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Abstract

We propose a two-sided model with two competing Internet platforms, and a continuum
of heterogeneous Content Providers (CPs). We study the effect of a net neutrality regulation
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content. Under the alternative discriminatory regime, platforms charge a priority fee to those
CPs which are willing to deliver their content on a fast lane. We find that, under discrimination,
investments in broadband capacity and content innovation are both higher than in the net
neutrality regime. Total welfare increases, though the discriminatory regime is not always
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possibility of sabotage, and show that it can only emerge, with adverse welfare effects, under
discrimination.

Keywords: Net neutrality; Two-sided markets; Platform competition; Investment; Innova-

tion.

JEL Codes: L13; L51; L52; L96.

*We thank Bruno Jullien, Michal Grajek, Jan Kridmer, and seminar participants in Munich, Oporto and Paris. We
acknowledge funding from the Orange “Innovation and Regulation” Chair at Telecom ParisTech/Ecole Polytechnique.

tTelecom ParisTech, Department of FEconomics and Social Sciences, and CREST-LEL. Email:
marc.bourreau@telecom-paristech.fr

#Telecom ParisTech, Department of Economics and Social Sciences. Email: kourandi@aueb.gr

$Imperial College London, Telecom ParisTech and CEPR. Email: t.valletti@imperial.ac.uk



1 Introduction

Should we continue to treat all types of Internet traffic equally, that is, with no discrimination with
respect to the type of content, service or application and the identity of the data transmitter, or
should we instead allow Internet platforms (Internet Service Providers, ISPs) to discriminate the
traffic they carry? This question over the “net neutrality” has generated hot debates since the
Federal Communications Commission (FCC) changed the classification of Internet transmissions
from the category of “telecommunications services” to the category of “information services” in the
US in 2005, making ISPs no longer explicitly subject to the principle of net neutrality.

This debate has been exacerbated by the fact that, over the last few years, the volume of
Internet traffic has grown up drastically, requiring ISPs to upgrade their network capacity. In
2005, AT&T, later followed by other major telephone and cable operators, proposed to charge
content providers (CPs) premium prices for preferential access to broadband transmission services.
Comcast, the largest cable operator in the US, was also accused of interfering with users’ access
to file-sharing services such as BitTorrent. There have been other cases reported in the popular
press of ISPs blocking or degrading the quality of content. ISPs argue that these practices are
necessary to manage Internet traffic efficiently and ensure a sufficient quality of service, especially
for content, services and applications that are very sensitive to delays, such as VoIP services or video
conferencing. However, even if this view seems now widely accepted, which traffic management
techniques will be allowed is still discussed. In particular, policymakers argue that it is crucial to
prevent ISPs from adopting discriminatory practices for reasons unrelated to traffic management.!

The net neutrality issue turns out to be very contested among policymakers and industry players.
ISPs argue that net neutrality regulation reduces their incentives to invest in broadband capacity,
and that it leads to less entry of CPs. On the other hand, CPs contend that Internet has been
neutral since its inception, and that it should be kept free and open to everyone. They further
argue that the CPs that will not be able to pay for priority would be worse off, compared to the
net neutrality regime, and that ISPs will continue to invest in broadband capacities whatever the

traffic regime, since this is the only way to keep their demand high. Finally, end users are concerned

'On September 23rd, 2011, the FCC released a rule on “Preserving the Open Internet” where it adopts three
basic protections: transparency, no blocking, and no unreasonable discrimination. The European Commission also
launched a public consultation on “The open Internet and net neutrality in Europe” in 2010 to collect the opinions
of the various parties involved in the Internet market, and clarify the issue of net neutrality. Some countries have
adopted non-binding guidelines on net neutrality, such as Norway and Canada, while Chile was the first country to
address directly the principle of net neutrality in its legislation (the Netherlands is the second).



about the subscription fees that they pay to ISPs, the variety of Internet content, and the quality
of their Internet connection. The aim of this paper is to propose a formal analysis of the impact of
a transition from the net neutrality regime to a discriminatory regime, in a model with competing
ISPs and a continuum of heterogeneous CPs.

We build a two-sided model where two horizontally differentiated Internet platforms compete
to bring together the two sides of the Internet, the CPs and the end users. We then compare
the pricing, investment and innovation incentives under the net neutrality and the discriminatory
regimes. Innovation in services takes place when CPs enter the market and offer advertising-
supported content to end users. CPs are heterogeneous with respect to their congestion sensitivity
and may single-home, multi-home, or stay out of the market. For the most congestion-sensitive CPs
(e.g., those who offer streaming or VoIP applications) delays in data transmissions are harmful,
since such delays deteriorate the end users’ experience. By contrast, the less congestion-sensitive
CPs (e.g., those who supply email account services) are hardly affected by congestion. Under net
neutrality, CPs that are connected to the same ISP are treated equally, and experience the same
level of congestion. Under discrimination, by contrast, ISPs offer two differentiated traffic lanes to
CPs, a priority (fast) lane and a non-priority (slow) lane. CPs have to pay a priority fee to their
ISP to access the fast lane, while the slow lane remains free-of-charge. Finally, end users — who
value the variety of content, but dislike network congestion — choose one ISP to subscribe to.

Our main result is that a switch from the net neutrality regime to the discriminatory regime
would be beneficial in terms of investments, innovation and total welfare. First, when ISPs offer
differentiated traffic lanes, investment in broadband capacity increases. This is because the dis-
criminatory regime allows ISPs to extract additional revenues from CPs through the priority fees.
Second, innovation in services also increases; some highly congestion-sensitive CPs that were left
out of the market under net neutrality enter when a priority lane is proposed. Overall, discrimina-
tion always increases total welfare. However, the impact of a switch to the discriminatory regime
on each type of agent (ISPs, CPs, end users) is generally ambiguous. In particular, we find that a
departure from the net neutrality regime is not always beneficial for the ISPs. Nevertheless, each
ISP has a unilateral incentive to adopt the discriminatory regime, even though the two ISPs’ profits
might be reduced if they both switch to discrimination. In other words, ISPs might be trapped in
a prisoners’ dilemma, if traffic prioritization is allowed.

We extend our baseline model to account for the possibility that ISPs engage in quality degra-

dation or “sabotage” of CPs’ traffic. We find that sabotage never arises endogenously under net



neutrality. In contrast, under the discriminatory regime, ISPs may have an incentive to sabotage
the non-priority best-effort lane to make the priority lane more valuable, and hence, to extract
higher revenues from the CPs that opt for priority. Any level of sabotage is detrimental for total
welfare, and therefore, a switch to the discriminatory regime would still require some regulation of
traffic quality. Finally, our qualitative results are robust when we account for the existence of small
and large CPs. However, a departure from the net neutrality regime is likely to hurt the small CPs
more than the large ones.

Related literature. While the possibility of a departure from net neutrality has generated
rich policy debates, few academic papers have addressed this issue. Choi and Kim (2010) and
Cheng et al. (2011) study models with a monopolistic ISP and two CPs who can access a fast lane
by paying a priority fee and the ISP invests in capacity. Krimer and Wiewiorra (2012) extend this
framework by considering a continuum of heterogeneous congestion-sensitive CPs.?

These contributions concern models of monopoly. Therefore they do not deal with the dynamic
aspects of investment and content innovation when competition exists among ISPs, which is a
relevant issue in the policy arena. In particular, it has been argued that spurring competition
between ISPs can solve net neutrality problem, making a discriminatory regime less threatening to
the extent that ISPs race against each other.® In our work we account both for investments and
for ISPs’ competition.

The competition aspect has been particularly overlooked, as in the extant literature it is always
beneficial for the monopoly ISP to depart from the net neutrality regime, since it can extract part
of the CPs’ revenues by charging them for priority and still serve all end users. By contrast, when
there is competition at the ISP level, it is less clear that a switch to the discriminatory regime
would benefit ISPs, since they have to compete for the end users. Moreover, in a monopolistic
framework, total welfare mechanically increases with a departure from net neutrality if the ISP can
fully extract consumer surplus. An important question is therefore whether this is still true when
there is competition between Internet platforms.

