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1. Introduction

Net neutrality is the principle of equal treatment of all data packages sent over the internet, irrespectively of their con-
tent, origin, destination and type of equipment used to access it. This regulatory principle prohibits discrimination on the
internet and mandates Internet Service Providers (ISPs) to treat all data packets equally. In recent years, two business prac-
tices, prioritization and zero-rating, have been widely discussed and debated both in policy circles and the media. These
practices violate the net neutrality principle and allow the ISP to discriminate between content in terms of quality for prior-
itization and in terms of price for zero-rating. Thus they allow the ISP to add an additional layer of differentiation between
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Content Providers (CPs) beyond their intrinsic differentiation. Our objective in this paper is to build a model that evaluates
the costs and benefits of such an empowerment of the ISP and to contrast and compare the two practices.

The practice of prioritization consists of creating a fast lane on the internet where privileged content circulates in case
of congestion. The prioritized content has a better quality —faster delivery- while the non-prioritized content types expe-
rience congestion in the form of throttling, jitter and/or delays. Prioritization is thus equivalent to quality differentiation.
The zero-rating practice consists of creating financial differentiation between content providers. In this case, the ISP makes
the consumption of some data packets more expensive than others. A typical example of financial discrimination is mobile
data plans with zero-rated content. With such a contract, users subscribe to a package with a monthly data cap but the
usage of some content (e.g. Facebook Messenger or Netflix) does not count against this data cap, i.e. the ISP charges differ-
ent marginal rates for different types of content. Zero-rating is thus equivalent to price discrimination. With prioritization
and zero-rating, the ISP directly influences the competition between content providers. Therefore, they might be ready to
compensate the ISP for having priority or being zero-rated.

Net neutrality is the only regulation that is specific to the internet and it is a highly contentious issue (see for instance
the detailed discussion in Greenstein et al., 2016). Different countries adopt widely different approaches to net neutrality
and regulators often have a contrasting attitude towards prioritization and zero-rating. The objective of this paper is to
compare the two types of business practices within the same model, thus evaluating the often differentiated policy towards
them.

We consider a monopolistic ISP that connects CPs and consumers, i.e. the ISP is a two-sided intermediary. In a neutral
internet, the ISP must charge the same price to all consumers and CPs, the latter being equal to zero.! In a non-neutral
internet, the ISP can discriminate between content, and our model shows that it does so in equilibrium. Discrimination
gives an advantage on the content market to the privileged CP, an advantage for which the ISP may ask for compensation.
This, as a consequence, changes the price structure of the ISP, which then charges a positive price on the CP side of the
market as well.

Our comparison will focus on the ability of the ISP to differentiate content and the impact this empowerment has on
prices, consumer surplus and profits. More specifically, we construct a model to compare three regimes: prioritization (P),
zero-rating (ZR) and net neutrality (NN). In our model, discrimination has no value as such, instead, it is considered as a
tool for the ISP to alter competition on the content market.? In our model, there are two competing content providers. The
CPs are financed by advertising, and they compete to attract internet users. They offer differentiated content, represented by
the standard Hotelling line. We suppose asymmetric content providers with one CP (called the strong CP) benefiting from
a larger home market, i.e. more consumers have an intrinsic preference for its content. Importantly, we assume that the
asymmetry between content providers is limited in several aspects, i.e. in the size of the home market, in the advertising
revenue they can generate and also in their potential reach of new consumers in the model variants where demand is vari-
able. To access content, users must subscribe to an internet service provider (ISP), that we suppose to be in a monopolistic
position. The ISP faces a capacity constraint and thus may not be able to deliver the best available quality to all users.’

Under prioritization, the ISP discriminates between content providers and gives the content supplied by CP; priority ac-
cess over the content supplied by CP;. Therefore, if there is congestion on the internet, the download quality is not identical
for the two types of content. The priority content provider CP; may or may not compensate the ISP for getting priority,
but consumers pay the same price to the ISP for accessing both types of content.* Under zero-rating, consumers are not
charged the same price by the ISP when they access the content of CP; as when they access the content of CP;. In other
words, the ISP financially discriminates the two content providers, but they remain identical in terms of download quality.
The zero-rated content provider CP; may or may not compensate the ISP for this service.” Under net neutrality, the ISP
cannot discriminate between content providers, so this regime can serve as a natural benchmark. In particular, net neutral-
ity prohibits quality differentiation like prioritized content and financial differentiation like applying a lower rate for some
types of content. A consequence is the absence of financial transfers between the ISP and the CPs under net neutrality.

Both prioritization and zero-rating create distortions on the CP market compared to net neutrality, i.e. market shares on
the CP market are affected by the ISP. The ability to distort content consumption depends, in the case of prioritization, on
the bandwidth capacity with a lower bandwidth creating more distortion and, in case of zero-rating, on the consumers’
preferences for the strong content with a higher share of captive consumers creating more distortion.

1 In other words, we use a strict definition of net neutrality, interpreted as a price regulation fixing a zero price on one side of the market, the CP side,
see, e.g. Economides and Tag (2012).

2 There are other costs and benefits associated with the two practices that are not considered in our model. For instance, prioritization is considered to
be an efficient tool to manage congested data traffic when content types have different sensitivity to delay (Peitz and Schuett, 2016).

3 The coronavirus epidemic has revealed the importance of capacity constraints even in fixed broadband networks. For example, in New York median
download speeds reportedly dropped 24% when the lockdown started, see The New York Times https://tinyurl.com/vdu6ysh.

4 We use the term “prioritization” instead of “paid prioritization” (the standard way to refer to this type of quality differentiation) because we allow the
ISP to prioritize a CP even in the absence of transfers between the ISP and the CP.

5 Some use the term “sponsored data” to describe this business practice. However, “sponsored” implies a transfer from the CP to the ISP which does not
necessarily occur in our model, nor in real life. In the US, most mobile carriers zero-rate some video content. The Binge On program of T-Mobile is a free
zero-rating program, and all content providers that meet some technical requirements can apply freely. On the contrary, to be admitted in the zero-rating
plan of AT&T (called Sponsored Data), content providers have to compensate the ISP.
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Our first main result is that with price discrimination (zero-rating), the ISP can extract more surplus from consumers
than with quality discrimination (prioritization). Hence, in the absence of revenues from CPs, the ISP prefers zero-rating to
prioritization and net neutrality. Moreover, we show that the ISP chooses prioritization only when traffic is highly valuable
for CPs and congestion is severe. In all other cases, i.e. for low congestion and/or low value of traffic, the ISP chooses to use
zero-rating. The intuition is the following. Without payments from the CPs, the ISP prefers to discriminate in price rather
than in quality, i.e. it prefers zero-rating to prioritization. Then, the ISP will choose prioritization only if it receives a large
payment from the prioritized content provider. This will be the case when traffic has much value for content providers
and prioritization is associated with substantial benefits on the market for content, i.e. when it creates large distortions in
content consumption, which is the case when congestion is severe. In all other cases, the ISP chooses zero-rating.

When prioritization is implemented, it can benefit both the ISP and the consumers. The reason is that the ISP has less
ability to extract surplus from consumers under prioritization than under zero-rating, but it can compensate this by larger
payments from the content provider side. Thus for severe congestion, the price paid by consumers under prioritization will
be low, while the contribution of the CPs will be high and there is a form of ‘cross-subsidization’ of consumers by the
CPs. Such a situation can arise as the ISP is a two-sided platform and a higher price on one side (the CP side) can lead to
a lower price on the other side (the consumer side). Hence, consumers might be better-off under prioritization than under
zero-rating and, in some cases than under net neutrality. We show that the interests of the consumers and the ISP could be
congruent on the choice of prioritization, whereas it is never the case for zero-rating.

Our second main result is to show that both under zero-rating and prioritization, the ISP will privilege the weak content
provider.® Discrimination against the strong content is a way for the ISP to mitigate the initial asymmetry between CPs and
increase the revenue it collects from consumers by making them pay relatively more to consume the strong content. Hence,
the ISP prefers to privilege the weaker content provider. Furthermore, in a fixed demand configuration, prioritization and
zero-rating only displace content consumption and the market share lost by one CP is gained by the other one. Therefore
the two CPs will bid the same amount to be the privileged content if they value traffic equally.

Next, we relax the limited asymmetry assumption between content types and we consider cases in which the strong
content provider can attract more consumers, more traffic or more advertising revenue than the weak one. Intuitively, when
the strong content has a large advantage either in the size of its home market, or in its reach of new potential consumers,
or in its revenue-generating ability; zero-rating the strong CP or giving priority to it may generate more revenue from both
the user side and the CP side. We show that this asymmetry must be large enough in order to convince the ISP to give
a preferential treatment to the strong instead of the weak content. In other words, we derive upper limits on asymmetry
between content types.

Finally, we consider several further extensions of the model. First, we consider the possibility for the ISP to combine
zero-rating and prioritization. In this case, priority will be, as in the baseline model, given to the weak CP, but we show
that zero-rating reinforces prioritization only when congestion is limited. Otherwise, it is optimal to prioritize the weak
content and zero-rate the strong one. In the second extension, we consider the incentives of the ISP to invest in network
improvements, and we show that, under prioritization, incentives to invest are suboptimal. The intuition is that the more
severe congestion is, the more impact prioritization has on the market for content and hence, the more surplus the ISP can
extract from content providers. For this reason, incentives to invest in capacity extension are limited. On the contrary, we
find that under zero-rating, the ISP’s investment incentives are socially optimal. Third, we discuss why we believe that our
results considering a monopolistic ISP apply to some settings with ISP competition as well.

Our research project is closely related to the rich body of literature in theoretical industrial organization about net neu-
trality. This literature has focused on four practices that are violations of the net neutrality principle: exclusion of lawful
content (Broos and Gautier, 2017), throttling, prioritization and zero-rating.’”

Concerning prioritization, in the context of congested networks, a two-tiered internet service with a fast lane for pri-
oritized content can be considered as a more efficient tool for traffic management than a strict net neutrality rule, see
Peitz and Schuett (2016) for an explicit analysis of this issue. Another important aspect of prioritization is that it changes
the market for internet content, which in turn affects the optimal prices ISPs charge to both sides of the market.® This
aspect of prioritization is also made explicit in our modeling of prioritization (and zero-rating as well). Finally, departing
from a neutral internet and pricing congestion also changes the incentives of the ISP to invest in network capacity. There
is no consensus in the literature on the impact of prioritization on the investments in capacity. In our model, prioritization
reduces the incentives of the ISP to upgrade the network as congestion is then a valuable resource.

Our modeling of prioritization is closest to Choi and Kim (2010) and Cheng et al. (2011) as we also use CPs located on a
Hotelling segment populated with single-homing consumers. The logic of these models is also similar: prioritization creates
value by distorting the content market, and the ISP is able to capture part of the increased value from the prioritized CP.

6 In the US, AT&T zero-rates its affiliated video streaming subsidiary DirectTV, and Verizon also zero-rates is own subsidiary, go90. These services are
arguably weaker than Youtube or Netflix. Although we model the ISP as a monopoly, we discuss in Section 8 the reasons why we believe our results apply
to some competitive ISP settings as well.

7 See Easley et al. (2018) for a detailed description of network management practices that violate net neutrality (and those that do not).

8 Important contributions include Choi and Kim (2010), Cheng et al. (2011), Economides and Hermalin (2012), Economides and Tag (2012), Kramer and
Wiewiorra (2012), Bourreau et al. (2015), Reggiani and Valletti (2016) and Choi et al. (2018). For some relatively recent surveys, see Greenstein et al.
(2016) or Krdmer et al. (2013).
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Fig. 1. Content providers on the Hotelling line.

