to pay. The total effect is positive if F (0) and f(0) /(1 — F(0)) are small

enough.

Proof. We have

+F (s8) E{S((1L = s)x (s,p) +p) | 88 > a, B}

W:E{ (1= F(sB) B{S (1= )6 (s)) + (a = 38) D((1 = 5) 6 (5)) | 35 < a, B}

o1

}



The slope is

o (1-F(sB)E{-% D+aD’(8¢ ¢) | 56 < a, B}
o5 L VR (B)E{— (Cx+ 542 D | 56> a,5)
+Bf (sB) E{S (1 —=s)x+p) = [S((1=35)¢)+ (a—sB)D((1—35)d)]| s =a,B}

At s = 0, the price p is independent of 5 as well as s, so that we have
(1= F(0) BE{-5D +aD' (5 = ¢) |0 <a}

= F(0)E{- (X+5€+8)D\0>a}

’ +5f(0)E{S(X+u—a) S(¢) | a=0}

Using the fact that at s = 0 we have y (0,p) = ¢ (0) = °

ow
0s

ow
0s

= a-FO {320 a0 ) (5~ 5) 10}

+F<0>E{—%D<ﬁe+u—a> | 02a,ﬁ}+6€f(0)E{S(Be+u)—S(ﬂe)}

0

The first term is positive and the last term is negative. m
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