Very few papers have considered the question of net neutrality in a model with competing

ISPs. Economides and Téag (2012) propose such a model but in a static framework, which ignores

?Other monopoly models of net neutrality with investments exist, e.g., Economides and Hermalin (2012) and
Reggiani and Valletti (2011). See Schuett (2010) for a review of recent literature.

See, e.g., Becker et al. (2010). The European Commission stated that “the significance of the types of problems
arising in the net-neutrality debate is correlated to the degree of competition existing in the market.” (European
Commission, 19.4.2011, Communication from the Commission to the European Parliament).



the congestion problem and the investment decisions of the ISPs. Njoroge et al. (2010) study a
model with two competing ISPs which can invest in quality, however, they do not consider traffic
prioritization, which is at the core of the net neutrality debate. Choi et al. (2011) analyze a static
model with competing and interconnected ISPs and a fixed continuum of heterogeneous CPs. They
do not address investments, and focus on the termination fees charged by the ISPs to the CPs
and on the interconnection fees charged between ISPs. By contrast, we focus on the impact of the
traffic regime (net neutrality vs. discrimination) on investment and innovation incentives.

Our paper is related to the literature on two-sided markets,* and more specifically to the liter-
ature that analyzes investment and innovation strategies in two-sided markets (Farhi and Hagiu,
2008). In particular, Belleflamme and Peitz (2010) study the impact of a monopoly platform’s
intermediation mode (for-profit versus free access) on sellers’ investment, in a model where sell-
ers’ investment increases the buyers’ utility of joining the platform. They show that for-profit
intermediation may lead to overinvestment.

Finally, our paper is also linked to the literature that analyzes the welfare effects of price
discrimination in oligopoly markets. In line with that literature (e.g., Corts, 1998; Armstrong,
2008), in our model discrimination can make competition between Internet platforms either softer
or tougher. Hermalin and Katz (2007) propose a model where firms subject to a product line
restriction should produce a single quality (which is tantamount to a net neutrality regulation),
whereas in the absence of regulation they can produce more than a single quality. In a similar
framework, Alexandrov and Deb (2011) examine the investment incentives and the pricing decisions
of the firms when they are allowed (or not) to price discriminate. Price discrimination increases
investments in their one-sided model, as it does in our two-sided setting.

The remainder of the paper is as follows. Section 2 sets up the model. Section 3 derives the
equilibrium under net neutrality. The equilibrium under discrimination is studied in Section 4.
Section 5 compares the two regimes. In Section 6, the model is extended to allow for the possibility

of sabotage. Section 7 discusses the case of small and large CPs. Section 8 concludes.

2 The Model

Two horizontally differentiated Internet service providers (ISPs), denoted as A and B, bring to-

gether two sides of the Internet, respectively content providers (CPs) and end users. CPs provide

*See, for example, Rochet and Tirole (2006) and Armstrong (2006).



free content to end users via the broadband networks of the ISPs and derive revenues from ad-
vertising, while ISPs sell broadband access to end users. The CPs are global, thus, they are not
provided Internet access by ISP A or ISP B.?

Under net neutrality, ISPs do not charge CPs for access to their broadband network. However,
due to capacity constraints, networks can suffer from congestion, which both CPs and end users
dislike. We therefore study the effect of an alternative to the net neutrality regime, the discrim-
inatory regime.” Under the discriminatory regime, each ISP offers two differentiated traffic lanes
to CPs, the priority (fast) and non-priority (slow) lanes. ISPs charge CPs to access their priority

lane, whereas they offer free access to the non-priority lane.

2.1 Content providers

There is a continuum of congestion-sensitive CPs that derive revenues from advertising. Each CP
is characterized by its congestion sensitivity h, where h is distributed over [0, c0), with density 1.
Each CP may connect to no ISP, to a single ISP or to both ISPs; that is, we allow CPs to single-
home or to multi-home. If it connects to ISP ¢, a CP has access only to the end users connected to
that ISP.

CPs receive advertising revenues as follows. When a CP of type h connects to ISP 1, it receives
Az; visits, where x; is the number of end users subscribing to ISP ¢ and A is the constant number
of visits per user, which is the same for all web sites.® Visitors of CP h click on ads with a click-
through rate of (1 — hw;), where w; denotes the congestion on ISP #’s network. The click-through
rate represents the proportion of the CP’s visitors who actually click on ads. Finally, clicks generate
advertising revenues of aAz; (1 — hw;) for CP h, where a denotes the per-click advertising revenue.

With this formulation, a CP with a high congestion sensitivity (e.g., a CP which offers live
streaming) suffers a lot from network congestion, because its click-through rate is sharply reduced.
In contrast, a CP with a very low congestion sensitivity (e.g., a CP that provides email accounts)

is hardly affected by congestion.

SWe focus on the “last-mile” market for Internet access, taking as given a competitive backbone that connects
global CPs to residential-access ISPs. The debate on net neutrality centers around traffic management at the last-mile
level, thus, we take the peering agreements between the networks at the backbone as given.

%Tn other words, we do not introduce termination fees charged by the ISPs to the CPs when they provide access
to the end users.

"Note that we first consider each regime separately. In Section 5 we will however discuss an ISP’s incentive to
switch unilaterally to the discriminatory regime.

8The same assumption is made, for example, by Krimer and Wiewiorra (2012) and Choi et al. (2011).



Under net neutrality (N), no payment is due to the ISPs, the profit of CP h is therefore

a)\:rﬁ (1 — hw%) + a)\xg (1 — hwg) if it connects to both ISPs
Iy = arz (1 — hwl) if it connects only to ISP 4

7

0 otherwise.

Under net neutrality, all the CPs that are active at ISP ¢ are treated equally and face the same
average level of congestion wZN . In contrast, under the discriminatory regime, a CP may choose to
pay a fixed fee f; to ISP ¢ to benefit from a priority lane where congestion is lower. The profit of

CP h under discrimination (D) is then given by

arz® (1 — hwk) — fa + arzB(1 — hwk) — f5 priority at both ISPs
arzP (1 — hw?) — fi + a)\mjp(l - hwj-vp) priority only at ISP ¢
P adz® (1 — hwl}?) + adzB (1 — hwiT) if non-priority at both ISPs
h p—
azP (1 — hw?) - f; priority at ISP 4, no entry at ISP j
arzP (1 — hwl¥P) non-priority at ISP ¢, no entry at ISP j
0 otherwise,

where w! and wMNf denote the congestion at ISP i under priority (P) and non-priority (NP),

respectively, with waP < wZN , as we further detail below.
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Figure 1: Demand of CPs for ISP i

Note that the CPs with a high congestion sensitivity do not enter the market. We denote by

N

—D . D . . .
; and h, the marginal CP which is indifferent between connecting to ISP ¢ and not connecting



to it, in the net neutrality and discriminatory regimes, respectively (see an example in Figure 1).
Under discrimination, the CPs that enter the market choose either to buy access to the priority
lane or to use the non-priority lane for free. We denote by EZ the CP which is indifferent between

the priority lane and the non-priority lane at ISP .

2.2 Internet Service Providers

The two ISPs are located at the extremities of a linear city of length one, with ISP A located
at point 0 and ISP B located at point 1. Each ISP 4 charges a subscription fee p; to the end
users connected to its network, and invests in broadband capacity p;. The investment cost C'(u;)
is increasing and convex in y; (i.e., we have C’/ > 0 and C” > 0).
Under net neutrality, the profit function of ISP 1 is
Y =pal = CuY).

Under discrimination, ISP 4 also charges a fixed fee f; to the CPs that opt for the priority lane,
and makes profit

—D ~
P = pPal + (b — ki) fi — C(ul),

where EZD — h; is the total number of CPs that buy priority at ISP ¢, in the discriminatory regime.

