Platform Competition and Access Regulation
on the Internet

Sue H. Mialon and Samiran Banerjee*

April 20, 2012

Abstract

We provide a new model of platform competition on the Internet
to analyze the effect of Net Neutrality regulation on market outcomes.
Consumers subscribe to two vertically related platforms, an Internet
service provider (ISP) and a content network platform (CNP), to reach
content providers (CPs). CPs interact with consumers via CNPs. Lo-
cal ISPs provide an essential input: the internet connection for con-
sumers and the last-mile access for the CNPs. The effects of access
regulation that lowers the ISPs’ last-mile access charges depend on
how greatly CNPs’ advertising fees are affected by the changes in the
Internet prices and access charges. If CNPs’ fees are highly responsive
to the changes, access regulation lowers not only the fees from CPs
but also consumer Internet prices. Hence, the “seasaw principle" be-
tween consumer Internet prices and access charges breaks down in this
case. On the other hand, if CNPs’ fees are not so responsive, access
regulation induces higher consumer internet prices. The effectiveness
of access regulation depends on its impact on consumer demand for
the Internet. If access regulation generates greater consumer demand
for the Internet, it improves total welfare. However, if it reduces con-
sumer demand substantially, CPs are worse off as well, and the welfare
decreases.
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1 Introduction

Net neutrality, which requires all data packets to be treated equally regardless
of their type or destination, is often considered to be the key factor for the
rapid growth of the commercial Internet since its inception. Meanwhile, as
technological advancement made it possible to deliver new digital products
such as VoD, VoIP, and IPTV via the Internet, there has been an increasing
demand for larger and faster bandwidth capacity to support them. Internet
Service Providers (ISPs) argue that net neutrality stifles their incentive to
invest in the physical network because high bandwidth users "free-ride" on
their infrastructure, making it impossible to provide the desired quality of
service without additional revenue.

There have been several incidents where ISPs have refused to transmit a
particular traffic, igniting a debate around net neutrality. For example, in
2004, Vonage filed a complaint against Madison River Communications to
the U.S. Federal Communications Commission (FCC) alleging that Madison
River blocked VoIP calls of Vonage customers. In 2007, the Associate Press
reported that Comcast slowed down BitTorrent’s peer-to-peer traffic in the
name of network management. In 2010, Level 3 Communications, a major
partner of Netflix, accused Comcast of charging fees which put Internet video
companies at a significant disadvantage.

In December 2010, in an attempt to preserve the nature of open and
equal access, the FCC proposed a set of net neutrality rules prohibiting ISPs
from blocking traffic on the Internet and from “unreasonably” discriminating
against traffic. In April 2011, the House voted to repeal the net neutrality
rules, but in November 2011 the Senate voted to uphold them and the new
rules went in effect. However, the FCC still faces challenges in upholding the
net neutrality rules in court (see Verizon vs. FCC, for example), especially
after the US Appeals Court in 2008 ruled that the FCC did not have the
authority to order Comcast to stop throttling file-sharing traffic.

Our paper examines the impact of net neutrality and its revocation in
the context of open access regulation of the Internet. We introduce a two-
tiered platform competition model in which two types of vertically related



platforms, ISPs and content network platforms (CNPs) such as Google or
Amazon, mediate the consumers and content providers (CPs). There are
two horizontally differentiated ISPs and two homogenous CNPs. Consumers
need an Internet connection from either of the ISPs and at least one of the
CNPs to reach CPs. CPs use CNPs’ distribution channel to reach consumers.
In our framework, consumers choose to single-home, using one CNP to find
CPs, while CPs multi-home and use both CNPs. Such a market configura-
tion results in “competitive bottlenecks” because “platforms have monopoly
power over providing access to their single-homing customers for the multi-
homing side” (Armstrong, 2006, pp.669).