Some of our results are in line with previous findings. Choi and Kim (2010, proposition 1), finds that for high levels of adver-
tising revenue the ISP prefers prioritization to net neutrality. In our model, prioritization is also the ISP’s preferred regime for
high advertising revenue whenever it is combined with a relatively high congestion level. Otherwise, the preferred regime
is zero-rating and never net neutrality. Clearly, this result has welfare effects with a potential to alter policy implications.
Our main contribution is considering zero-rating agreements as an alternative business strategy to prioritization for the ISP
to create distortion on the content market.

To date there have been few formal economic studies modeling zero-rating. Jullien and Sand-Zantman (2018) model
zero-rating as a coupon from content providers to end users, a potential way to overcome the misallocation problem stem-
ming from the free content business model. Somogyi (2018) investigates the trade-off between congestion and increased
utility from consumption by modeling data caps explicitly, distinguishing the two types of zero-rating programs (open and
exclusionary) currently in use. Jeitschko et al. (2017) focus on vertical integration between a content provider and the in-
ternet service provider in a zero-rating regime. Inceoglu and Liu (2019) focus on the consumer side of the internet mar-
ket and model zero-rating as a screening device for price discrimination. Hoernig and Monteiro (2018) analyze zero-rating
when payments from content providers to the ISP are banned and the profitability of zero-rating arises solely from network
effects. Cho et al. (2016) model zero-rating with two CPs that are located at the extremes of a Hotelling line, and high-
light the importance of the transportation cost parameter in determining the equilibrium market outcomes. Schnurr and
Wiewiorra (2018) model exclusionary zero-rating offers with and without side-payments from the CPs to the ISP, assuming
tariffs with data caps and content-specific prices; and compare the outcomes to conventional, i.e. one-sided pricing prac-
tices. Finally, Kramer and Peitz (2018) highlight the prevalence of throttling of zero-rated content. Our model is well suited
to analyze this case, as throttling of a content provider can be seen as prioritizing its rivals.

The fact that congestion is still a salient feature of the internet today has recently been documented by the thorough
empirical studies of Nevo et al. (2016) and Malone et al. (2017). In particular, by analyzing fixed residential broadband data
they estimate a large willingness-to-pay to avoid congestion. Several factors, including hard technological constraints make
mobile internet even more susceptible to congestion, including the scarcity of spectrum and limits on cell size reduction
(see e.g. Clarke, 2014). Indeed, Heikkinen and Berger (2012) find that in most countries packet loss, a standard measure of
congestion, is higher on the mobile internet.

Finally, our model is also related to the literature of simultaneous horizontal and vertical product differentiation. The
two seminal articles in the literature; Economides (1989), and Neven and Thisse (1989) show that firms choose maximal
differentiation in one dimension and minimal differentiation in the other dimension. One finding of our model is similar in
spirit to these results. In particular, when prioritization and zero-rating are both available tools for the ISP to differentiate
CPs it finds it optimal to use only one of them, zero-rating.

2. A model of zero-rating and prioritization

In the model, a monopolistic internet service provider (ISP) acts as an intermediary between competing content providers
(CP) and consumers.

2.1. Content providers

There are two contents providers and we use a Hotelling line of length 1 with linear transportation cost T to model
horizontal differentiation between content types. CPs are asymmetric, CPs is located at point a > 0 on the unit interval and
CPy is located at point 1. CPs, hereafter the strong content provider, is in a privileged position with a larger natural market
than its rival CPy, hereafter the weak content provider (see Fig. 1).°

The strong CP can create such an asymmetry in a number of ways, including a larger installed base thanks to a first-
mover advantage, or simply providing more attractive content. Without this initial asymmetry between content, the ISP
has no reason to financially differentiate the content types. The parameter a cannot be too large, otherwise the consumer
located at the left extreme of the interval will stop consuming and the market will not be covered anymore. The following
assumption limits the asymmetry between content types and guarantees a covered market in all the market configurations
we deal with.

Assumption 1. a < a=min{%; L}
9 This formulation is similar to the Hotelling model with hinterlands (Inderst and Peitz (2014)) in which one firm has a mass of consumers (a) with a

strong preference for its content. Moreover, from the formulation of U(x) below, it is clear that our setting is equivalent to a model of vertical differentiation
where both firms are located at the extremities and all consumers have a valuation vs = v+ at for the strong content and v, = v for the weak content.
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In a covered market, the aggregate demand of content is fixed and we will relax this assumption in Section 7.1.

Consumers who are connected to the internet single-home, that is they choose to consume the content of either CPg
or CPy. Content is offered for free by the CPs and the content provision service is financed by advertising revenues.!?
We suppose that the CPs collect an exogenous advertising revenue p per viewer. Content providers’ operating costs are
normalized to zero. If we denote the total mass of viewers of content i € {S, W} by n;, the profits of the content providers
are 7Z’CPI, = pn;.

2.2. Internet service provider

There is a single ISP. Consumers need to be connected to the ISP to access the content offered by the CPs. Each connected
consumer will consume one unit of content either at CPs or at CPy, and the total demand of the ISP is ng + ny.

The ISP has a transmission capacity of k. Limited capacity may lead to congestion if the bandwidth is insufficient to carry
all the traffic. The consumption of time-sensitive content will be altered in case of congestion and consumers will experience
jitter, delays, interruptions or a degradation of the content quality (throttling). We represent the surfing experience quality
by a parameter ¢, that can be interpreted as the probability of on-time delivery (Peitz and Schuett, 2016). This probability is
equal to the ratio of the bandwidth to the traffic: ¢ = min[1, m]. If ng + ny < «, there is no congestion on the internet
and all content can be delivered on time: q = 1. If ng + ny > «, the internet is congested and the ISP can no longer deliver
the quality g =1 to all users. If there is no discrimination between content providers, the probability of on-time delivery is
the same for all users and all content and equals g = m < 1. We will assume that capacity is scarce, otherwise priori-
tization is meaningless. More precisely, we assume that the highest quality cannot be delivered to all consumers when the
market is covered.

Assumption 2. ¥ < 1.

In the prioritization regime, the ISP will give priority to content i over content j and the probability of on-time delivery
will be higher for content i than for content j: q; > g;. If n; < &, part of the bandwidth will be used for the prioritized
content that will be delivered on time: g; = 1 while the remaining bandwidth (« —n;) will be used for the non-priority
content that will experience delays: q; = '(;,"" < 1. If n; > k, even the priority content will experience delays (q; = n% <1)
and the non-priority content has the lowest possible quality (q; = 0). Note that consumers may still consume content j even
if g; is equal to zero.

While this rationing scheme is very tractable, it also shares some valuable properties with the M/M/1 queuing system,
which is believed to be a good approximation of real rationing processes and is used by e.g. Choi and Kim (2010), Cheng
et al. (2011), Choi et al. (2018).!" First, the average quality in our model is the same (k) under prioritization and net neutral-
ity, analogously to the average waiting time being independent of regimes in the above models. Moreover, in interior solu-

tions (which turn out to be the only equilibrium configuration) the quality differential decreases in capacity «: 3("(’”("1 <0,
just like the difference in waiting time is reduced in M/M/1 queues.

Consumers pay the ISP for accessing the internet. Internet subscriptions are usually defined as a three-part tariff with a
monthly fee ®, a data cap § and an overage fee (i.e. a price for additional data) ¢. Therefore a consumer with a consumption
equal to O pays a total amount of ® +max[0,6 — ]¢. In the case of zero-rating, the price of additional data is different
for CPs (¢s) and CPy (¢ ), with one of these two prices equal to zero. If content i is zero-rated (¢; = 0) then the total
payment for a consumer choosing to consume from CP; is equal to ®, while if he chooses CP;, it is equal to ® + (6 — é)qgj.
In our model, consumers have a fixed demand equal to one (6 = 1). With a uniform marginal price (in the case of net
neutrality and prioritization), we will use a single price p as a reduced form to represent the subscription paid to the
ISP, with p=® + (1 —0)¢. In the zero-rating case, we will represent the subscription fee by a base price p = ® and an
additional premium ¢ = (1 — 9)4)] for consuming the non zero-rated content i.e. content are sold at different prices ps # pw.

2.3. Consumers

The utility of a consumer when he chooses content i depends on (i) the price paid to the ISP for accessing the internet,
(ii) his preference for content i over content j, this horizontal differentiation is captured by his position on the Hotelling
line, and (iii) the download quality of the content, g;.

There is a mass one of consumers uniformly located on the Hotelling line. If we denote by x the location of the consumer
on the line, by 7 the unit transportation cost, by v the gross surplus from being connected to the internet and consuming
one unit of content, and by p; the price paid to the ISP for accessing content i of quality g;, the utility of consumer x is
defined as:

U(x):{

V+qs—Tlx—a| —ps if he chooses CP
v+ qw — T(1 — x) — pw if he chooses CRy .

10 Although in the rest of the paper we assume that content providers follow an advertising-based business model, our qualitative results also hold in a
subscription-based business model where CPs charge consumers access fees. See Section 8 for details.
11 The M/M/1 is a queuing model that assumes a single server, arrivals following a Poisson process, and exponential waiting times.
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We suppose that consumers have a reservation utility normalized to zero. The following assumption, standard in
Hotelling models, guarantees the positivity of equilibrium prices.

Assumption 3. v > 1.

2.4. Regulatory regime

We will consider two different regulatory regimes: the net neutrality and the laissez-faire. Under Net Neutrality (NN),
both types of discrimination are prohibited. In a neutral internet, we have qs = qw = q and ps = pw = p. In the laissez-faire
regime, the ISP can discriminate in price or in quality between different types of content.'> There are thus two different
regimes in a laissez-faire economy: Prioritization (P) and Zero-rating (ZR). Under prioritization, the ISP gives priority to CP;
over CP; and creates vertical differentiation between the two content g; > g;. In this regime, the price paid by the consumers
to the ISP is the same: ps = py = p. Under zero-rating, there is no vertical differentiation between content: g5 = qyy = q but
the ISP financially discriminates between the zero-rated content i and the non zero-rated content j: p; > p;. Under P and ZR,
the CPs compete for being privileged by offering a compensation to the ISP.

2.5. Timing of the events and equilibrium concept

The timing of the events is the following:

. In the laissez-faire regime, the ISP decides to implement P, ZR or nothing (which is equivalent to NN).
. Under P or ZR, the content providers compete for preferential treatment.

. The ISP sets the connection prices ps and py.

. Consumers simultaneously decide which CP to buy from.

A WN

In our model, the price charged to consumers and the consumers’ choice of content in each regime is independent of
the price charged to CPs (either for being prioritized or being zero-rated). We can therefore start with the solution of stages
3 and 4 of the full game and we refer to these as the consumer pricing subgame. There are five different consumer pricing
subgames: net neutrality, prioritization giving priority to either the strong or the weak firm, and zero-rating the content of
either the strong or the weak firm.

Under NN and ZR, the quality of content the consumers face is independent of the action of other consumers. However,
under P, the utility of accessing prioritized content decreases in the mass of other consumers subscribing to the priority
content. Therefore, when making their decision in stage 4 of the game, consumers are part of a game involving all other
consumers. We apply the concept of rational expectations equilibrium to solve this subgame, i.e. we assume that consumers
can correctly anticipate the decision of other consumers.'> From a technical viewpoint, this means that we will find the
location of indifferent consumers as fixed points of the demand functions. Note that this assumption is common in the
literature (see e.g. Choi and Kim, 2010). As usual, we will solve the full game by backwards induction using the solution
concept of subgame-perfect Nash equilibrium.

3. Consumer pricing subgames

In this section we will derive equilibria of the pricing subgames that consist of the ISP’s pricing decision followed by the
consumers’ choice of content.

3.1. Consumer pricing subgame: Net neutrality

Under net neutrality there is a unique price p to access both CPs’ content and their quality g are identical. The indifferent
consumer between CPs and CPy, is characterized by:
w_ a+1

vig-p-t(™ ) =v+q-p-1(1-x") & M="—"—.