2.3 Congestion

Due to capacity constraints, traffic from the content providers to the end users might suffer from
congestion. Congestion is measured by the waiting time for end users when they request content
from CPs. As it is standard in the literature, we adopt the M/M/1 queuing model to determine the
average level of congestion as a function of network capacity and traffic. Under the net neutrality

regime, the average level of congestion for ISP ¢ is

pN — RNz

(2 7

9 Apart from the standard brand differentiation interpretation, horizontal product differentiation may reflect the
different types of services offered by the ISPs. For example, one ISP might target “techie” consumers with high
computer skills, and offer them flexibility in tuning their Internet connection (e.g., for setting the latency of their
broadband connection), while the other ISP might target “non-techie” users with low computer skills, and offer them
a broadband service already embedded with the average desirable characteristics of a broadband connection.



Note that the level of congestion wZN decreases with the level of capacity ufv , while it increases
with the number of visits per user A, the total number of end users of the ISP acfv , and the total
number of CPs EZ]-V that connect to ISP i. We refer to EZ]»V)\:BZN as the total traffic of ISP .

Under discrimination, each ISP sorts CPs into two traffic lanes, the priority lane and the non-

priority lane. The congestion for the priority lane (P) operated by ISP i is given by

1
s (77 =) el @

7

whereas the congestion for the non-priority lane (NP) is given by

NP pt P
fi = hy Az

Note that the average congestion under discrimination, wiD , satisfies

1
D P NP
w;” =biw; + (1 =bw;'" = ———p5——, (4)
pp — hi Az
where b; = 1 —Ei /ED is the share of CPs that buy priority from ISP i. If capacities and total traffic
volumes are the same under net neutrality and discrimination, the average level of congestion is

N D

also the same under both regimes (i.e., we have w;' = w;’ ), which is a well-known property of the

M/M/1 queuing model.

2.4 End users

There is a unit mass of users uniformly distributed along the unit interval. Each end user subscribes
to only one ISP (i.e., single-homes). Under net neutrality, a user located at z; on the unit interval

and who subscribes to ISP A, obtains utility

—N d
Uj = R+ vhy +—x —p%—t:rj,
Wy
where R is a fixed utility obtained from Internet access, v represents the consumers’ preference for
product variety supplied by CPs, d is a parameter which measures the preference for the speed of the

connection (as wa is congestion in seconds, 1/ wa represents the speed of the Internet connection),

and finally, ¢ is the standard Hotelling unit transportation cost.



Similarly, under discrimination, the end user located at x; obtains utility

- d
Uj:R+vh§+—Dfp£—txj, (5)
Wa

if she subscribes to ISP A. Similar expressions are obtained if the end user subscribes to ISP B.
We assume that R is sufficiently high so that the market is covered in equilibrium in both

regimes. Although it will not be invoked until we extend the model to account for possible sabotage,

we already further assume that end users value content sufficiently compared to the disutility they

suffer from congestion. In particular, in a symmetric equilibrium, it must be that
v > dA/2. (6)

To see why, replace w4 from (4) into (5) in the discriminatory regime.!? The end user’s utility can
be rewritten as

Uj:R—i-(v—d)\xlp)ﬁg—i-d,ulp—pﬁ)—txj.

For consumers to value the presence of CPs, the bracket has to be positive. Thus, v — d)\:cZD > 0,

which we assume to hold in a symmetric equilibrium with xzp =1/2.

3 Net Neutrality

In the net neutrality regime, there is a unique lane for Internet transmissions and CPs pay no fee

to the ISPs. We study the following two-stage game:

1. The two ISPs choose their capacities, ui\{ and ug , and set the subscription fees to the end

users, p% and pg .

2. The CPs choose which ISP(s) to connect to (if any), and the end users choose which ISP to

subscribe to.

We proceed backwards to solve for the symmetric subgame perfect equilibrium.

10The same reasoning applies in the net neutrality regime and gives the same condition.

10



3.1 Stage 2: Content providers’ and end users’ decisions

At the second stage, each CP decides whether to multi-home, to single home, or to stay out of the
market. A CP with congestion sensitivity h connects to ISP ¢ if and only if (1 — hw} ) > 0, that

- N
is, if h < h; , where

— 1
hivzwﬁori:A,B. (7)
Replacing for wZN , as given by (1), into (7) and solving for EJ-V , we find that the type of the marginal
CP is
N
h. :71' . 8
Yol AN (8)

A higher number of subscribers implies more congestion on ISP 4’s network, and hence, less entry
of CPs on that ISP.

Simultaneously, at stage 2, each consumer chooses whether to subscribe to ISP A or ISP B.
The indifferent consumer z%V is given by

_ d - — d ~
R—i—vhﬁ—i——N—pg—th:R—i-vhg—i-—N—pg—t(l—a:N). (9)
Wa Wp

Replacing for Eﬁ and Eg into (9), we find that the indifferent consumer is defined implicitly from

N N
F(N N N N Ny — (g Hp _ MA~ 1 =23y — (N N — 1
(.CL' ,pAapBa.uJA’/‘LB) ( +U) 1—|—)\(1—{L'N) 14+ \zN ( € ) (pB pA) 0, ( O)

and, therefore, we have 7V = 5N(p%,pg, ,u%, ,ug). The number of end users of ISP A and ISP B

are then 27 = 7V and 2%y =1 — ZV respectively.

3.2 Stage 1: ISPs’ decisions

At the first stage of the game, the two ISPs compete by choosing an investment in capacity, and by

setting a subscription fee to the end users. The maximization problem of ISP i can be expressed

as follows
s 1Y = ¥l — 0 ().
pi ) H‘Z
where :L‘fv = :L‘fv (p% , pg, ,u% , ug ) The two first-order conditions are

8H£V N Nafo

11



and

8va 8:1:?7
8,LLN :pgvauzv - (/Liv) = 0. (12)

We obtain the following result.!!

Proposition 1 Under net neutrality, in the symmetric equilibrium, the capacity level, the sub-

scription fee, the number of content providers and the average level of congestion are given by:

d+v
N \—1
= e (1),

AN (d
PN o= g O (‘ZU)’
A+2)
_ 20N
Ro= 2
A+ 2
A+ 2
N _
w = N

N

Proof. Since we do not have an explicit solution for market shares z;', we apply the Implicit

Function Theorem to equation (10) in order to determine the derivatives 9z /0p and 9z Jouly,

which are then used in the FOCs of Stage 1. Define

F N N
KNE%:ZE-F(OZ-I-U))\ Pe M4 s
0z (1+2z8)” (14 A2d)

We obtain

Bw%__(?F/@pg__ 1 <0 d@xf}(_ OF/ouly d+v
opY ~ oFjozN ~ KN~ M

il o > 0.
oul  OF/0ZN (14 Azl) KN

Similarly,
ory 1 ozl d+v
—~=7>~>0 and = — < 0.
op) KV ouy (1 aaf) K

By replacing for these derivatives in the first-order conditions (11) and (12), and by imposing sym-
metry, we obtain the symmetric equilibrium levels of investment in capacity and the subscription
fees, as reported in the Proposition. We assume that the investment cost function C () is suffi-
ciently convex so that the candidate equilibrium corresponds to a maximum of the profit function.

See the Appendix for the condition on C”(:). m

1U'With some abuse of notation, in the symmetric equilibrium, we drop the subscripts i = A, B for the two ISPs. For
example, we denote by u~ the equilibrium level of investment of each ISP. Furthermore, for expositional simplicity,
we do not put asterisks to denote the equilibrium values.

12



In the symmetric equilibrium, the two ISPs share the market equally (i.e., we have CL‘]X = :pg =

1/2). After replacing for the equilibrium values into the profit functions of the ISPs and of the
CPs, we obtain the equilibrium profits for each ISP and for each CP,

t 22N (d+v) N
m=-4+== 2 _C
2+ ()\+2)2 (),

a\ (1 _ hgijv?)) it h<h"

) =
0 it h>h"
The total profits of CPs are equal to
R N
A
EH;X:/ N dh = 228
0 A+2

Finally, we determine the consumers’ surplus and the total welfare in the net neutrality regime.