Modeling CNPs as the platforms of the two-sided market between con-
sumers and CPs differentiates our paper from existing models where ISPs
are the intermediaries between consumers and the CPs. In those models,
consumers (CPs) derive a greater network externality from joining an ISP if
a greater number of CPs (consumers) participate in that ISP’s network. In
our paper, by contrast, consumers and CPs derive derive network externality
from the CNPs’ network.

It is more realistic to model consumers and CPs as deriving network
externalities from the CNPs’ network, not the ISPs’ network, for several
reasons. First, consumers and CPs often do not use the same ISP network.
Second, most products advertised on the Internet are normally provided via
platforms, not individually (for example, on-line flower shops on Google or
books on Amazon). Finally, since it is the CNPs who need the last-mile
access to consumers, if net neutrality is revoked, the immediate impact of paid
prioritization or any other discrimination mechanism is likely to fall on the
CNPs, instead of the individual CPs. ISPs often accuse “a very small fraction
of the users" (the CNPs) of using most of the bandwidth. Significantly, all
the recent net neutrality cases involve disputes between ISPs and the CNPs,
not CPs.

When CNPs mediate consumers and CPs, the role of local ISPs is to pro-
vide an essential input—the Internet connection—for consumers to be able
to make purchases online and for CNPs to use the last-mile access to deliver
the products or to complete their on-line transactions. CNPs normally pay
a one-time fee to a transit ISP. This gives them access to the consumers con-
nected to local ISPs which in turn are connected to transit ISPs or other local
ISPs under peering arrangements.! The net neutrality controversy is about

!Peering is a restricted service whereby two interconnecting networks agree not pay
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Figure 1: Internet Traffic and Non Net Neutrality

whether the CNPs should pay for the last-mile access provided by the local
ISPs as well. Currently, net neutrality rules prohibit local ISPs from “unrea-
sonable” discrimination of CNPs for access to consumers. Paid prioritization
is unlikely to satisfy the “no unreasonable discrimination” rule.? While there
are many aspects of the net neutrality rules, we take the revocation of net
neutrality to mean that local ISPs can charge CNPs for last-mile access to
consumers. Figure 1 illustrates the structure of the Internet and the impact
of abolishing net neutrality in our model.

We find that the effects of access regulation that lowers access charges
below the unregulated market equilibrium level depend on how CNPs respond
to ISPs’ price changes. In contrast to existing models, we find that lowering
access charges may lower the Internet price for consumers. This happens
when CNPs’ fees change a lot in repsonse to ISPs’ price changes. In this
case, CPs’ participation is highly elastic to the changes in access charges
and consumer Internet prices than is consumer demand for the Internet.

each other for carrying the traffic exchanged between them as long as the traffic originates
and terminates in the two networks.

2See The Federal Register Volume 76, Number 185 (Friday, September 23, 2011)
http://www.gpo.gov/fdsys/pkg/FR-2011-09-23 /html/2011-24259.htm



Since consumer demand for the Internet is less elastic relatively to the size of
participating CPs, ISPs use higher Internet prices mainly to increase access
revenues as higher Internet prices would lower CNPs’ fees and thus induce
greater participation of CPs. In this situation, if access regulation takes
place, it limits the access revenue ISPs can make via increasing the Internet
price. Thus, ISPs lower their Internet prices.

This shows that the “seesaw principle" between the prices of the two sides
of the market may break down depending on CNPs’ fee pricing. Typically the
prices of the two sides of the market are inversely linked: a factor that raises
the price on one side tends to lower the price on the other side. Without
considering the role of CNPs, other papers predict that the consumer Internet
price would increase as a result of net neutrality regulation. We show that it
is important to consider the role of CNPs since depending on their responses,
the ISPs’ optimal Internet price could be lower. Our framework thus offers
a new insight regarding platform competition on the Internet and the role of
access charges.