Using q = «, the ISP maximizes its profit by extracting all the surplus from the indifferent consumer and chooses a
price

NN T art
=V+K— =+ —.
P tem5t
Given Assumption 1, the consumer located at 0 is willing to buy at that price and the market is fully covered. The profits of
the ISP and the CPs are equal to iy = p™V, ng,’;’ =p%! and N = p 132

12 We consider the possibility to discriminate at the same time in price and in quality in Section 8.
13 Consumers of the non-prioritized content exert negative externalities on one another and, possibly, positive externalities on consumers of the other
content. The solution concept is thus akin to the one used when network effects are present.
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3.2. Consumer pricing subgame: Zero-rating

Under ZR, the two content providers have the same download quality g = k¥ but they are financially differentiated. Ac-
cessing the zero-rated content costs p while accessing the other costs p + ¢. The ISP has the choice between zero-rating the
strong or the weak content, and we show below that the latter option is always strictly preferred.

When CPyy, is zero-rated, the location of the indifferent consumer x is given by:

1
V+k—-p—¢p—-Tt(x—a)=v+Kk-p-1(1-%) & x= #—%.
The ISP’s maximization problem is the following:
14+a 2

m%x p+xp=p+ s.t. pP<v+k—1(1-x).
D,

2 72t

The solution is pR=v+x -2+ % and ¢ = & > 0.

The premium charged by the ISP for accessing the strong content increases with the size of the home market a. The
intuition for this result is that the ISP can benefit from reducing the initial asymmetry of CPs (measured by a) by charging
a higher price to the strong CP, which in turn means zero-rating the weak CP.

The price charged for zero-rated content is lower than the uniform price under net neutrality, whereas the non-zero-
rated content is more expensive: p?R < p"N < p?R 1 . These prices lead to the indifferent consumer being located at x*R =
5+ §. The average price R, ie. the ISP's profit is:

T atr @t a’t
S7R ZR R NN
=Tp = Xp=V+K—=+—+—=T7 -
Pr=mfp=p"+xp=v+r-5+5+— + -5
Hence, zero-rating the weak firm is more profitable for the ISP than the neutral regime whenever a > 0 and the benefits of
ZR for the ISP increase with a. It is easy to check that zero-rating the strong firm results in lower profits. Again, Assumption

1 guarantees that the consumer located at 0 is willing to buy so the market is covered. The profits of the CPs are: ”cz}% =

2+a ZR _ H2-a
pTandnCﬂN_,o I

3.3. Consumer pricing subgame: Prioritization

With prioritization, the two content providers offer different qualities. Qualities depend on market shares and according
to the rational expectations equilibrium concept we assume that in equilibrium consumers correctly anticipate the qualities.
There are three possible equilibrium configurations of the pricing subgame. When content i has priority, we call

K—n;
=),
nj
2. a semi-corner equilibrium when n;, n; > 0 and (g;, q;) = («/n;,0), and
3. a corner equilibrium when n; =0 and (g;. q;) = («,0).

1. an interior equilibrium when n;, n; > 0 and (g;,q;) = (1,

In a corner equilibrium, there is market tipping in the sense that all consumers choose the prioritized firm. Such an equi-
librium arises typically when the transportation cost t is very low. In a semi-corner equilibrium, some consumers choose
the non-prioritized firm even though it has the lowest possible quality. Such an equilibrium arises typically when congestion
is very severe, i.e. the capacity « is small. Finally, there is an interior equilibrium where both market shares and qualities
are positive. We will focus our attention on interior equilibria, as it is standard in models of two-sided platforms in general
(see Armstrong (2006), and Armstrong and Wright (2007)) and models of net neutrality in particular (see Choi and Kim
(2010) and Cheng et al. (2011)). Firstly, we derive conditions of existence of such equilibria, which is equivalent to defining
a lower bound on «. Secondly, we show that when such an equilibrium exists, it is the unique equilibrium. The derivations
of the different equilibria are relegated to Appendix B.

If the ISP gives priority to the weak firm’s content, in an interior equilibrium the indifferent consumer’s location x is
given by

V+qs—p—-Ttx—a)=v+1-p—1t(1—-x),

where the quality of the stronger CP’s content is g5 = # =1- 1%’( given that x is indeed an interior solution, i.e. 1 —
X < k. Solving this leads to two potential interior solutions for x and the equilibrium consists in selecting the root associated
with the highest price. The following lemma describes the equilibrium.

Lemma 1. An interior solution for the pricing subgame exists under the regime when the weaker CP has priority whenever
Kk > k* = HI=0T |t consists of the ISP choosing a price equal to p" =v+1 - r(% -/ % - %) with the indifferent

P _ 1+a a+a)?2 _ 1-k
consumer located at x,, = 3% +/ 5~ — 5=

According to Lemma 1 an interior equilibrium exists if the capacity is sufficiently large. From now on we will assume
that this is the case:
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H * — 1+T—ar
Assumption 4. k > k* = 505,

Assumptions 2 and 4 together imply that 7(1+a) > 1 i.e. the products must be sufficiently different from each other
to avoid market tipping, a standard assumption in the literature (see e.g. Choi and Kim, 2010, p. 454; and Cheng et al.,
2011, p. 65). Therefore, we restrict our attention to situations where congestion is not too severe and content are sufficiently
differentiated horizontally.

We can similarly compute the interior equilibrium in which the ISP prioritizes the strong CP and the conditions for
the existence of such an equilibrium. We show in the Appendix that whenever an interior equilibrium in the subgame
prioritizing the strong CP exists, an interior equilibrium in the subgame prioritizing the weak CP also exists. Moreover,
this latter always results in a higher price for the ISP, therefore the former equilibrium can never be a subgame-perfect
equilibrium of the full game. The next Proposition establishes an even stronger claim: The interior equilibrium when the
weak CP is prioritized dominates all other potential equilibria when P is chosen in the first stage, i.e. it dominates all the
potential corner and semi-corner equilibria as well.

Proposition 1. Under Assumptions 1-4, an interior equilibrium where the ISP gives priority to the weak content exists and it
dominates all other potential equilibria of the pricing subgames involving prioritization.

It follows that under prioritization the equilibrium price and the ISP’s profit are:

3-a  [(+a? 1-«

P__ P __ _
Pr=Tip=vHl-7| = 16 2t

At this equilibrium, the indifferent consumer is located at xf}, = 139 + “J{é’)z — 1% Assumption 1 guarantees that the

consumer located at 0 is willing to buy and the market is covered. The CPs’ profits are: ngps =p(1- xPW) and ngﬁlv = pxPW.

Corollary 1. It is not in the ISP’s interest to exclude any of the content providers from the market.

In our model, a corner solution corresponds to the ISP creating an extreme quality difference that results in the de
facto exclusion of one of the CPs. Indeed, such an exclusion of non-prioritized content is one of the main concerns of net
neutrality advocates, both relating to prioritization and to zero-rating (see Marsden, 2010; Van Schewick, 2016). Recall that
Proposition 1 ensures the optimality of an interior solution with positive market shares for both CPs and a limited quality
differential. Solutions with extreme quality differential (semi-corner equilibria) or market tipping (corner equilibria) are
suboptimal. Intuitively, even if the ISP has the ability to implement such a solution, it is not optimal to do so as the price it
can extract from consumers would then be lower.

4. Comparisons of regimes without side payments

In this section, we compare the equilibria in the three different regimes without monetary transfers from the CPs to the
ISP.

4.1. Market shares

For the consumers, the ISP is a bottleneck access to the content providers. In a neutral internet, the ISP cannot dis-
criminate between content: they are offered by the ISP at the same price and at the same download quality. Competition
between content to attract audience is not altered by the ISP. When we depart from neutrality, the ISP has the possibility to
influence the market for content by altering the degree of differentiation between content, either using price or quality as
instrument.

The price difference under zero-rating is represented by the surcharge ¢ applied to the non-prioritized content. The
quality difference between the prioritized and the non-prioritized content is equal to Aq =1 — gs in the interior equilibrium
with priority to the weak. For ¢ > 0 and Aq > 0, the privileged content has an extra audience compared to the neutral
regime and, as we will discuss in Section 5, the ISP can extract part of this benefit in a previous stage of the game.

In our model, the quality differential Aq, which is a form of vertical differentiation between content, and the price
differential ¢ can be easily compared. The indifferent consumers under ZR and P are located at:

XZR_1+a ¢ p_l+a Aq

2 20 YT T2 T

Comparing the indifferent consumers 2R and x* which define the market shares of each CP, it is clear that a price differential
¢ has the same impact as an equivalent quality differential Ag. The extra audience gained by the privileged content is larger
with quality differentiation than with price differentiation if Aq > ¢ as in this case x” < xR,

The logic of price discrimination is to charge a higher price for the content that consumers like more. In our model, this
preference is captured by the “home market” of the strong content. A higher parameter a (more consumers preferring the
strong content), translates into a higher surcharge ¢ = at /2. This logic applies independently of the network congestion, as
the ISP offers the same download quality. Thus the optimal surcharge ¢ does not depend on the capacity «.



A. Gautier and R. Somogyi International Journal of Industrial Organization 73 (2020) 102662

K
2
1
Ag < ¢
Ag> ¢

K1

I{/*

>

0 a

Fig. 2. Price and quality differentiation.

On the contrary, the possibility to differentiate content with respect to download quality depends on the bandwidth
capacity «.'* With a large bandwidth (x close to 1), the differentiation between content is limited, while for more severe
congestion, differentiation Aq will be larger. In other words, the quality differential Aq is decreasing in k. Furthermore, we
show that:

Lemma 2. There exists k1 =1 — %*a) such that for k = ky, Aq=%4 =¢.

A direct consequence of this result is that x” < xR for ¥ < «; i.e. prioritization has a greater impact on the market for
content than zero-rating when congestion is relatively severe. Conversely, x” > xZR holds for ¥ > k1, i.e. for more limited
congestion.

The ability to create distortions on the content market depends on the bandwidth and the intrinsic differentiation be-
tween CPs. Figure 2 illustrates the results of Lemma 2 in the («, a) space showing that for higher values of k¥ and a, price
distortions are more important than quality distortions.

4.2. Prices and profits

We now look at the impact of these distortions on the ISP and the consumers. The prices pZk and p™V are both linearly
increasing in k with a slope equal to 1. This means that, the benefit of increasing the bandwidth and therefore the quality
delivered to consumers can be fully captured by the ISP in a neutral or a zero-rating regime. And, as we have shown earlier,
the profit of the ISP is larger under zero-rating than under net neutrality as p“R > pNN. Hence, it always pays for the ISP to
zero-rate the weak content.

On the other hand, the price p” is not linear but strictly concave in «. With prioritization, quality is not uniform across
consumers and content; it is equal to 1 on the fast lane and to g; on the slow lane. Therefore, should the ISP increase the
bandwidth, it will only benefit those who are on the slow lane, i.e. consumers of the non-prioritized content. Furthermore,
the benefit of a larger bandwidth for consumers on the slow lane is larger when this extra capacity is shared between few of
them i.e. when the non-prioritized content has a lower market share. Since this market share x” increases in «, the benefit
of increasing capacity is increasing but concave in «. As the price charged by the ISP reflects the benefit of the marginal
consumer, the price is concave too. We will show (Lemma 4) that for exactly the same reason, the consumer surplus is
convex in «.

Comparing the prices p?R and pf, we show that the average price is always higher under ZR than under P except for
Kk = k1 where they are equal. This equality is a consequence of Lemma 2; for x = x7 consumers view P and ZR as totally
equivalent, hence their willingness to pay is the same. Comparing the prices under NN and P, we find that p® is larger than
p"Nifi >k =1- 4, with k < k1. We summarize our findings in the following lemma:

Lemma 3. (1) If k5 > «*, then p?R > pP > p"N for all k < [k, 1] and PR > p"N > pP for all k € [k*, k3] (2) If k5 < Kk*, then
PR > pP > p™N for all k € [*, 1].