The net utility of end user j located at z; <1/2 is

2uN (2 = \) (d +v)
(A+2)?

U¥ =R+ —t(1+x).

By summing up the net surplus of all end users, we obtain the consumers’ surplus,

1
CSN:2/2UNdx-:R_5t+2“N(2_>‘)(d+U)‘
0 J J 4 ()\_1_2)2

The total welfare W is defined as the simple sum of ISPs’ profits, CPs’ profits and consumers’

surplus. We find that

E—I— (aX +2(d+v)) N
4 A+2

wh =onN 431y + cSN =R~ —2C (™). (13)

3.3 Equilibrium properties

Under net neutrality, the equilibrium subscription fee is higher than the fee that would prevail in
a standard Hotelling setting (i.e., p = t). This is due to the presence of network externalities in
our setting. An increase in ISP 4’s subscription fee decreases directly its demand, but it also leads
to a reduction in the congestion on its network and, thus, to an increase of the number of CPs,

which in turn affects positively the demand from end users who benefit from more content. Overall,

13



the total effect of a price increase on ISP i’s demand is negative, but it is less negative than in a
one-sided market, which induces ISPs to set a higher price than in a standard Hotelling model.'?

The equilibrium converges to a standard Hotelling game in the limiting cases when either there
is no traffic (A — 0), or investment in capacity goes to zero (4’ — 0). In particular, when ™ — 0,
the equilibrium subscription fee and the ISPs’ equilibrium profits converge to those of the Hotelling
model (i.e., p¥ — t and IIN — t/2), whereas the equilibrium congestion goes to infinity (i.e.,
w? — o0) and the number of CPs goes to zero (i.e., R 0). However, this degenerate case never
arises as the capacity is always positive (MN > 0), otherwise, there would be no market for Internet
access.

Finally, we provide some intuitive comparative statics. We find that when the number of clicks
per user A increases, the investments in capacity and the number of active CPs decrease, whereas
congestion increases. The effect of an increase in A on the subscription fee and the ISP’s profit is
generally ambiguous and depends on the value of A. When X is low enough, congestion is not so
important, and hence, an increase in A increases the subscription fees and the ISPs’ profits because
of the competition-dampening effect from the network externality that we described above. In
contrast, when A is high enough, congestion becomes substantial: the prevailing effect comes from
a reduction of content, so that prices and ISPs’ profits decrease with further increases in A.

An increase in the preference for speed d and an increase in the preference for product variety
v lead to higher investments in capacity, higher subscription fees, higher entry by the CPs, and to
lower congestion. The CPs’ profits and the total welfare increase too. Finally, an increase in the

per-click advertising revenue a only enters the CPs’ profits, which are affected positively as well as

the total welfare.

4 Discrimination

In the discriminatory regime, each ISP offers a priority lane and a non-priority lane to CPs, and the

CPs that opt for priority at ISP ¢ pay a fixed fee f;. We modify our two-stage game accordingly:

1. The two ISPs choose their capacities, ug and ,ug, set their subscription fees to the end users,

pg and pg, as well as the fees for their priority lanes, f4 and fp.

2Formally, under net neutrality, we have OI1Y /9pY =z +pN ozl /opl | with oz /opY > ozl JopH = —1/(2t),
where 8zf{/8pf{ is the effect of a price increase on demand in the standard Hotelling model.

14



2. The CPs choose which ISP(s) to connect to (if any) and whether to pay for priority, and the

end users choose which ISP to subscribe to.

4.1 Stage 2: Content providers’ and end users’ decisions

At the second stage, each CP decides whether to multi-home, to single-home or to stay out of
the market and, if it enters the market, whether to pay for priority. The CPs which are the most
congestion-sensitive opt for the priority lane. A CP of type h connects to the priority lane at ISP
1if h < EZD , where EL-D solves

are?(1—h wh) = fi = 0. (14)
Furthermore, the CP of type El which is indifferent between the priority lane and the non-priority
lane at ISP 4 is defined by

axzP (1 — haw!) — f; = adzP (1 — hyw]"). (15)

From (14) and (15), the total number of CPs that pay for priority at ISP i is max{EiD — hi, 0}
Equation (15) implies that

fi = azPh; (WM —wl),

and replacing for this expression into (14), we obtain
7P 3\ wP 4+ BwNP) =

By dividing the latter expression by EZD and recalling the definition of wiD from (4), we find that

the type of the marginal CP that enters at ISP i is

—D 1
hi — wiiD,
which can be rearranged to get
D P
h =-——. 16
‘ 1+ AzP (16)

. =D . . .. . ..
The marginal type h; is independent of the priority fee and takes an expression similar to the total
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number of CPs at ISP 4 in the net neutrality regime (which is given by (8)). In addition, we have

D
7 wi fi Ji —D
h; = L = h. . 1
3D (14 2aD) (aaD — ) ~ el (anal — 1) a7)

Simultaneously, at stage 2, each consumer chooses whether to subscribe to ISP A or ISP B.

The indifferent consumer z7 is given by

— d - — d -
R+vhg+—D—p£—th:R+vh[3)+—Dfpg—t(1—xD). (18)
Wa Wp

By replacing for Eg and Eg into (18), the indifferent consumer satisfies

D D
(d+”)<1+A€L13—5D) - 1ﬁ§5D> (1= 287) — (pig —p) =0, (19)

and, therefore, we have 70 = ED(pQ,pg,,uff, Mg). The number of users of ISP A and ISP B are
then 28} = zP and 8 = 1 — 7. Note that equation (19) for the discriminatory regime is similar

to equation (10) for the net neutrality regime, and that z” is independent of the priority fees.

4.2 Stage 1: ISPs’ decisions

At the first stage, the two ISPs choose simultaneously their capacities, subscription fees and priority

fees. The maximization problem of ISP ¢ can be expressed as follows

—D ~
e T = pPal 4 (B =) fi= € (uf)

where xZD = xlp (pg , pg , ug, ug ). The corresponding first-order conditions are

o1 O((hi — i) ;)\ OxP
onP b O —h)f)\ 0P oy O — hai)fi)
o= | i Lo (pPy + B 2N 21
7D ~
oy o((hy —ha)fi) _ 0 (22)
dfi ofi

We obtain the following result.

Proposition 2 Under discrimination, in the symmetric equilibrium, the capacity level, the priority
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fee, the subscription fee, the number of CPs and the levels of congestion are given by:

b (d+v  a(V2VA+ —2)2
’ (@) 1()\+2+ 2(A+2) )

;o= 2= V2

o2 At2)’
D t+4)\uD(d+v)_2)\auD(\/§\/m_2)
- (A +2)* (A +2)?

7

7D 21 7 V2VA+2 -2 7D
oA+ A ’

b V2V/AE2 wNp_\/i(AJrQ)% D _ A2
N 2ub N 4uP oub

Proof. We proceed as in the net neutrality regime, by applying the Implicit Function Theorem to
(19) in order to determine the derivatives 9z /OpP and 0zP /0uP. We find that

ozl _i< 8:1:Al?_i> ozl d+v - (91:2__ d+v <0

opy KD TTophl KPT U ol (14 xaB)KDPT U opl T (1+A(1-af))KP T
D D D D

974 _ 9TA_ ) where KP=(d+v) M MEA ) s,

dfa ofp (T+A(1=28))" (1+2B)

By replacing for these derivatives in the three first-order conditions, and by imposing symmetry,
we obtain the symmetric equilibrium levels of investment in capacity, the subscription fees and
the priority fees, as reported in the Proposition. Provided that the investment cost function is
sufficiently convex, the candidate equilibrium corresponds to a maximum of the profit function.
See the Appendix for details. m

In the symmetric equilibrium, the market is equally shared between the two ISPs (i.e., we have
xf = 2P = 1/2). The equilibrium profits for an ISP and a CP are
b () P (A2 VEVAFD) - A (V2VAF2-2))

D_ ~
=3 (A +2)? (A+2)

- C(,UJD)a
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and ,
H,lepzaA(1—h\%§)2> it h<h

b = P _ /2a) A+2 s 7D
M =224 (1-h32)  if h<h<h
0 if  h>h"

respectively. The total profits of the CPs are

/hD TPl — 2ap” (V2VA 42 - 2)
h - .