Price alone, however, cannot be a good measure to determine the wel-
fare implication of a policy in two-sided markets where typically network
externality is an important element of welfare for the participants. Even if
consumer prices increase, consumer demand can increase due to enhanced
network externalities. Network participation increases if and only if the par-
ticipants receive a greater surplus. For this reason, we find that if access
regulation induces greater participation from consumers as well as from CPs,
it unambiguously improves welfare. Thus, the level of consumer demand for
the Internet can be a good indicator to measure the welfare implication of
access regulation.

What is at the heart of the debate on net neutrality is that the market
for the Internet is currently far from being fully covered. Proponents of net
neutrality often refer to “Internet for everyone” as the main reason to uphold
net neutrality, under the premise that a lower access charge plays a key role
in keeping the market demand up, and even for expanding the coverage of
the Internet. This argument implicitly assumes that (i) a lower access charge
is effective in inducing a greater demand from consumers, and (ii) an increase
in consumer demand for the Internet is crucial in enhancing welfare. There
is no reason a priori why the two conditions must hold. However, we find
that while a low access charge does not necessarily induce greater demand
from consumers, if it does, it does improve total welfare.



Although it is commonly expected that access regulation should at least
have a positive impact on the CPs’ side, we find that even the effect on the
CPs is ambiguous depending on the effect on consumer demand. CPs can be
worse off as a result of access regulation even though they pay lower fees for
advertising, if regulation lowers consumer demand for the Internet and thus
reduces transaction volume substantially.

In other papers, often consumer demand for the Internet is assumed to be
fully saturated, and thus, the effect of access regulation on consumer demand
and the feedback on CPs’ participation through the change in consumer de-
mand are ignored in the analysis. This paper shows that in order to correctly
assess the effectiveness of access regulation, it is important to consider the
impact on the demand. For example, by not considering the impact on the
demand side, one might incorrectly conclude that regulation would always
beneift the CPs while it may not be the case.

Hence, the overall effectiveness of access regualtion crucially depends on
how it affects consumer demand. This model predicts that access regulation
is very effective if the effect on the other side, consumer demand, is either
positive or, if negative, small. If consumer demand for the Internet is more
responsive than CPs’ participation to the changes in Internet prices and net-
work externalities, access regulation may reduce welfare. Thus, the efficiency
of access regulation on the Internet would require emprical evidence indicat-
ing that consumer demand for the Internet is relevatively stable and inelastic
while CPs’ side has much larger potential for growth given the inefficiency of
monopoly market power of ISPs and CNPs. Without sufficient information
on both sides of the market it would be difficult to ensure that "one-sided"
regulation improves welfare on both sides. This result implies that in general
great deal of caution is required in implementing a "one-sided" regulation in
two-sided markets.

Once access regulation on the Internet is viewed as the pricing of a cru-
cial monopoly input that the ISPs provide, there are parallels between ac-
cess regulation and traditional (one-way) access-pricing in telecommunica-
tions. While the provision of local phone services exhibits natural monopoly,
other stages of production such as long distance call services can be open to
competition so long as potential entrants are able to use the crucial input—
access—provided by the monopoly incumbent. Typically there is no private
incentive for the incumbent to provide access at a fair price, and thus, access
price regulation is necessary to promote competition.



The question is whether the same logic applies to the Internet. The new
net neutrality proposal declares the FCC’s legal authority to manage ISPs
under Title II and Section 706 of the Telecommunications Act. However,
in 2005, the FCC classified Internet transmissions as “ information services”
instead of “ telecommunication services”. For this reason, in 2008, the court
found in Comcast vs. FCC that the FCC did not have authority to reg-
ulate Internet transmissions. Hence, whether there is any common ground
between the role of access charges in telecommunications and access charges
in the Internet marketplace is an important issue in determining the FCC’s
jurisdiction over Internet regulation.