The results of Lemma 3 are represented on Fig. 3. Lemma 3 shows that without side payment from the content providers,
the ISP will always implement a zero-rating policy with the weak content being privileged. The intuition for this result

is the following. Zero-rating is a tool that the ISP can use to create any level of asymmetry between content it chooses
to, therefore the optimal zero-rating offer is the one that creates the optimal level of asymmetry. Prioritization is a more

14 Assuming that the ISP will not deliberately slow down content when there is capacity available.
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Fig. 3. Prices under NN, ZR and P for «, > «*.

constrained tool for the ISP as the quality differential is endogenously determined by the consumers’ choices. Indeed, as
Lemmata 2 and 3 show, for « < k; the asymmetry created by prioritization is higher than optimal, whereas for x > k it
is lower than optimal.

5. Potential transfers from the CPs to the ISP

In the previous section we search for the preferred policy for the ISP, ignoring that CPs can compensate the ISP for having
a privileged treatment. In this section, we solve the full game and investigate how the ISP’s ability to extract money from
the CPs alters market outcomes.

Importantly, we assume that in the beginning of the game the ISP credibly commits to offering only one type of pref-
erential treatment: either paid prioritization or zero-rating (or nothing), and this becomes common knowledge among all
players. Therefore, after committing to paid prioritization, it cannot threaten a CP to approach its competitor with a zero-
rating offer and vice versa. In other words, we restrict the ISP’s possible threats in the bargaining stage, simplifying the
analysis considerably. Given the regime chosen at stage 1, CPs are competing for preferential treatment by simultaneously
submit offers to the ISP who then either accepts one of the offers or rejects both. In the latter case the neutral regime
applies. An offer consists of a transfer from the CP to the ISP and does not include a commitment to the price charged to
consumers. Therefore, the ISP subsequently plays one of the price subgames described in Section 3.

5.1. Zero-rating offers

In the previous analysis we established that in the absence of transfers from CPs to the ISP, the optimal zero-rating policy
of the ISP is zero-rating the weak CP. It also clearly follows that the ISP will never benefit from zero-rating the strong CP.
In particular, in case the bargaining ends with zero-rating the strong content (corresponding to ¢ < 0), in the subsequent
price subgame the ISP will choose a value for the discount ¢ as close as possible to zero. This means that zero-rating the
strong content is equivalent to the NN situation.

Therefore, the credible threat point of the ISP in case its offer is refused by the weak CP is the NN situation. Given that
the aggregate demand is fixed, zero-rating only displaces demand from one CP to the other. Hence, the maximal willingness
to pay for the preferential treatment is equal to the value of the additional traffic which is equal to o (xMN — xZR) > 0 for both
CPs. As p"N < p?R_ the ISP loses revenue from the consumers if it accepts the offer of the strong firm, thus the equilibrium
outcome will be the ISP zero-rating the weak firm.

Next, we determine the optimal bid. There are two cases depending on the size of the CPs’ advertising revenue, p. First,
if it is sufficiently large that the maximal bid of the strong CP compensates the ISP for the loss of revenue, i.e. if

57R _ NN
PN xRy LW S R s p s I;iN_I;ZR = o = 077
then the weaker firm must bid a positive amount to get the zero-rating agreement. In particular, in equilibrium the weak
CP’s bid equals

(NN _ xZRy 4 pWN _ R - @

which is positive but smaller than its maximal willingness to bid as p > pZR.

10
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Second, if advertising revenues are relatively small, p < pZR, then the inequality above is not satisfied, thus the strong
CP’s maximal bid is insufficient to compensate for the ISP’s loss of profits, therefore the weak firm gets zero-rated for free,
and its optimal bid is 0.

Generally, the weak CP bids max{0; p(xNN — xZR) 4 pNN _ 3R} and wins the zero-rating contract. The ISP’s overall profit
is given by max{p?R; p(xNN — xZR) 4 pNN},

5.2. Paid prioritization offers

From the previous section we know that under ¥ > «k, prioritizing the weak CP is the best prioritizing option for the
ISP as it extracts more revenue from the consumers’ side. If instead, the ISP prioritizes the strong CP, it will charge a lower
price p§ < pP to consumers but the strong CP will gain additional traffic xf —xf}, > 0.1> However, the traffic gains by the
strong CP are the traffic losses of the weak CP. Therefore, the maximal bid of both CPs is given by ,o(x’s’ —xPW) and, given
that consumers pay more when CPyy is prioritized, the ISP will accept the offer from CPy,.

Following the logic laid out above in the zero-rating case, we first determine the strong firm’s maximal bid. Its maximal
bid equals p(xf —x). The weak CP must then bid

max{0; p (x5 —xy) + ps — p°}

to win the contract, and the ISP’s profit is given by max{p®; o(xf —xl,) + pt}.

Finally, p” < p™VN for k* < k < K5, thus the ISP prefers neutrality in the absence of a sufficiently large payment from one
of the CPs, i.e. it will refuse the offers made by the CPs. Consequently, in order to be prioritized, the weak CP must overturn
both neutrality and priority to the strong CP, and it will be able to do so when traffic has a sufficiently high value.

5.3. ISP’s choice between paid prioritization and zero-rating

Next we investigate the ISP’s decision in a regulatory environment where the ISP is free to choose either prioritization
or zero-rating.

The level of CPs’ advertising revenues is a key factor in the ISP’s choice. From the previous results it clearly follows
that for low advertising revenues the ISP prefers zero-rating as p?R > pP. Intuitively, with low advertising revenues, the CPs
cannot afford to compensate the ISP for switching to the other regime, as it would result in relatively large losses on the
consumer side.

Conversely, with high advertising revenues the large payments from CPs to the ISP can dwarf the eventual loss of ISP
profit from the consumer side when it changes to paid priority programs. Under certain conditions, prioritization creates
a larger divide in market shares than zero-rating programs, making them more attractive for the ISP when advertising
revenues are high. The next Proposition formalizes these findings.

Proposition 2. There exist k' € (x1, 1) and p(k) > 0 such that prioritization is the equilibrium choice of the ISP for k < k’ and
p > p(k). Otherwise the ISP chooses zero-rating in equilibrium.

Intuitively, to overturn the zero-rating regime, prioritization must create a larger distortion in market shares than zero-
rating. For that, the quality differential between the prioritized and the non-prioritized content should be large enough,
which corresponds to a relatively low value of capacity. In addition, traffic should be sufficiently valuable for CPs, as captured
by the level of advertising revenues.'® As demonstrated in Lemmata 2 and 3, without side-payments, i.e. with o = 0 the ISP
benefits from reducing the asymmetry of content types as it allows it to charge a higher price on the consumer side. In turn,
Proposition 2 shows that for high levels of advertising revenues the ISP prefers trading off lower revenue from the consumer
side for higher revenue from the CP side by increasing the asymmetry of content types.

6. Welfare analysis

In this section, we focus on the consequences of the ISP’s choice on consumer surplus. Total welfare, defined as the sum
of consumer surplus, the profit of the ISP and the CPs, is arguably of lesser interest in our framework.!”

15 In Lemma 5 in the Appendix, we show that when priority to the strong is given, the highest profit is achieved at the interior equilibrium whenever this
equilibrium exists, that is when x > ”54 Notice that this is stronger than Assumption 4, but they are qualitatively similar: they both require a relatively
high level of capacity and horizontal differentiation. For the subsequent analysis, we will assume that this condition holds but as we discuss below, our
results do not qualitatively depend on this parameter restriction.

16 This logic is independent of the type of equilibrium under prioritization. In particular, even if an interior solution with priority to the strong CP does
not exist, prioritization will be implemented provided that it leads to a sufficiently strong distortion in market shares combined with high value for traffic.

17" As prices are pure transfers, and average quality is the same in our model with unit consumption and covered market, welfare is highest in the regime
where the transportation costs are lowest, that is under net neutrality. This implies that discrimination of content by the ISP - either in price or in quality-
is never welfare-improving. This result does not come as a surprise, as in our model, discrimination is only a tool for the ISP to alter competition on the
market for content and does not have added value. Comparing P and ZR, the solution leading to higher welfare is the one where transportation costs are
lower, i.e. where the market share of CPy is smaller (see Lemma 2 for details).

1
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6.1. Characterization of consumer surplus

Before we formally compare consumer surplus under the three regimes, it is important to recall three features of the
model. First, the average quality is the same in all the configurations we considered (and equal to «), and in particular,
there is no improvement in the average quality under prioritization. Second, under NN and ZR, prices are linear in k, so
the ISP fully captures any quality increase. Last, transportation costs are minimized if there is no discrimination between
content types, i.e. they are the lowest under net neutrality. These observations lead to the immediate conclusion that the
consumer surplus is higher under NN than under ZR. Formally, the consumer surplus under both NN and ZR is independent
of « and equal to

a
CSNN:U+/<—pNN—/ t(a—t)dt—/
0 a

XNN

1
r(t—a)dt—/ t(l—t)dt:t(l—Eaz), and
o 471

a xZR 1
CSZR=U+K—pZR—/ ¢+t(a—t)dt—/ ¢+t(t—a)dt—/ r(l—t)dt:CSNN—t%az.
0 a XZR

Consumer surplus under P simplifies to
a xP 1
CSP =v+k —pp—/ r(a—t)dt—/ t(t—a)dt—/ (1 =1t)dt.
0 a xP
Contrary to the other cases, the consumer surplus is not constant in «, as x” is concave in k. The following Lemma
summarizes the comparison of CS” to the other two regimes.

Lemma 4.

(i) The consumer surplus under P is convex in x with CS* = CS"N for k =1 and 2= =0 for k = K.

(i) There exists a cutoff value of capacity k3 = 1 —at + a®t such that if k3 < «*, then net neutrality is the preferred regime of
consumers for all capacity levels, i.e. for all k € [k*, 1]. If k3 > Kk*, then CS > CSMWN for «c € [«*, k3], i.e. consumers prefer
prioritization for low capacity levels; whereas CS? < CSNN for « e [k3, 1], i.e. they prefer net neutrality for higher capacity
levels.

(iii) CSZR > CSP if and only if xq = 8=80T3¢°T — ¢ <y = 8=201-c’r

(iv) k3 < k4 < Ky < K1.

csP
oK

The convexity of consumer surplus in part (i) is the direct consequence of the concavity of xP, as established under
Proposition 1. One can find «3 defined in part (ii) as the smaller root of the equation CSP = CSNN. Clearly, the larger root
must equal 1 as for « = 1 prioritization coincides with net neutrality. Intuitively, comparing the surplus under NN and P, it
is clear that for all k5 < k < 1, CSNN > (SP as the price and the transportation cost are both higher under P. However, for
lower values of «, prioritization leads to a lower price but still a higher transportation cost. Part (ii) captures this tradeoff.
The values of intersections in part (iii) are again a consequence of CS”’s convexity. Finally, the order of variables in part (iv)
can be checked in a straightforward manner and helps us to plot the relation of consumer surpluses. Figure 4 summarizes
these results.

6.2. Consumer surplus in a laissez-faire regime

Proposition 2 describes the optimal policy choice of the ISP in a laissez-faire regime, i.e. in a world where transfers from
CPs to the ISP are allowed. The consequences of this choice for consumers can be easily inferred from Fig. 4.

We observe that, when congestion is limited, zero-rating is always harmful to consumers independently of p. Note that
for large values of advertising revenues, p, zero-rating is implemented precisely when congestion is limited. Hence, for
p > P, i.e. when zero-rating is chosen by the ISP, it is the worst regime for consumers (as k¥’ > «1).

Next, when prioritization is implemented, it benefits consumers if and only if congestion is severe (k < k3). In those
cases the price charged to consumers is low, and the ISP creates a large distortion on the content market. Hence, it manages
to extract a large payment from the prioritized CP. The lower revenues on the consumer side are more than compensated
by higher transfers on the CP side. In that sense, the CP ‘subsidizes’ the consumers who thus benefit from this policy. We
summarize this discussion in the following corollary.