ﬁD
YIP = aNrdn
/0 h + D A+2

Finally, the utility of end user j located at z; < 1/2 is

UD:R+2“D ((d+v)(2—A)+aA2(ﬁ\/>\+ —2))
! (A+2)

—t(1+xj),

which is used to determine consumers’ surplus and total welfare,

CSD:2/§U]Ddxj:R_54t+2,uD ((d—i—v)(?—();?:;;(\/im_@)
0

)

and

wP = onP4+xnP+cs?

_ gt 2 ta(At2- VEVATY))uP

1 o —2C (bP). (23)

4.3 Equilibrium properties

The comparison between the equilibrium subscription fee under discrimination and the fee in the
standard Hotelling model (i.e., t) depends on the values of the parameters. When a is low enough
(i.e., lower than 2 (d 4+ v) / (V2v/A + 2—2)), the equilibrium fee for end users in the discriminatory
regime is higher than the Hotelling equilibrium price (i.e., piD > t). The intuition is as follows.
To begin with, if there were no fee for the priority lane, we already know from the analysis under
net neutrality that an increase in the subscription fee pZD of ISP i would decrease its own demand,
but since this effect is less severe than in the Hotelling model, this pushes plD up. Besides, under
discrimination, there is an additional effect: revenues from the priority lane are partly passed on
to end users, which tend to push the price down. Since more revenues are made from priority fees

when CPs earn high advertising revenues, that is, when a is high enough, the second effect can
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prevail over the former.

Finally, we present some comparative statics. We find that when the number of clicks per user
A increases, the priority fee increases, since the priority lane is valued more as more advertising
revenues are made. However, the effect of an increase in A on all the other equilibrium values
is ambiguous and depends on the effect of A on investment in capacity (i.e., on duP/0N). This
latter effect is not always negative, as it is the case under net neutrality, since in the discriminatory
regime, the ISPs may now have an incentive to increase their capacity when A becomes higher to
obtain higher revenues from the CPs that are willing to pay for priority.

An increase in the preference for speed d and an increase in the preference for variety v both
affect positively investment in capacity, the total number of CPs, CPs’ profits and total welfare.
Moreover, congestion decreases with d and v. In contrast to the net neutrality regime, an increase
in the per-click advertising revenue a affects positively capacity investment, the number of CPs
and the pricing decisions of the firms. This is because, under discrimination, ISPs can extract part
of the CPs’ profits through the priority fees. When « increases, the ISPs charge higher priority
fees and increase their investment in broadband capacity. Congestion is reduced and entry of CPs
is fostered. Therefore, total welfare increases with a. The comparison between the net neutrality

regime and the discriminatory regime is examined in more detail in the next section.

5 Net Neutrality vs. Discrimination

We now turn to the main question of this paper. We compare the two alternative regimes, net
neutrality and discrimination, to investigate the economic effects of a departure from net neutrality.
First, we compare investment and innovation incentives in the two regimes. Second, we compare

congestion, subscription fees and profits. Finally, we compare end users’ utility and total welfare.

5.1 Effect on investment and innovation

In this subsection, we compare the investment in capacity and the number of CPs that enter the
market, that is, innovation in Internet services, under the net neutrality and the discriminatory

regimes. Using Proposition 1 and Proposition 2, we have the following result.

Proposition 3 Investment in broadband capacity and innovation in services are higher under the

L . . ‘ , =D _ =N
discriminatory regime than under the net neutrality regime, that is, p” > p™ and b~ > h" .
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Proof. The proof is straightforward. Since C” > 0, (C’)~! is an increasing function, and therefore,
from Propositions 1 and 2, we have u? > uV, as A\ +4 > 2v/2v/A +2 for all A > 0. This, in turn,
implies that I > PNom

An increase in ISP i’s capacity increases its demand and its investment cost under both regimes,
but in the discriminatory regime it also affects positively the revenues that ISP ¢ can extract from the
CPs that opt for priority. Therefore, under discrimination, ISPs have larger investment incentives.

Under net neutrality, ISP 4’s incentive to invest in capacity is given by the change in its profits
due to a marginal increase of the capacity level, that is,

oy  yozY
=D

oy =P g~ ), (24)

where 9z /O > 0 and C’ > 0. In the discriminatory regime, we have

0 ﬁiD—Ei 0 EZ’D—%i A
6 o B,

7

o  ,0zP
opp " oup

—C’(,U,ZD)—&-

where 0xP /OuP > 0. For given levels of subscription fees and capacities, the terms p (9z /oulY)—
C’ (plY) are equal to the terms pP (0z /ouP)— C”" (uP). We further obtain that 8(5? —7L¢)/8,U,ZD >
0, aﬁiD/a%-D < 0 and aﬁi/a:pf’ < 0, but the sign of (9(%? - %1)/830? is ambiguous. Nevertheless,
we have proved that the parenthesis in (25) is positive, which implies that the marginal revenue of
an increase in the capacity level is higher under the discriminatory regime.

Since the ISPs invest more in capacity under discrimination, the total number of CPs that
are active under discrimination is also higher than under net neutrality. Innovation in services is
increased when there is a fast lane, as congestion-sensitive CPs that could not enter under net
neutrality now enter by buying access to the priority lane.

Note that as the total number of CPs under discrimination is always higher than the total
number of CPs under net neutrality, 7" is located to right of 7Y 1t is also interesting to compare
the number of CPs that enter the market under net neutrality, EN, to the CP of type h that is
indifferent between buying priority and using the non-priority lane in the discriminatory regime

(see Figure 1). We obtain that b > 7" when

P A
Pes>—— 2 (26)
1 V2V +2-2
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For high values of the ratio x”/u”, innovation in services under discrimination is so high that all
CPs that buy priority were not active under net neutrality. In this case, a simple revealed preference
argument implies that all CPs are better off in the discriminatory regime, independently from the

lane they end up choosing.

5.2 Effect on network congestion

Discrimination increases capacity compared to net neutrality, but also total traffic grows as more
CPs enter the market. In principle, therefore, the effect on average congestion could be ambiguous.
However, as the equilibrium number of CPs under either regime is h = 2u/(\ + 2), from the
definition of average congestion it then follows that 1/w = pu— h\/2 = 2u/(A+2). Since u? > p?,
it is clear that the capacity expansion effect under discrimination prevails. We can thus state

immediately the following Proposition.

Proposition 4 The average level of congestion is lower under discrimination than under net neu-

trality, that is, w? < wv.

Even if the congestion on the non-priority lane is higher than the congestion in the net neutrality
regime, the decrease of congestion on the priority lane is high enough to overcome the increase
in congestion on the non-priority lane. In other words, the ISPs manage Internet traffic more
efficiently when they can offer multiple lanes, and the more congestion-sensitive CPs can opt and
pay for priority.

Since from the properties of the M/M/1 queuing system, we have w!” < w” < w™N? it follows
immediately that the level of congestion under net neutrality, w', is always higher than the level
of congestion on the priority lane, w’. After comparing the equilibrium level of congestion on the
non-priority lane, w™¥, to w", we find that for sufficiently high values of the ratio u”/u® (i.e.,
higher than /(A 4 2)/2), congestion on the non-priority lane is also lower. In this case, capacity
expansion under discrimination is high enough to reduce congestion on both the priority and the

non-priority lanes.