There are a couple of differences in the case of the Internet. First, local
ISPs are normally not in direct competition with CNPs. ? Second, since
they mainly serve a regional network area, ISPs are unable to replace CNPs’
national network services and thus unable to foreclose CNPs. CNPs normally
have a great deal of market power. Since the CNPs’ market power normally
comes from network externalities, any potential entrant is required to have
a commensurate level of established network, which constitutes a significant
entry barrier even to ISPs covering many regions. When foreclosure is not
possible, ISPs may not have an incentive to charge an exorbitant price for
access. Our model predicts that if the profitability of the CPs is thin and
consumer demand for Internet is low, the ISPs may charge a zero access fee
voluntarily in order to enhance network participation of the two sides.

Compared to typical two-sided markets with only one layer of platforms,
access regulation is more likely to be effective on the Internet because the
immediate beneficiaries, CNPs, are the platforms of the market and they do
not benefit from higher consumer prices. For the reason that CNPs have
market power, access regulation may look less ideal on the surface since the
immediate effect of the regulation is to lower the operating costs for the
CNPs. However, this paper shows that because CNPs care about consumer
prices in deciding their advertising fees, it is possible that access regulation
can result in a lower price for consumers. Since lower Internet prices induce a
greater demand from consumers and higher welfare, there is a higher chance
that access regulation improves welfare on the Internet than it would in
typical two-sided markets.

3While most of the internet business models fit into our framework in which the ISPs
and CNPs are not in direct competition, on-line movies market is an exception. See section
6.2 for a brief discussion about this case.



The rest of the paper is organized as follows. Section 2 briefly reviews
related literature. Section 3 presents our basic two sided market framework
where CNPs intermediate CPs and consumers, while the ISPs provide an
essential input to CNPs and consumers. Section 4 summarizes the symmet-
ric equilibria. Section 5 analyzes the effect of access regulation. Section 6
discusses the role of CNPs, implication of open access regulation, and the
difference in access-pricing in Internet markets. Section 7 concludes.

2 Literature Review

The theoretical literature on access regulation and net neutrality in two-sided
market framework is quite sparse.* Schuett (2010) provides a timely survey
of the existing literature related to net neutrality issues. While there is no
single definition of net neutrality, the most common interpretation refers to
a “zero-price rule,” the situation when last-mile access charges are zero. Lee
and Wu (2009) provide detailed discussion of the issues from this perspective.

Economides and Tag (2012) is perhaps most closely related to our paper.
They examine the effect of net neutrality regulation in a monopoly as well
as a duopoly ISP setting. In the case of a monopoly ISP, they find that
without net neutrality, the price consumers pay for Internet access decreases,
but consumers have access to less content, so the impact on total surplus is
ambiguous. However, in a duopoly setting, the absence of net neutrality
decreases the total surplus because positive access fees reduce the mass of
active content providers.

Our model differs from that of Economides and Tag (2009)—henceforth,
ET (2009)—in a couple of aspects. We model access charges as usage fees
while ET(2009) model access charges as fixed fees. But more importantly,
in our model, CNPs are the platforms for consumers and CPs, with ISPs
acting as the intermediary between the CNPs and the consumers. In ET
(2009), however, ISPs are the platforms between consumers and CPs. In
our framework, the ISPs’ pricing strategy depends on how CNPs respond to
it. Hence, access regulation may or may not improve welfare depending on
CNPs’ responses to ISPs’ price changes. In contrast to ET (2009), we find

4Independently of the issues regarding net neutrality, there has been a growing litera-
ture on the economics of two-sided markets. See Caillaud and Jullien (2003), Rochet and
Tirole (2003, 2006), and Armstrong (2006), for example.



that in some cases, consumer Internet price may decrease as a result of lower
access charges. While net neutrality improves welfare in ET (2009), we show
that there is a parameter range where net neutrality lowers welfare.

Musacchio et al. (2009) model how zero access pricing under net neutral-
ity regulation affects platforms’ investment incentives in a two-sided market
framework. They show that neutrality is desirable if the ratio of advertising
revenue per click to the price elasticity of demand for Internet subscriptions
is moderate. In their model, each ISP’s access charge imposes a negative
externality on other ISPs by decreasing the content and lowering consumers’
willingness to pay. Not recognizing this externality, ISPs are likely to over-
charge when they are allowed to charge for access. Thus, neutrality can
increase welfare in this case.