Corollary 2. Regarding the choice between zero-rating, prioritization and net neutrality, for low congestion levels (k > k'), the
interests of the ISP and the consumers are opposed; for severe congestion (k < k3), the interests of the ISP and the consumers
are congruent if and only if advertising revenues are large, i.e. for p > p.

7. Larger asymmetry in content types

In this Section we test the assumptions of limited asymmetry we have made in the baseline model in three ways. In the
first two models, we relax the fixed demand and fully covered market assumptions, allowing the strong content provider to

12
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Fig. 4. Consumer surplus under NN, ZR and P for k3 > «*.

be significantly more appealing to consumers than its weak rival. In the third model, we relax the homogenous advertising
revenues assumption, allowing the strong CP to monetize traffic on its website better than its rival, thus making it more
attractive for the ISP.

7.1. Zero rating and variable demand

The baseline model is a fixed demand model where the market is fully covered and each consumer has a fixed demand
for content normalized to one. This is one of the assumptions that implicitly provide a limit to the asymmetry between
content providers. In this context, zero-rating and prioritization displace consumers from one content provider to the other
but the aggregate demand remains constant. As a consequence, the ISP prefers to make the weak content more attractive
in order to extract a higher subscription price from consumers. Whether it prefers prioritization to zero-rating depends on
the distortions it creates on the content market and the value of traffic for the CPs (Proposition 2). When the aggregate
demand is not constant, either because consumers intensify their consumption of the zero-rated content or because the
market is not covered, the ISP may prefer to zero-rate the strong content instead of the weak because it has a higher ability
to generate additional traffic. We propose two models with variable demand.'® In the first, the consumption of content
increases when the content is zero-rated. In the second, the market is no longer covered and zero-rating might be used to
increase market coverage. Finally, even if we do not formally develop the model, we argue that a similar mechanism is in
play with prioritized content.

7.1.1. Variable content consumption

In this section, we suppose that a marginal price equal to zero increases the individual consumption of the zero-rated
content. This has three consequences. First, zero-rating generates additional content consumption, directly increasing the
consumer surplus.

Second, the increase in demand generates additional traffic which, in a congested network, is costly for the ISP. For a
fixed capacity «, the additional traffic decreases the delivered quality g which in turn decreases the subscription price p. Or,
if the capacity is endogenous, the ISP must invest in its infrastructure to cope with the additional traffic. In both cases, it
generates an additional cost for the ISP.

18 A third extension would be to consider multi-homing consumers. Consider a version of our model where an endogenous fraction of the consumers
multi-home. By definition, prioritization and zero-rating would make the privileged content relatively more attractive and the non-privileged one less
attractive. Consequently, for multi-homers the single-homing option at the privileged content would become relatively more beneficial. We can therefore
expect that some multi-homers would switch to single-homing at the privileged content. As a consequence, we should observe less multi-homing in a
non-neutral network compared to a neutral one. This process would have a negative impact on the non-privileged CP’s revenue, thus CPs would be ready
to pay more for being prioritized or zero-rated. Overall, multi-homing would make prioritization and zero-rating more powerful tools for the ISP to manage
asymmetry on the content market. Although its differential effects in the regime choice of ISP are a priori unclear, we do not see any obvious reasons why
it would change our main results qualitatively.
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Third, in our initial formulation when CPs are bidding to be zero-rated, both firms bid the same amount as the traffic
gained by one firm is lost by the other. With variable demand, this is no longer the case as zero-rating generates a traffic
expansion both at the intensive and at the extensive margin. Therefore, the strong CP can potentially gain more from being
zero-rated than the weak one and the ISP may prefer to zero-rate the strong content.

To formalize this last claim, let us consider the following modified model. The ISP still charges a connection price p to
consumers and a variable fee per unit of content consumed, ¢s for the strong content, ¢y, for the weak content. These
variable fees can take two values, zero or ¢, which we consider to be given. Each consumer of content i will have a demand
equal to 1 if ¢; = ¢ and equal to 1+ 6 if content i is zero-rated i.e. if ¢; = 0. The individual consumption of the zero-rated
content increases by 6, giving an extra surplus ® to the consumer while the consumption of the non-zero rated content
remains constant and equal to one.

The total traffic and therefore the quality ¢ depends on which content is zero-rated. When the strong content is zero-
rated, the indifferent consumer is characterized by

gZR=5_1+a ® 1)

2 Tt
The total traffic is equal to XZR=S = 1 + 0%ZR=S and the associated quality is ¢Zf=5 = 7=~ Similarly, when the weak content
is zero rated, we have

22R:W_1+a ® ¢

2 2t 21

The total traffic is equal to XZR=W =1 + 6 (1 — #%2R=W) and the associated quality is gZR=W = 7w -

Zero-rating the strong content generates more traffic (X2R=S > XZR=W) and, consequently, the associated quality is lower
(q%R=S < q?R=W), The optimal price p is such that the indifferent consumer has a zero utility. Comparing the associated
profit, it is straightforward to show that 72R=S — 7 ZR=W — _q¢ — (¢ZR=W _ ¢ZR=S) - 0, i.e. the ISP has a larger revenue from
consumers if it zero-rates the weak content, similarly to the baseline model.

Considering the competition between CPs to be zero-rated, however, CPs are no longer ready to pay the same amount as
the total demand is no longer fixed. The bid of the strong CP will be at most equal to the additional revenue from traffic it
can expect if it is zero-rated instead of the weak CP. The highest possible bid for the strong CP is thus equal to

bS _ ,O()?ZR:S(l + 9) _)zZR=W) — p()"{'ZR=S _)zZR=W) 4 pe)'zZR:S
And similarly for the weak CP:
BY = p[(1 = R (1 +0) — (1 - #5=5)] = p (RS — RW) 1 po (1 — &RV

Combining the two leads directly to b° — bW = paf > 0. Hence, we can establish that if p is large enough, the ISP will
choose to zero-rate the strong CP because then the benefit of additional traffic paid by the CP more than compensates the
lower revenue paid by the consumers.

ogs . ~ ZR=W _ 4ZR=S . - . - .
Proposition 3. There exists p = % + % such that, if p > p, the ISP zero-rates the strong content and if p < p then it

zero-rates the weak content.

The Proposition shows that there always exists a range of parameters for which zero-rating the weak CP remains the
ISP’s optimal choice. This result obtained in the baseline model is then robust.

7.1.2. Non-covered market

Next, we analyze the case in which the market is not fully covered but we suppose that each consumer has a unit
demand for content. For that, we consider an extended Hotelling line with a mass b of additional consumers located at the
left of the original interval. To avoid dealing with negative numbers for the consumers’ location, let us suppose that the
Hotelling line has a length of 1 + b, CPy is located at the right extreme (x = 2) and CPs is located at x = 1 + a, and the most
extreme potential consumer sits at 1 — b (see Fig. 5). Clearly, the asymmetry between CPs is increasing in the parameter b,
the mass of additional consumers closer to the strong CP.

In this case, there are two indifferent consumers: the consumer & who is indifferent between CPs and CPy, with X €
[1+a,2] and the consumer x who is indifferent between CPs and not subscribing to the ISP, with 1 —b <x <1 +a. The
market shares of CPs and CPy, are respectively (¥ —x) and (2 — X).

The ISP chooses the base subscription price p and decides which content is zero-rated. As in the previous extension, we
denote the additional price for accessing CPs by ¢. When ¢ > 0, the weak content is zero-rated, when ¢ < 0, it is the
strong content that is zero-rated. The maximization problem of the ISP is the following:

mng(Z -X)p+(X-x)¢ subjectto UR),U(x)=>0;x>1-b
p.
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Proposition 4. There exists by, by and b, with 0 < by < by < by such that: (i) When b < by, x=1—b and when b > b,,
then x = 1 — b,. (ii) The optimal surcharge ¢* increases in b for b € [0, by] and decreases for b € [bg, b,]. (iii) The ISP optimally
zero-rates CPy (¢* > 0) when b < by and CPs (¢* < 0) when b > by.

Proposition 4 states that, with a variable demand, the market will be covered up to 1 — b,. The price surcharge ¢ is used
to extract surplus from consumers of the strong content but also to attract consumers on the left of the line. For this reason,
the optimal surcharge ¢* is concave in b, increasing for low values of b to collect more surplus and decreasing for middle
values of b to extend the market size. At a point, it even becomes negative and the ISP optimally starts zero-rating the
strong CP. Accordingly, part (iii) shows that the ISP realizes the highest profit, including the potential bids received from the
CPs, by zero-rating the weak CP for b < by and the strong CP otherwise. In this variable demand model, the ISP will zero
rate the strong content only when its capacity to increase demand is very significant, i.e. when the asymmetry between
content types is very large. Otherwise, it zero rates the weak CP as in the baseline case.

To conclude, a similar argument can be made for prioritization of content. In a fixed demand model, the ISP always
prefers to prioritize the weak content in order to extract a higher price from consumers. When demand is variable, by
the same logic as above, there exists a range of additional demand where prioritizing the weak content remains profitable.
When the potential gain of market share is sufficiently large, however, the ISP may give priority to the strong CP as it is a
tool to enlarge its demand. Furthermore, with variable demand and fixed capacity, prioritization is likely to create a large
quality gap between the two CPs, and, as we have shown, it is exactly in those circumstances that the ISP can extract the
largest amount from the CPs. Therefore, we conjecture that the results presented in Proposition 2 can be extended to the
non-covered market case.

7.2. Heterogeneous advertising revenues

In our model, we call the strong CP the one that has a larger market share without discrimination by the ISP. Another
potential difference between the CPs is their capacity to monetize traffic (as in Bourreau et al., 2015; Jullien and Sand-
Zantman, 2018; Somogyi, 2018). A plausible reason for having a higher ability to monetize the traffic for the strong CP is
that a higher consumption level implies more data, which can entail more revenue through a better targeting of the ads
or data trade and partnerships. In this extension, we investigate that case by considering ps > pw and we show that our
results are robust to this alternative specification.

In Section 5 we show that the choice of regime depends both on the valuation of traffic by the CPs and the payment the
ISP can collect from the consumer side. In equilibrium, the weak CP pays less than the strong CP would be willing to pay
and still secures preferential treatment because the ISP can collect more revenue from consumers when giving preferential
treatment to the weak CP.

With heterogeneous advertising revenues, when traffic is more valuable for the strong CP, its bid increases relative to
the bid of the weak CP. However, to overturn the regime choice of the ISP, this bid increase must be sufficiently large to
compensate for the losses on the consumer side. Therefore ps must be substantially larger than py, to overturn the market
equilibrium. In this sense, our results are robust: a limited difference between advertising revenues is not sufficient for the
strong CP to gain preferential treatment.'?

8. Extensions and robustness checks

In this Section we briefly summarize extensions and robustness checks of our baseline model.

Subscription-based business model. In the baseline mdoel we assume that content providers follow an advertising-
based business mode. However, our qualitative results also hold in a subscription-based business model where CPs charge
access fees to consumers. To see this, we introduce an additional first stage in the model where CPs simultaneously choose
the level of subscription fees.2 We show that despite the strong CP’s ability to directly benefit from its advantageous posi-
tion (by charging a higher fee to consumers than its rival), the ISP still has room to create additional profitable differentia-
tion by zero-rating the weak CP. Therefore, the logic of the advertising business model described above still applies to the
subscription-based business model. See Appendix A.1 for details.

Simultaneous prioritization and zero-rating. In the baseline model, the ISP either prioritizes content, or zero-rates it,
or does neither. In this extension we study the optimal policy of the ISP when it has the opportunity to engage in both
practices at the same time. In other words, the ISP can discriminate both in price and in quality.