5.3 Effect on subscription fees and profits

We now compare the equilibrium subscription fees in the two regimes. We find that p?” > p if

and only if
L L 2
d+v(pl/pN) -1 " V2yN+2-2
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Under net neutrality, the ISPs obtain profits only from the end users, whereas, under discrimination,
the ISPs can extract additional revenues by charging for access to the priority lane. As we already

discussed, the pricing incentives between the two regimes differ, as

HZJ.V:xN+pN8xZJ-V
opN T opN”

whereas,

on? o oap  O(R —hi) gpp

=g’ 4 p; + Lf.
apf) 7 p; 3pf) 8xf) apfpﬁ

An increase in the subscription fee by ISP ¢, decreases the demand that it obtains in both regimes,
but it also affects indirectly the total number of CPs that opt for priority in the discriminatory
regime (via the term 8@? — hi)/0zP x 0xP /OpP). Whenever this latter effect is positive, the
incentives of the ISPs to increase the subscription fees under discrimination are higher compared to
the net neutrality regime. In this case, competition in subscription fees between the ISPs is relaxed
and the end users pay higher prices under discrimination than under net neutrality.

For high values of the ratio p”/uY, the subscription fees under discrimination tend to be
higher.'®> The capacity expansion, due to the introduction of multiple lanes, is relatively high
which leads to a high number of active CPs and, thus, increases end users’ utility. The ISPs extract
this increased utility via higher subscription fees. This result is stronger when the end users value
more the variety and the speed of the network (high d + v), and when the per-click advertising
revenue (a) is low. When a increases, it is more likely that the ISPs are willing to reduce their
prices under discrimination to obtain a higher demand (the countervailing effect via the increase
in congestion is less severe). The results are reversed and competition between the ISPs is more
intense under discrimination for sufficiently low values of the ratio u”/u®.

Now, we turn to the profits of the ISPs and of the CPs. The comparison of the ISPs’ profits

between the two regimes yields that II” > IV if and only if

(" = ") /2= (C (uP) = C(™)) + (B = i) £ > 0.

ISP i obtains additional revenues under discrimination through the priority fees, but the compar-

ison depends also on the difference in the subscription fees and on the difference in the costs of

3To see that, it is useful to rearrange condition (27) to

d4v 1 V2/AF2-2
= (1 - ) > 5 .

ub/ulN
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D _ pN) /2 is positive, and

capacity. When competition is relaxed under discrimination, the term (p
hence, profits tend to be higher under discrimination. Moreover, the difference in the investment
costs is always positive (since pu” > p¥ and C’ > 0), which tends to decrease the profits under
discrimination compared to the net neutrality regime. The final comparison depends on the levels

of capacity and on the parameter values.!* We can conclude that
Proposition 5 A departure from the net neutrality regime is not always beneficial for the ISPs.

In the case of a monopolistic ISP, a departure from the net neutrality regime is always profitable,
since it can extract part of the CPs’ profits through the priority fee and still serve the whole mass
of the end users. However, when there is competition at the ISP level, it is ambiguous whether
discrimination will improve or deteriorate the ISPs’ profits. Competition for the end users under
discrimination might be more severe as the demand of each ISP affects indirectly the profits obtained
through the priority lane.

Concerning the CPs, we compare their total profits under the two regimes. We find that

SIP > S if and only if

P A

W2 (Vaar2-2)
For high values of the ratio u”/u” the total profits of the CPs under discrimination are higher,
and hence, on average CPs are better off. Note that this condition is less stringent than (26) that
described instead a Pareto improvement for CPs. Since CPs in the non-priority lane only care

NP we obtain from w™N? < w™ that they get higher profits compared to

about their congestion, w
the net neutrality regime for high values of u”/u™N.'> On the other hand, the CPs in the priority
lane benefit from the reduction in the congestion compared to the net neutral regime (w? < w?),
but they additionally pay the priority fees. Since this fee is fixed and each CP in the same lane
faces the same level of congestion, we conclude that the highly congestion-sensitive CPs benefit
more from priority compared to the less congestion-sensitive CPs. Still, the CPs in the priority

lane get higher profits compared to the net neutral regime for high values of the ratio u?/u”, but

this threshold is lower for the more congestion-sensitive CPs.

1 Analytically, we have II”> II% if and only if

A" =p™)(d +v) + ap” (A +2=V2VA+2)° - A(V2VA +2-2)))/ (A +2)* > C(p”) — C(u™).
Y The condition for TIN Y > T > 0 is again p2/u™ > /(A +2)/2.
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5.4 Effect on end users’ utility and total welfare

Now, we proceed to the comparison of the end users’ utility and the total welfare between discrim-

ination and net neutrality. For the consumers’ surplus, we have CS” > C'S™ when

a  pP/pm A2

A+ (P =17 X(Vava+2-2) (28)

On the one hand, discrimination affects positively the end users’ utility, since it increases innovation
in services and reduces the average level of congestion in the network. On the other hand, discrim-
ination may increase the subscription fees that the end users have to pay for Internet access.'®
Therefore, when discrimination leads to more competitive pressure at the ISP level with respect to
the subscription fees, the end users are better off and the ISPs tend to be worse off. When p? /u™v
increases, it is less likely that the end users will pay lower subscription fees under discrimination,

but it is more likely that the profits of the ISPs will be higher.

We finally turn to the question of which regime is to be preferred according to a welfare criterion.

Proposition 6 Total welfare under discrimination is higher than total welfare under net neutrality,

that is, WP > W,
Proof. Let

a — YV v a v N
A(M)ZQ( (2 \/§+A2+2)+d+ Ju_ AJFQA(‘i; )i —2(C(p) - C(u"N)).

The difference between the total welfare under discrimination and net neutrality is WP — W/ =
A (uP). We show that A (uP) > 0. To see that, first note that A (uVV) > 0 as 2(a(A + 2 —
V2V +2) +d+v) > (aA+2(d+v)) > 0. Second, we have u? > p, and A’ (u) > 0 for
uw e [,uN 1P ] since the level of capacity that maximizes A (u) is higher than the equilibrium level
of capacity p” and A (-) is concave. Therefore, A (u”) > A (pV) > 0. =

Total welfare is the sum of firms’ profits and end users’ utility. While the impact of discrimi-
nation on each agent is generally ambiguous, the overall effect on the aggregate economy is always
positive: prioritization leads to more efficient allocations. Figure 2 presents the comparison be-

tween the ISPs’ profits, the CPs’ profits, the total industry profits and the end users’ utility in

""From (27) we obtain p” < p" if and only if e (ugﬂ;i‘;};% > \/5\/%72.

more stringent than (28) that describes the more general condition for CSP > C'SN.

Note that this condition on prices is
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the discriminatory and the net neutrality regimes, when the investment cost function takes the
quadratic form C'(u) = /ﬂ /2. The horizontal axis represents the number of visits per user A, while
the vertical axis represents the ratio a/ (d + v). The lines represent the locus of points where there
is no difference between the regimes. The arrows indicate in which direction profits or end users’
utility are higher under discrimination than under net neutrality.

Three alternative cases may emerge. First, the market profits increase more than the reduction
in the end users’ utility. This arises in the bottom-right part of the Figure (e.g., point A). Second,
the end users’ utility increases more than the reduction in the market’s profits. This arises in the
left part of the Figure (e.g., point B). Third, both market profits and the end users’ utility increase
under discrimination. This is the case in the central, and in the top-right part of the Figure (e.g.,
point C).
ot
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Figure 2: Discrimination vs. Neutrality when C(p) = p* /2

5.5 Endogenous regime choice

So far, we have considered that the traffic regime (net neutrality or discrimination) was given exoge-
nously, and hence, a departure from net neutrality means that both ISPs adopt the discriminatory
regime. An interesting question is however whether the ISPs would decide endogenously to remain
under net neutrality, or rather to implement the discriminatory regime. To analyze this question,
we study an ISP’s incentives to depart from the net neutrality regime, at the first stage of the

game. We obtain the following result.
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Proposition 7 Fach ISP i has a unilateral incentive to adopt the discriminatory regime.

Proof. Whenever the priority fees are equal to zero, the discriminatory regime coincides with the
net neutrality regime, since all CPs connect to the priority lane. Therefore, ISP ¢ has a unilateral
incentive to discriminate if its profit increases with the priority fee at f; = 0. By replacing (16)

and (17) into IIP, we find that, irrespective of f;, it is

uiD ()\:EZ-D (a)\miD - fi)2 — fi (a)\xlp — fi) - a)\:nlpfi> MD

onp B
£i=0 )\a:iD (1 + )\l‘iD) (a)\xZD — fi)2 1+ )\a:lD

afi

This Proposition shows that each ISP has an incentive to switch from the net neutrality to the
discriminatory regime, unilaterally and independently of the rival ISP, in an effort to extract part
of the CPs’ profits. With Proposition 5, we have shown that ISPs’ profits under discrimination can
be lower than their profits under net neutrality, as a result of more intense competition. In this
case, [SPs are trapped in a prisoner’s dilemma, with respect to the choice of a traffic regime. Both
ISPs would prefer to remain under net neutrality to achieve higher profits, but each of them has
a unilateral incentive to switch to the discriminatory regime. In Figure 2, the prisoner’s dilemma
arises, for example, at point B.

All in all, in this Section we have shown that a departure from the net neutrality regime
increases total welfare in the market for Internet access. However, as we argue in the next section,
policymakers should be aware of other practices that ISPs could adopt in order to manipulate the

traffic in their networks and increase their profits, for example, sabotage.

6 Sabotage

Up to now, we have examined the effect of a departure from the net neutrality regime, by introducing
a discriminatory regime where both ISPs offer a paid-for priority lane and a free (best-effort) non-
priority lane. The debates around net neutrality however also stress that ISPs could be tempted to
adopt strategies to manipulate the traffic in their networks. One such practice could be to degrade
the quality of the CPs that do not pay for priority. Such a strategy could work especially in the
discriminatory regime, in order to make the priority lane more valuable relative to the best-effort
lane, and hence, ISPs may appropriate a higher share of the CPs’ surplus via the priority fee.

In this section, we study the case where the ISPs can endogenously decide on a level of sabotage,

26



which reduces the click-through rate of the CPs and thus their revenues. In what follows, we begin
by studying the incentives of the ISPs to do sabotage in the net neutrality regime and, then, we

analyze the incentives for sabotage in the discriminatory regime.

6.1 Sabotage in the net neutrality regime

We extend the baseline analysis of the net neutrality regime, and suppose now that ISPs may

sabotage CPs at no cost. The profit of CP h then becomes

a/\mg (1 — (1 + s%) hw%) + a)\xg (1 - (1 + sg) hwg) if he connects to both ISPs
HhN = a)\mZN (1 — (1 + sfv) hwlN) if he connects only to ISP ¢

0 otherwise,

where siv > 0 is the level of sabotage imposed by ISP ¢ in the net neutrality regime, with i = A, B.
The expression of the CP’s profit is the same as in our baseline model of Section 2, except that the
CP’s congestion sensitivity is increased by the level of sabotage.

The timing of the game is modified as follows. At the first stage, ISPs decide on capacity levels,
subscription fees, and sabotage levels simultaneously and non-cooperatively. At the second stage
of the game, CPs decide which ISP(s) to connect to and end users choose an ISP.

The analysis is similar to the analysis of the baseline model in Section 2. We obtain the following

Proposition 8 In the net neutrality regime, ISPs never sabotage the CPs, that is, slN = 0, for

i=A,B.

Proof. Solving backwards for the symmetric equilibrium, and following the same procedure as in
the baseline model, we find that the profit functions of the ISPs are decreasing with respect to the

sabotage rate, that is,

oy o (2v — d\) up

05N~ PasN T i@t A+ 221 au(d+ ot ds)

where pY = p& = p, p = iy = p and s = s = s. Note that we invoke (6) here, so that

(2v — d\) > 0. Therefore, in equilibrium, ISPs set a zero level of sabotage. ®
Even if we allow the level of sabotage to be endogenous, the ISPs do not have any incentive
to sabotage the CPs in the net neutrality regime. Indeed, there is a unique lane to transfer the

data. Any positive level of sabotage would just reduce the revenues of the CPs, and subsequently
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the total number of active CPs. ISPs would then have to lower the subscription fees to the end
users, since innovation in services would be lower, which would result in lower profits for the ISPs.

Therefore, sabotage in the net neutrality regime is not an equilibrium outcome.

6.2 Sabotage in the discriminatory regime

It is interesting to study the incentives of the ISPs to sabotage the different lanes in the discrim-
inatory regime. We allow the model to be flexible, and assume that there could be two different
sabotage rates that the ISPs can set at no cost, one for the priority lane, denoted by sf) >0, and
one for the non-priority lane, denoted by sfv P >0, with i = A, B. Sabotage levels are chosen at
the first period of the game, at the same time as capacity levels and subscription fees. The analysis
is then similar to the analysis of the baseline model in Section 3, except that the profits of the CPs

are now given by

aAzh (1— (1 4 s§) hwl) — f,+a sz B (1— (14 s5) hwh) — fp priority at both ISPs
arzP(1—- (1+sP) hw!) — fi—l—a)\xf)(l— <1 + sé-vp) hwévp) priority only at ISP ¢

b — arz (1— (1+s7) hwi T + a)\xg(l— (1+syP) hwiT) if non-priority at both ISPs
a)\xzp(l— (1 + SZP) thP) — f; priority at 7, no access at j
arzP(1— (1+sNP) hwl¥P) non-priority at ¢, no access at j
0 otherwise.

We examine the local incentives of the ISPs to implement sabotage. In other words, we evaluate
the ISPs’ incentives to decide on some positive level of sabotage in the symmetric case, starting

from a baseline case with no sabotage. We find the following result.!”

Proposition 9 Under discrimination, the ISPs have no incentive to sabotage their priority lanes,
that 1is, sf) = 0. By contrast, ISPs may have incentives to sabotage the non-priority lane if the

advertising rate is sufficiently high.

Proof. By solving backwards and by the first-order conditions of the ISPs’ profits with respect to
the sabotage rate in the priority and the non-priority lane, evaluated at zero, under symmetry, we

have
oy N (2v — dA
. __pN@u=dN
9si | p_enp_g A(A+2)2

"Note that all our results are robust to the introduction of some “sabotage cost function,” as long as the marginal

cost of sabotage at a zero level of sabotage is zero.
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where

N= (V2 +2)-2v2+2) +a(VEVa+2-2) (VAT2 (R +20+4) = 2V2(A+2)) >0,
and
omp _p(a(2v2(A+4) —8VA+2) — (VA+2-V?2) (2v—dN))
8S;NP sf):sf\’P:U A()\_|_2)% ’

. oTIP
where pf} = uB = p, with 5N

(3

sNP > 0. Note that we also invoke (6) here, so that (2v —d)\) > 0. m

> 0if a > (20 — d\)/2(V2VA +2 — 2) > 0, implying

P__NP_
s;=s;' " =0

This Proposition shows that a zero sabotage rate is still a candidate equilibrium for the priority
lane, since the ISPs’ profits, at that point, are decreasing with respect to sabotage. However, for
some parameter values, ISPs have now an incentive to sabotage the non-priority lane. Note that we
only study the local incentives of the ISPs to sabotage, without fully characterizing the equilibrium
sabotage rates, as we just want to highlight a possibility result.!'8

It is not profitable for the ISPs to degrade the quality of the priority lane, since this would
reduce its attractiveness and lower the profits obtained by the ISPs through the priority fees. By
contrast, we have established that sabotage can now emerge endogenously for the best-effort non-
priority lane. In particular, for sufficiently high values of the advertising revenue a or sufficiently
low values of the preference of the end users for innovation v, the ISPs find it profitable to sabotage
the non-priority lane. Degrading the quality of non-priority lane makes the priority more attractive,
and hence, the ISPs can extract higher profits from the CPs. The total number of CPs decreases
with sabotage at the non-priority lane, but the total number of CPs that opt for priority increases.
Since innovation in services is reduced, the ISPs have to charge less for access to the end users.
But when the preference for innovation v is low relative to the advertising revenue a, the revenue
loss on the end users’ side is more than compensated by the gains on the CPs’ side.