The ISP can zero-rate the non-prioritized or the prioritized content and there are real-life examples of both. In practice,
ISPs have created such situations by throttling specific content. An example of zero-rating of non-priority content is T-
Mobile’s Binge On program where the zero-rated video content is not available in HD (the resolution is limited to 480p). At
the same time, in Europe there have been examples for zero-rated priority content. Some ISPs offered zero-rating contracts

19 In Reggiani and Valletti (2016), the probability of clicking on the content’s ad-banner is larger for the prioritized content. In this case, we would have
ps < pw in the prioritization regime which would increase the potential payment from the weak content. This would clearly reinforce our results.
20 In addition to being very tractable, this timing is the one consistent with the covered market assumption, as demonstrated by Jeitschko et al. (2018).
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where the traffic was slowed down or eventually interrupted for all content but the zero-rated one when the monthly data
cap was reached.?! Thus, the price and quantity discrimination are not necessarily going in the same direction.

Using our model, we first show that when combined with zero-rating, the ISP prefers to give priority to the weak content
in an interior equilibrium, similarly to the baseline case. For relatively high levels of capacity, the quality differential between
the two content is limited. In this case, the ISP zero-rates the weak content and price discrimination reinforces quality
discrimination. On the contrary, for relatively low levels of capacity, quality differentiation is important. In this case, the ISP
prefers to zero-rate the strong content and price discrimination mitigates quality discrimination.

However, we also find that the profit with prioritization and zero-rating is lower than the profit with zero-rating alone
as long as there is some congestion. Thus, without side-payments, the ISP will use just one out of the two available instru-
ments, the price, to discriminate between content. This is reminiscent of the results of Economides (1989), and Neven and
Thisse (1989) who show that firms choose maximal differentiation in one dimension (the price in our model) and minimal
differentiation in the other (the quality in our model).

With side-payments from CPs, simultaneous prioritization and zero-rating can be advantageous for the ISP whenever
advertising revenues are sufficiently high. We provide a sufficient condition for this. See Appendix A.2 for details.

Investment in capacity. In the baseline model, we have assumed that the capacity of the ISP is exogenous. In this section
we relax this assumption and let the ISP invest in costly capacity building at an initial stage of the game. Investment in-
centives of different regulatory regimes on the internet are an important aspect of both the policy debate and the academic
literature (see e.g. Choi and Kim, 2010; Economides and Hermalin, 2012; Bourreau et al., 2015). On the one hand, opponents
of net neutrality claim that the additional revenue from the CP side is necessary for the ISP to finance capacity building. On
the other hand, advocates of net neutrality fear that allowing preferential treatment creates perverse incentives for the ISP
to keep capacity levels low in order to continue extracting benefits from the CP side.

Our analysis of investment incentives under prioritization and our results are similar to the analysis of Choi and Kim
(2010). There are two effects in play. First, prices under prioritization are strictly concave in capacity « i.e. additional capac-
ity only improve the delivery speed on the slow lane. Second, congestion reinforces the distortion on the content market
created by prioritization. The lower the capacity levels, the higher the distortion is, and consequently the higher the level
of side payments the ISP can extract from the prioritized CP. Therefore, under prioritization the ISP may have an incen-
tive to sustain an inefficiently high level of congestion in order to extract more payments from the CP side. This happens
when advertising revenues are sufficiently large, which is precisely the condition for the ISP implementing prioritization
(see Proposition 2). Thus prioritization may create a trap for the ISP in the sense that a medium initial capacity level leads
to reduced subsequent investment, especially for high advertising revenues, reflecting the fear of net neutrality advocates.
Thus, under prioritization, the capacity level chosen by the ISP is generically socially suboptimal.

On the contrary, in the zero-rating regime, we find that the ISP’s investment incentives are completely aligned with the
social optimum as the ISP’s profit are simple linear functions of the capacity level. Additional capacity speeds up uniformly
the content delivery and the ISP can charge more for access. Intuitively, zero-rating, a form of price discrimination, does not
require congestion to be profitable. See Appendix A.3 for details.

Competing ISPs. In the baseline model we consider a monopolistic ISP. However, internet service providers potentially
compete on both sides of the market. On the user side, they compete to attract consumers. On the content side, they
compete to privilege attractive content. Let us consider competing ISPs, each of them having an installed base of users
i.e. we focus first on competition on the content side of the market. As their clients do not multihome, the ISPs offer
privileged access to their client base to the CPs. Each ISP is thus the unique provider of additional traffic from its clients
to the competing content providers. Therefore, the CPs compete for privileged access at each ISP. In our baseline model,
we considered competition between CPs for being prioritized or zero-rated at a single ISP. But this model can be easily
transposed to the case of competing ISPs as each of them offers monopolistic access to its clients. Therefore, we believe that
our specification of competition on the CP side easily extends to the case of competing ISPs.

Competition on the user side is more complicated. Our model shows that discrimination of content generates additional
income for the ISP when the traffic is sufficiently valuable for the content providers. Therefore, one could expect that the
additional profits generated on the content side intensify competition on the user side. The first and most obvious effect of
competition between ISPs is a likely price decrease for users, its size depending on the elasticity of demand. However, if the
price elasticities of demand are limited - as it is the case in our baseline model- competition on the user side is limited,
and our model and its results can be used to describe the case of competing ISPs. This would be the case, for instance in
models of horizontally differentiated ISPs as in Bourreau et al. (2015) or Choi et al. (2015) when consumers have a strong
preference for one ISP over the other.

However, ISPs do not only compete in prices to attract users. Offering privileged access to content is part of the compet-
itive process. On the one hand, the ISPs want to offer privileged access to the most valuable content, which is the one that
can attract the largest revenue from the CP or the user side. On the other hand, ISPs want to differentiate themselves from
their competitors, a reason for not privileging the same content. It is, therefore, a priori not clear whether competing ISPs
will privilege the same content. Broos and Gautier (2017) consider a similar framework where competing ISPs can include

21 These contracts with zero-rating and throttling were considered to be a violation of the European net neutrality regulations and later forbidden (see
Kramer and Peitz, 2018 on these points).
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or not a competing application in their bundle of products. They show that if an ISP excludes the app, the other has incen-
tives to offer it, i.e. app exclusion at both ISPs is not an equilibrium. But both ISPs offering the app could be an equilibrium.
Similarly, we conjecture that, in our context, an ISP always has incentives to propose a privileged offer if the other does not.
However, our model cannot predict whether all operators will propose zero-rating offers (as in Portugal) or only some of
them (as in Germany or the UK). Neither can we conclude that offers will be different, as in the US where mobile operators
zero-rate different video content, or similar like in Portugal where the three leading operators zero-rate the same bundle of
applications.??

9. Discussion
9.1. Policy implications

In this section, we highlight two policy interventions for which considering the three regulatory regimes within the
same model is crucial to drawing the right conclusion about the implications for consumer surplus. To put these potential
interventions in context, we start by describing current regulatory approaches in different jurisdictions.

Current regulatory approaches to zero-rating and prioritization

In the US, the 2015 Open Internet Order explicitly mandates a case-by-case treatment of zero-rating, i.e. zero-rating
was tolerated, but in contrast, paid prioritization was prohibited by a bright line rule. The FCC, the US telecommunications
regulatory body, investigated the four zero-rating offers in place in 2016 and expressed concern over two of them (Verizon’s
FreeBee Data and AT&T’s Sponsored Data programs) likely harming consumers.?> These two programs have in common that
the ISP zero-rated exclusively its affiliated video service subsidiary, while the other programs such as Binge On by T-Mobile
were non-exclusive and multiple content providers were eligible for zero rating. However, this investigation did not have any
legal effect as the FCC's composition changed under the Trump administration, and all further investigation was stopped.
Moreover, the new FCC voted a repeal of the 2015 rules and abolishing net neutrality protections in December 2017. The
repeal has resulted in both business practices being currently permitted in the US.

In 2015, the EU decided to adopt rules similar to the US regulation that were in place between 2015 and 2017. BEREC
(Body of European Regulator for Economic Communications) published Guidelines for net neutrality BEREC (2016) mandating
a case-by-case treatment of zero-rating offers by national regulatory authorities, while explicitly banning paid prioritization.
The Guidelines explicitly prohibit zero-rating of content in case the data cap is reached and all other content is throttled
or blocked. In practice, according to this principle, some specific zero-rating offerings were banned by national regulatory
authorities (see e.g. the case of Telenor in Hungary, Telia in Sweden and T-Mobile in Germany). In contrast, other offerings
were found legal (e.g. Proximus in Belgium).?* While Canada also decided not to ban zero-rating ex-ante, in practice CRTC,
its regulatory authority took a very strict approach toward it, de facto prohibiting both zero-rating and paid prioritization.?>
For a detailed summary of the history of zero-rating regulation up to the end of 2016, see Yoo (2016).

Asymmetric regulatory approach banning prioritization

As described above, some regulators have an asymmetric approach to prioritization and zero-rating, banning the former,
allowing the latter under some conditions. Previous work on net neutrality regulation compared either prioritization pro-
grams or zero-rating programs to net neutrality. However, our model points out that this can be misleading, as the relevant
choice of the ISP is not between prioritization and neutrality but between prioritization and zero-rating.

When congestion is limited, and the asymmetry between CPs is not very large, our model shows that the ISP prefers
zero-rating to prioritization because price discrimination is more effective to extract surplus from consumers and content
providers. For high values of «, prioritization has a limited impact on consumers and on the market for content. A ban on
prioritization has then little effect as the ISP prefers zero-rating anyway.

When congestion is more severe, prioritization creates more distortion on the market for content and on the incentives
to develop the infrastructure. This however must be traded-off with a lower ability for the ISP to extract surplus from
consumers. In fact, our model shows that for low values of k, consumers might be better off under prioritization than
under zero-rating and, eventually, than under net neutrality. Therefore, for severe congestion, a ban on prioritization is
likely to lead to ISP choosing zero-rating instead. Our model shows that, in a static perspective, it is the worst-case scenario
for consumers but that in a dynamic perspective, it may lead to faster improvement in infrastructure. The welfare effect of
a ban on prioritization should trade-off these two dimensions.

Ban on side payments Next, we discuss the consequences of a regulatory policy consisting in banning payments from the
CPs to the ISP while taking a laissez-faire approach otherwise, i.e. allowing both prioritization and zero-rating programs
without side payments. Whenever side payments do not influence the ISP’s regime choice, they are purely transfers from
the CPs to the ISP and thus inconsequential for consumer surplus. However, from Proposition 2 we know that side payments
can make the ISP switch from a zero-rating regime to a prioritization regime for sufficiently high levels of congestion and
advertising revenues. As we have argued above (Corollary 2), it is exactly in those circumstances that consumers could

22 See p. 37. of the report of the European Commission (2017).

23 https://tinyurl.com/ycfpaneq

24 A report by the European Commission (2017) describes the BEREC regulation as well as most of these cases in detail.
25 https://goo.gl/eHcE]1
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benefit more from prioritization. Therefore, from the consumers’ perspective a ban on side-payments can adversely influence
the regime choice of the ISP, at least under limited asymmetry between CPs. This is a novel unintended consequence of this
policy that our model identifies.

9.2. Conclusion

In the recent public debate about how to regulate the internet, net neutrality advocates have feared that the repeal of
regulations would empower ISPs which in turn would harm consumers. On the contrary, opponents of net neutrality rules
have claimed that such an empowerment of ISPs is necessary and ultimately beneficial for consumers. Our model reflects
this debate by analyzing the two business practices that have recently become unrestricted in the US (prioritization and
zero-rating) as new tools for the ISP to discriminate content without any inherent added value. In our baseline model,
we focus on the case of content providers that are not too asymmetric. We show that as expected, it is always in the
ISP’s interest to deviate from net neutrality and use one of the two business practices. In particular, the ISP implements
prioritization if congestion is relatively severe and the value of content is high, otherwise it implements a zero-rating plan.
Moreover, we find that zero-rating always harms consumers for low levels of congestion. Prioritization is the preferred
option of both the ISP and consumers under severe congestion and high-value content, because the low price charged by
the ISP to consumers is counterbalanced by large payments from the CPs. Furthermore, we find that the exclusion of a
content provider is not optimal for the ISP whenever CPs are not very asymmetric, contrary to the fears of net neutrality
advocates.

A first limitation of our model is the monopolistic ISP assumption. We discuss in Section 8 explicitly why we believe
that our results are robust to some forms of ISP competition as well. A second limitation is that we consider a model with
fixed content supply. In Kramer and Wiewiorra (2012); and Reggiani and Valletti (2016), there is a demand expansion on
the consumer side that results from increased participation on the content provider side and different regulations affect
content provision by CPs. A third limitation is that our model investigates the ISP’s intervention in the content market while
assuming that CPs are rather passive. They collect advertising revenues and eventually bid for preferential treatment, but
they cannot invest in making their content more attractive to consumers. A natural extension could try modelling investment
incentives of CPs, as in Choi et al. (2018). We leave the explicit modeling of these three important features for future work.
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Appendix A. Extensions and robustness checks
Al. Subscription-based business model

Assume that at the beginning of the game the strong and the weak CP set subscription fees per user fs and fyy, respec-
tively. Then, the ISP decides on the connection price p and the surcharge ¢. The location of the indifferent consumer x on
the Hotelling segment is:

o 1ta o fs—fw
) 27 21
Taking their effect on the marginal consumer into account, CPs maximize their total revenue from subscription fees: fsx and
fw (1 = x). First-order conditions imply that the optimal subscription fees are
f_r(3+a)—¢> t3-a)+¢
5T 3 3 '
In this case, the price of CPs is % - %qﬁ above the price of CPy and the location of the indifferent consumer is given by
X= 3# - % The optimal prices charged by the ISP are:
T(6-0a)
R

VHq-p-¢-t(x-a) - fs=v+q-p-t(1-X)-fuw <

and fy =

¢:%>0 and p=v+k—

leading to a profit equal to 7% = v+ k — 37 4 920219 Gijven that the optimal price differential, ¢, is strictly positive, this
profit is larger than the profit under net neutrality. Therefore despite the positive subscription fees charged by the CPs, the
ISP still have some room for zero-rating.

A2. Simultaneous prioritization and zero-rating
In our baseline model, we give to the ISP the choice between two forms of discrimination in price or in quality. In this

section, we consider the situation in which the ISP can discriminate both in price and in quality, a regime of combined
prioritization and zero-rating (P+ZR).
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As before, let us write ps = p + ¢, where ¢ can be positive or negative. With priority and zero-rating, the location of the
indifferent consumer x is given by:

1+a ¢  gs—qw

2 2t 2T
Taking qualities (qs, qw) as given and solving the ISP’s maximization problem, the optimal prices are: ¢ = 4 + @

V+Gs—p—¢—-Ttx-a)=v+qw-p-7(1-%) & x=

and p=v+ %9 _ T 4t Ap these prices, the market share of the CPs is given by xZR+P — 2:a 35 In an interior

equilibrium with priority to the strong CP, we have g5 =1 and qy = %; with priority to the weak CP, we have g5 =

ZR+P .. . el . . . . .
%’m and gy = 1. Similarly to the prioritization case, finding the solution involves a fixed-point problem.

When the weak CP is prioritized, the prices are:

PP = (14v) + % - @ + %\/(2+a)2r2 —16(1 — k)7,
PFRAP = %\/(2 +a)212 - 16(1 — k)T — %.

And we denote the corresponding profit by 728+P. Analogously to Proposition 1, we can show that when combined with
zero-rating, the ISP prefers to give priority to the weak content in an interior equilibrium whenever such an equilibrium
exists.

Proposition 5. An interior equilibrium with prioritization and zero-rating exists for k > 1 — %. For these parameters and
without side payments, the ISP always finds it profitable to prioritize the weak CP. The weak CP is also zero-rated if k > ky =

— 4%, and the strong CP is zero-rated if 1 — % < Kk < k. However, for the ISP, prioritization combined with zero-rating
results in a lower profit than zero-rating alone: w2Rk+P < 2R,

With prioritization of the weak CP, the price differential ¢ is equal to 4 — l’zﬂ It increases with a and decreases with
the quality differential. Whenever the capacity is limited, the quality differential is large and the ISP zero-rates the non-
prioritized content (¢ < 0) and price discrimination mitigates quality discrimination. Conversely, for larger capacity, the
quality differential is limited and the prioritized content is also zero-rated. In this case, price discrimination reinforces qual-
ity discrimination. However, the profit with prioritization and zero-rating is lower than the profit with zero-rating alone as
long as there is some congestion.

Finally, could the combination of priority and zero-rating ever emerge in the presence of side payments? To provide a
partial answer to this question, let us consider the following situation. Assume that x > x5 and that the ISP chooses zero-
rating in equilibrium (see the condition in Proposition 2). The weak content provider benefits from being prioritized on top
of being zero-rated as its market share increases compared to the case where it is only zero-rated: (1 — xZR+P) > (1 — xZR),
Hence, it is ready to pay more for benefiting from price and quality discrimination. However, the ISP will lose revenue from
the consumer side. Then if the benefit of the CP is larger than the loss of the ISP, implementing prioritization and zero-rating
against compensation is mutually profitable. Formally, a sufficient condition for this is

p(XPWJrZR — xZR) > TR _ PR,

This demonstrates that even if the combination of prioritization and zero-rating reduces ISP revenues from the user side,
it can emerge at equilibrium if the revenue from the CP side is large enough to compensate it, i.e. if advertising revenue p
is sufficiently large.

A3. Investment in capacity

In our model, the total welfare (the sum of consumers’ surplus and firms’ profits) is strictly increasing and linear in
capacity level k. Assuming the cost of capacity building c(«) is strictly increasing and convex, the socially optimal capacity
level is given by

min{1; «°} where c/(k°) =1.

The ISP’s overall profit under the zero-rating regime, max{p?R; p(xNN — xZR) 4 pNN}, is also linearly increasing in capacity,
thus the ISP’s investment incentives are completely aligned with the social optimum: it also builds min{1; «°}.
On the contrary, under prioritization, the capacity level chosen by the ISP is generically socially suboptimal. Whenever
prioritization is optimal, the ISP’s profit equals p’s’ + ,o(xg — xPW). The investment in capacity under prioritization is given by
LPISD d(Xg—XPW) _C/(K)
e TP e -
By concavity, the first term is larger (lower) than 1 if x is lower (larger) than the threshold value xs5. The second
term represents the distortion effect and is thus always negative. Clearly, there exists a cutoff p(x) such that the profit-
maximizing capacity level is lower than the socially optimal one if either (i) ¥ > k5 or (ii) p > p(k).

Proposition 6. Under zero-rating, the ISP’s investment in capacity is always at the socially optimal level of min{1;«°}. Under
prioritization, the ISP chooses a level of capacity below the socially optimal level whenever (i) k > k5 or (ii) p > p (k).
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Appendix B. Proofs
B1. Proof of Lemma 1

An interior equilibrium where the ISP gives priority to the weak firm’s content solves:

V+qs—p—-T(X—a)=v+1-p—1(1-X),
1-«

=1-
ds X

1-x<«k.

This leads to two potential interior solutions for x:

x_1+a_ (1+a2? 1-« and x—1+a+ (1+a2? 1-«
1= 16 27 2772 TV 16 27

which in turn lead to two different prices:

3—a+ (1 + a)? 11—«
4 16 27

3-a [(+a? 1-k

pr=v+l-t Z 16 27

< pp=v+1-7

Given that x; < xp, it is straightforward that the latter leads to a higher price. Moreover, whenever 1 —x; < k, the
condition for the first solution being interior is satisfied, 1 —x, < x also holds, i.e. the second solution is also interior.
Therefore, whenever the first solution is potentially an interior equilibrium, the second solution is also potentially an interior
equilibrium and it leads to a higher price for the ISP. Hence the first solution is always dominated by the second and will
never constitute an equilibrium of the pricing subgame.

There are two conditions for the existence of an interior solution. The first is that the quadratic equation defining the
location of the indifferent consumer have real root(s), which is guaranteed if and only if:

(1+a)? 1-« (14 a)?

16 57 20 & kzl-—7

The second condition is 1 — X, < k, which rewrites as

1+a+ (1+a)? 1—K>1 p K>1+r—ar
] 16 2T - @ k=T

The second condition implies the first one as ”57;‘" >1-— %, thus the second condition is necessary and sufficient
for the existence of an interior solution of the pricing subgame when the weak CP has priority. To simplify notation in the

main text, let xfj, =x, and pP = p,. O
B2. Proof of Proposition 1

In order to prove the Proposition, we show that in all the other equilibrium configurations lead to a lower price than p.
Interior equilibrium when CPs is prioritized If the ISP gives priority to the stronger firm’s content, in any interior solution
the indifferent consumer’s location x is given by

1 1-
V4l-p-t(Xx-a)=v+qw-p-1t(1-X) & x= era+ ZT(JW'

where the quality of the weaker CP’s content is qy = §=%. As in the previous case, there are two potential interior solutions
for x:

3+a 1-a)2? 1-« 3+a 1-a)2 1-«
; _ _ r_ _
e T3 5r A %=—7—+y 5 27

which in turn lead to two different prices for the ISP:

3(1 —a) _ (1 —-a)? 11—«

30-0), (-0 1-«
4 16 2t

/ _
pr=v+l-t 2 16 27

> p’2=U+1—‘E

Analogously to the previous case, it can be shown that one of the solutions leads to a strictly higher price while being
always an interior solution whenever the other solution is interior. Therefore, the solution ¥/, is dominated, and the condi-
tion for the existence of an interior solution is x] <« which translates to x > 1%% which is satisfied when Assumption

4 holds. In the following, we call pINT = p and x{ = x].
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We now show that piNT is below pP, i.e.

3(1-a) (1-a)3? 1-« 3—-a (1+a)? 1-«
"“_T( i V16 oz )Vt tl VTw  )

Clearly, this is equivalent to

31-a) [(-a)? 1-xk 3-a [(+a? 1-«x
4 V7~ 16 2t 4 16 2t

which rewrites as

1+a)3? 1-« 1-a)3? 1-«
a/2>\/ 6 2¢ V16 2t

After squaring both sides of the inequality (both sides being positive) and rearranging, we get

1-a)(1+a) 1-« 1+a)? 1-« 1-a)3? 1-«
16 T2 16 27 6 2t )

The price p’SNT is properly defined if (1](‘51)2 - 12%’( > 0. Hence, both the term on the left-hand side and the term under

the square root are positive. Squaring both sides of the inequality and rearranging results in

@?>0 o p°>plT
which is what we wanted to show.
Corner equilibrium when CPs is prioritized A corner equilibrium occurs when the prioritization of the stronger firm makes
it so attractive that even the farthest consumer, the one located at 1 prefers buying its product. In this situation, the quality

of the prioritized firm is «, whereas the quality of its competitor is 0. The strong firm can then extract all the surplus of
the farthest customer and thus charges pg =v+k — (1 —a). We must then show that

3-a [(1+a)? 1-«
C P _ _ _ _ _
ps<p & v+k—-1(l—0a)<v+1 r( 7 6 37

which after rearranging the terms rewrites as

1+a)2? 1-«x 3a-1 1-«
16 2t 4 Tt
Notice that the left-hand side is always positive while the right-hand side is always negative by the assumptions a < 2/7
and « < 1. Therefore p§ < p” always holds.