It is also important to examine the effect of sabotage on welfare. Let us consider a symmetric
equilibrium where the ISPs impose small but positive sabotage rates on the non-priority lane, that

is, we have S]XP = sgp = SZN P > 0. Consequently, total welfare is a function of these rates,

wb (sgp ,sgp ) By calculating the local effect of an increase of the sabotage rate on the non-

18 Also, sabotage arises because there is still a “missing” (zero) price for the non-priority lane. If the ISP could
charge for it, a price instrument will always do better than a non-price instrument such as sabotage. Nevertheless
the zero price for best-effort traffic is a requirement of every legislation we are aware of, thus making sabotage a real
possibility.
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priority lane on total welfare, we obtain

A 2% (a ((/\ FA) (A +2) —2V2 (A + 2)%) + (A +2-V2VAT2) (20— d/\)>

OsNT | o wp_y A(A+2)°

(2 Si:

<0,

where ,ug = ,ug = L.

An increase of the sabotage rates on the non-priority lane from zero to a positive level always
decreases total welfare. The CPs on the non-priority lane and the end users are worse off: the
CPs that do not opt for priority obtain lower advertising revenues due to sabotage, and the end
users face less variety in the market. However, the ISPs benefit from sabotage (for the range of the
parameter values discussed above).

While in the baseline model the introduction of the priority lanes and fees is always welfare-
enhancing due to the more efficient traffic management and the associated higher incentives to
invest, policymakers should be aware of the additional practices that the ISPs may adopt under
discrimination. The implementation of sabotage by the ISPs gives them an additional instrument
to extract more profits, which could potentially decrease social welfare. Such a practice may reduce

innovation in services and, thus, exclude some CPs from the Internet market.

7 Small and large CPs

In the baseline model, we assumed that the advertising rate was identical across CPs. However,
some (small) CPs may earn lower advertising rates than other (large) CPs. One concern expressed
by the proponents of net neutrality is that a departure from the neutral regime could hurt these
small CPs, and even drive them out of the market. To study this issue, we consider that, for each
level of congestion sensitivity h, a proportion v of the CPs has a low advertising rate ar, while a
proportion 1 — « has a high advertising rate ag, with ag > ar and v € (0,1). The former are
considered to be “small” due to lower advertising revenues, and the latter to be “large”. We assume
that var + (1 — v) ag = a, which means that the average advertising rate is the same as in our
baseline model. We further assume that each ISP charges a uniform fee for the priority lane (i.e.,
does not seek to price discriminate between small and large CPs).

The equilibrium outcome under net neutrality for this extended setting is the same as the one
described in Proposition 1. When there is a unique traffic lane, advertising rates do not affect the

equilibrium level of capacity investment, innovation in services, the subscription fees and network
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congestion. The only difference is that small CPs obtain lower profits than large CPs. However,
total welfare remains unchanged.

Under discrimination, we denote by hy; the total number of CPs entering ISP i when they
earn advertising rate ag, and by E;” the CP which is indifferent between the priority lane and
the best-effort lane at ISP ¢, with £k = L, H, and i = A, B. We solve the game in a similar way
as for our baseline model. We obtain the same qualitative results. In particular, a switch from
the net neutrality regime to the discriminatory regime remains beneficial in terms of investments,
innovation and total welfare.

However, a departure from the net neutrality regime hurts the small CPs more often than
the large CPs. In particular, there might be cases where large CPs benefit from a switch to the
discriminatory regime, while small CPs are hurt. This is due to the fact that large CPs earn higher
advertising revenues, and therefore, there is more entry from large CPs than from small CPs, using
the priority lane. Finally, for some parameter values, for example, when the difference apy — ar,
is large enough, all small CPs are excluded from the priority lane, though they still can use the
free-of-charge non-priority lane.

To sum up, in this extension, a departure from the net neutrality regime is still positive in terms

of total welfare, but with a caveat, as small CPs get hurt more than large CPs.

8 Conclusion

We propose a model with two competing Internet platforms (ISPs) that bring together Internet users
and a continuum of congestion-sensitive advertiser-supported content providers. The CPs deliver
content to the end users via the ISPs’ broadband networks. Under the net neutrality regime, CPs
pay no fees to the ISPs for network access, whereas under the alternative discriminatory regime,
the CPs who opt for an ISP’s fast lane have to pay a priority fee to that ISP, while the other CPs
can use a best-effort slow lane at no charge.

We find that in the discriminatory regime, where the two ISPs offer prioritized lanes, Internet
traffic is managed more efficiently than in the net neutrality regime. Consequently, the average
level of congestion experienced by end users is lower under discrimination than under net neutrality.
Moreover, ISPs invest more in network capacity, since they can be partly compensated for their
investments by the additional revenues that they can extract from the CPs through the priority fees.

Innovation in services is also higher in the discriminatory regime compared to the net neutrality
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regime. As traffic is managed more efficiently, some highly congestion-sensitive CPs are able to
enter the market when a prioritized lane is available, while they choose to remain out of the market
when there is only one best-effort lane for all CPs.

In this duopoly framework, ISPs do not always benefit from a departure from the net neutrality
regime, as the introduction of multiple lanes can actually intensify competition between Internet
platforms. However, ISPs always have a unilateral incentive to adopt the discriminatory regime,
when they are allowed to. Finally, while the effect of a departure from the net neutrality regime
on the CPs’ profits and the end users’ utility is generally ambiguous, total welfare always increases
when there is a switch from the net neutrality to the discriminatory regime.

Though welfare-enhancing, the discriminatory regime might bring forth a risk of sabotage by
ISPs of content providers’ traffic. Whereas this risk is absent under net neutrality — sabotage is
never an optimal strategy for the ISPs under this regime — under the discriminatory regime, if
the advertising revenue is sufficiently high, each ISP benefits from degrading the quality of the
non-priority lane in order to extract higher profits from the priority lane.

If regulation of traffic quality is too complex and/or costly, keeping the current net neutrality
regime might be a solution to avoid sabotage of CPs’ traffic. Otherwise, our analysis suggests
that a switch to the discriminatory regime would be welfare-improving, while still requiring some

monitoring of traffic quality.
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Appendix: Second-order conditions

Net neutrality. The candidate equilibrium in Proposition 1 corresponds to a maximum of the

profit function if the Hessian matrix is negative definite, which is the case if

4(d+v)?

c’ .
()= (A+2)° (t (A +2)% + 4 p (d + v))

Discrimination. The candidate equilibrium in Proposition 2 corresponds to a maximum of the

profit function if the Hessian matrix is negative definite. The Hessian matrix is

0211, %11, %11,
op? OpiOp;  Opidfi

H — 82Hi 821_[7', 821_[1'
Op;0p; (9,1112 o 0f;

%11, %11, 0211,

o0fidpi  Ofiou; of?

In the symmetric equilibrium under discrimination, we have
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211, oo dp; (d +v) (ﬂ()x + 2)% - (A + 4))

= = >0,
o 0fi  Ofiou, AN+ 2)% + 4020, (d + )

and
Pl _ AV
off aX? '

The Hessian matrix is negative definite if 6°II;/0p? < 0, 0°IL;/ou? < 0, 0°IL;/df? < 0,
(821'[1- / Gp?) (62Hi / 8,u?) — (GQHi / apiﬁ,u,;)Z > 0, and if the determinant of the Hessian matrix is
negative. The first and the third inequalities are always true, and the rest holds if C'(-) is suffi-

ciently convex.
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