Corner equilibrium when CPyy, is prioritized A corner equilibrium occurs when the prioritization of the weak CP makes it
so attractive that even the farthest consumer, the one located at 0 prefers buying from it. In this situation, the quality of the
prioritized firm is x, whereas the quality of its competitor is 0. The weak firm can then extract all the surplus of the farthest
customer and thus charges pa/ = v+ k — 7. Notice that pa/ =V+K—-T< pg =v+k —1(1-a), and above we showed that
p§ < pP, therefore p§, < pP always holds.

Semi-corner equilibrium when CPs is prioritized A semi-corner equilibrium occurs when the non-prioritized (weaker) firm
provides 0 quality but still serves some consumers thanks to the large value of internet connection v. Such a situation arises
whenever the indifferent consumer is such that x > k, leading to the stronger firm providing quality «/x. The location of
the indifferent consumer x is given by

v+§—p—t(x—a):v+0—p—r(1—x),

which leads to two potential solutions:

1+a [(1+a? « s 14a 1+a)3? «
y 16 +Z and x3 = ) —+ 6 +?'

However, it is easy to see that the first one is negative, thus we can focus our attention to xgc, leading to the price of

3-a (1+a)? «
SC __ 2y _ S0y gy _ — _—
p=v-—t(1-x5=v ‘L'( 7 N 6 +2r>

therefore

o b (1 + a)? K (1+a)2_171< 1
bs <P < \/ 6 T 16 27T T
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Both sides of the inequality being positive, squaring them and rearranging leads to
o Fe? o« 11 JAd+a? o« [A+a? 1-k
- 16 2r 4t 212 T 6 2tV 16 27

This inequality is satisfied if either (i) the term on left-hand side is non-positive, i.e. L < 0; or (ii) the square of both
positive numbers also satisfy the inequality. (i) can be rewritten as

4t —a’t? - 2at?> 8-1*
L<0 & k=< + K,
8t 8t

whereas (ii) leads to

41 —a?1? - 2at®> 4
8t + 8t

For 7 < 2 we have «” < «’ thus (i) or (ii) is satisfied for any «, therefore p{® < p”.

For T > 2, it is easy to check that k* = 1%7;‘” > k'’ thus Assumption 4 guarantees that (ii) is always satisfied, leading
to p3¢ < pP.

Semi-corner equilibrium when CPy, is prioritized Finally, we investigate the equilibria leading to a situation where the
non-prioritized (stronger) firm provides 0 quality while still serving some consumers due to the large value of internet
connection v. Such a situation arises whenever the indifferent consumer (at position x) is located in the [0, 1 — k) interval.
In a semi-corner equilibrium the weaker firm provides quality «/(1 — x) to the 1 — x consumers closest to it.

We have to distinguish two cases depending on the location of the indifferent consumer. Firstly, if it is located to the
right of CPs, i.e. x € (a,1 — k), then x is given by

"

K > =K.

v+07p7t(xfa)=v+llcfxfp7t(l —X),
which leads to two potential solutions:
_3+a 1-a)3? « _3+a 1-a)3? «
X= - 16 +E and x; = 7 + 6 57

However, it is easy to show that x, > 1, thus we can focus our attention to x;. Notice that one of the conditions for x;
being a semi-corner equilibrium, x; < 1 — «, rewrites as

K_l—a (1—a)2+L
4 = 16 2T

Assumption 4 implies x > 1%“ thus both sides of the inequality are positive. Squaring and rearranging reveals that k¥ <
“57;‘” is a necessary condition for the existence of such an equilibrium, which is ruled out by Assumption 4.
Secondly, if the indifferent consumer is located to the left of CPs, i.e. x € (0, a], then its location is given by

K

v+0—p—-t(a—x)=v+ 1 _X—p—l’(l —X),

which leads to
X3 -1-—X5 _ and pP=v-LX_1ra-a.
w t(1-0a) w 1-a

Notice that one of the necessary conditions for the existence of such a semi-corner solution is xa,a <a & t(1-0)P?<
K, therefore T(1 —a)? < 1 is also necessary.

Next, notice that the price pj(> is decreasing in k whereas the price p is increasing in k. We will prove p3G® < pP by
showing that it is satisfied even at the lower bound of possible values of k. To see this, replacing x = k* into the prices we

have
sc3_ .p [(at + 1 —2)2 B 2
pw <p & T — +5a-7 +77:(1—a)+6>0'

We distinguish two cases. For (1 +a) < 2, the second inequality simplifies to (a —2)t + ZrJW +2 > 0. It is straight-
forward to show that the expression on the left-hand side is strictly increasing in a and strictly decreasing in 7. Therefore,
it is always larger than its value at a=0 and 7 = (1}—0)2 (from the existence condition), which equals 1/2, so the inequality
is always satisfied. Next, for 7(1 +a) > 2 the inequality p;i> < p’ rewrites as —3 (1 —a)T + m +1 > 0. Similarly to the
previous case, the expression on the left-hand side is strictly increasing in a and strictly decreasing in t, thus, it is always
larger than its value at a=0 and 7 = UJT)Z which is exactly 0.

This concludes the proof of Proposition 1. O
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B3. Proof of Proposition 2

The proof consists of two steps. As a first step, the next Lemma states that whenever the interior equilibrium with
priority to CPs exists, it dominates all the other equilibrium with priority given to CPs.

Lemma 5. For x > ”5% an interior equilibrium where the ISP gives priority to the strong content exists and it dominates all
other potential equilibria of the pricing subgames involving prioritization of the strong CP. The ISP’s profit is then given by

31-a) (1—-a)? -«

INT _ _
pst =v+l-1\ — 16 27

For notational simplicity in the main text, we use pg = p’SNT. The result follows from straightforward calculations showing

that under the condition of the Lemma, we have

pNT > p3€ and pIM > pS. Therefore the interior equilibrium is best equilibrium for the ISP whenever it gives priority to
CPs, as stated in the main text.

As a second step, notice that for sufficiently large values of p, irrespectively of the value of «, the profit of the ISP under
prioritization is p(x2 — xb,) + pf, whereas its profit under zero-rating is p(x"N — xZR) + pNN. All of the terms being positive,
by the Archimedean property of the real numbers, the former expression is larger for large p and prioritization is chosen if
and only if

xb—xf, > xNN _ x7R,

It is straightforward to check that the right-hand side is positive and independent of «, whereas left-hand side is de-
creasing in x, moreover, it goes to zero as k goes to one. By continuity, for values of « close to one, zero-rating is the
preferred option. Next we show that for x < «, the left-hand side is larger. Indeed, x2 > xNN always holds. Moreover, for
Kk < k1 Lemma 2 implies x, < x2R. Thus, for « = 4, there always exists p(x) > 0 such that prioritization is the equilibrium
choice of the ISP. Finally, by continuity there must exist a cut-off value k’ in the («1, 1) interval such that for all k < «’ the
ISP chooses prioritization, and it chooses zero-rating otherwise. O

B5. Proof of Proposition 4

For low levels of b, the market will still be fully covered and the maximization problem of the ISP is the following:
m%x 1+b)p+EF-1-b))¢p st. UK >0 and U(1-b)=>0.
p.

It is straightforward to derive X = W The first constraint then rewrites as:

~ K N K 1-a)r
U(x)30©v+m—p—¢—r(x—1—a)30©p+¢/25v+(1+b)— 5
Whereas the second constraint simplifies to:
K K

Clearly, as the profit is increasing in p, at least one of the two constraints must be binding at the optimal solution. We
distinguish three regions depending on the size of b.

For small b, in optimum we have U(%) = 0 and U(1 — b) > 0, which is a direct extension of the baseline model (i.e. for
b =0). In this region the ISP optimally zero-rates the weak CP, as before, with ¢* = % > 0 increasing in b. This solution
applies for b € [0, bg], with bg = % This cut-off value of b is the solution of U(1 — b) = 0 at the optimal prices.

For medium b, having both constraints binding is optimal: U(X) =0 and U(1 — b) =0 are jointly satisfied, leading to
the optimal additional fee of ¢* = (1 —3a — 2b)7, decreasing in b. Notice that this optimal additional fee charged to the
strong CP is positive first, but strictly decreasing in b, and turns negative at b = b; = (1 — 3a)/2. Therefore, in this region as
additional demand increases, the ISP first optimally zero-rates the weak (b < by), then the strong CP (b > bq).

For the ISP, there is a cut-off value b, above which it is no longer optimal to have a fully covered market i.e. for b > b,,
we will have U(1 -b) <0 and x > 1 —b. The value b, is found by replacing the binding constraint U(1 —b) = 0 by the
binding constraint U(x) = 0 in the above maximization program.26 The cut-off value b, is equal to b, = % and the
above solution applies for b € [bg, b;]. It is easy to check that by < b; < b, under the assumption that v > 1.

For large b, namely for b > b, the consumer located at 1 —b is not willing to buy. In this case the marginal con-
sumer of the weak CP x is defined by x=1—b, and the ISP optimally zero rates the strong content applying ¢* =
(1-3a-2by)Tt <0.

26 QOr alternatively by finding the profit maximizing value of b in the covered market case i.e. the market size that maximizes the ISP’s profit at optimal
prices.
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Finally, we show that when firms bid to be zero-rated, the ISP will always implement the optimal zero-rating program
described above. To show that, we need to show that when CPs compete to be zero-rated, the strong CP cannot overbid the
weak one when b < b; and, conversely that the weak cannot overbid the strong when b > b;.

As before, the alternative to the optimal zero-rating (¢*) corresponds to the neutral situation where ¢* = 0 and the price
p extracts all the surplus of the marginal consumer, which is either ¥ ¢ [1 + a, 2] or x.

When b < by, the price is given by the binding constraint U(X) = 0 and the market is fully covered under both NN and
ZR. Hence, as before the maximal bid of the two firms are equal and the ISP implements the optimal ZR program.

When b > by, the price under NN is set to extract all the surplus of the x consumer. It is easy to show that when
¢* = (1 —3a-2b)t <0, the indifferent consumer % is the same under ZR than under NN. Therefore, the weak CP will not
participate in the zero-rating auction and the ISP zero rates the strong CP. O

B4. Proof of Proposition 5

In an equilibrium with priority to the strong CP, we have:
52—

p=pi1-22-9T 3 f\/(Z—a)Zr—16(1—K)¢_M \/(2 a2t —16(1—k) > 0,

8

X§+ZR 811: (61’ +ar — ﬁ\/(Z —a)2t —16(1 — K)),

1+«
P+ZR __
T =vt —

ls((z VT2 -art—16(1-k) - T2~ ) (6+0)).

An interior equilibrium with priority to the strong CP exists when k > 1 — %.

In an equilibrium with priority to the weak CP, we have:

6-a)r
8

p=v+1- + f/(2+a)2r—16(1 k)= 7<—t(2—a)+ﬁ\/(2+a)21—16(1 —K)),

XEHZR 17: (T(2+a)+ﬁ\/(2+a)2r—16(1 —K)),

P+ZR T+x

T = v +11—6<(2+a)ﬁ\/(2+a)21:—16(1—K)—r(2—a)(6+a)).

An interior equilibrium with priority to the weak CP exists when k¥ > 1 — %, a softer condition than for the existence
of the equilibrium with priority to the strong CP.

It is straightforward to show that /R > ns” +ZR ‘When the weak CP has priority, it is also zero-rated if ¢ > 0, which
is equivalent to: ¥ > 1 — %£. This cut-off value is larger than the existence condition. Therefore, there is an non-empty
(2+a) r’ 1
PioR

parameter space k € [1 —
Finally, we show that

— %] where the strong CP is zero-rated, corresponding to ¢ < 0.
< 2R, After simplifications, this inequality is equivalent to

T2+0)?-8(1-k) > 2+a)vT/(2+a)?T - 16(1 — k).

Squaring both sides and simplifying, by Assumption 4 we have 7R < 72RO
Supplementary material

Supplementary material associated with this article can be found, in the online version, at 10.1016/j.ijindorg.2020.102662.
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