The remaining literature looks at net neutrality from the point of non-
discrimination, preventing ISPs from prioritizing traffic by setting differing
prices for differing qualities of service or unilaterally deciding whether to
degrade the traffic of content providers. Hermalin and Katz (2007) show that
the overall effect of such product-line restrictions in the context of a monopoly
ISP is ambiguous. Choi and Kim (2010), Cheng et al. (2010) and Krimer and
Wiewiorra (2010) explicitly model network congestion to look at the welfare
effects of quality discrimination by a monopoly ISP. In particular, Choi and
Kim (2010) investigate the impact of paid prioritization on the investment
incentives of ISP and CPs. In the framework of a monopolist ISP and duopoly
content providers, they find that paid prioritization has two opposite effects
on the R&D incentives: a positive effect from the increased network access
fees and a negative effect from lower rent extraction. If the reduction in
rent extraction is dominant, paid prioritization may in fact reduce the ISP’s
incentive to invest in the network.

The novelty of our paper is in the new platform competition model in
which the relationship between two vertical platforms plays a key role in
determining the welfare effects of access regulation. To our knowledge, this
is the first vertical platform competition model that analyzes the effects of
access regulation. Our framework also provides a couple of new insights such
as the the inefficiency of the market solution in two-sided markets on the
Internet and when the “seesaw principle" between the prices of the two-sided
markets can break down.



3 The Model

The main actors of the model are two Internet service providers (ISPs), two
content network platforms (CNPs), a unit mass of content providers (CPs or
sellers), and a unit mass of consumers (buyers or end-users). The timing of
interactions among buyers, CPs, CNPs and ISPs are as follows. In stage 1,
ISPs move simultaneously to set the Internet connection prices for consumers
and last-mile access charges for CNPs. In stage 2, CNPs set their fees for
CPs. Finally, in stage 3, CPs and consumers simultaneously decide whether
to participate in the CNPs. The next four subsections looks at the decision-
making problems of consumers, CPs, CNPs and ISPs in turn.

3.1 Consumers

Each consumer purchases at most one Internet connection. Each consumer
has a preference for ISP i captured by a preference parameter 6; € [0, 1],
which shows the individual value of Internet connection provided by ISP
i = 1,2. These parameters are assumed to be uniformly and independently
distributed over the unit intervals. When a consumer single-homes with a
CNP j, j = 1,2, we can write the utility for a consumer as

U =0; + v+ AE(N;) —pi — ¢ (1)

where v is the value of network services jointly provided by ISPs and CNPs,
AE(N?) the consumer’s valuation of the expected network externality when
the consumer expects that CNP j features N7 content providers, p; the price
charged by ISP 7 from buyers for Internet access, and ¢ the personal cost of
setting up an account at one CNP and learning the platform environment.
We assume that c¢ is symmetric across CNPs. Hence, to consumers, CNPs
differ only in the extent of their network externality implying that when they
single-home for CNPs, they prefer one with a larger network.

On the other hand, if a consumer multi-homes, the utility for the con-
sumer is

Ui12 = 62 + v+ )\E(NS> — Pi — C12 (2)

where N*® is the total number of participating CPs and ¢,y is the cost of
setting up accounts in both platforms. We assume that c;5 > ¢. Consumers
decide to single-home CNP j if and only if u;; > w19, i.e.,

012—C>/\E(NS—N;>. (3)
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As the condition does not depend on each consumer’s individual valuation
of the Internet, all consumers either single-home or multi-home. In other
words, it is never the case that some consumers single-home while others
multi-home. If E(N®) = E(Nj) = E(Nj), c12 — ¢ > 0, the condition is
always satisfied, and thus, all consumers single-home. In Appendix A, we
show that consumers single-home in equilibrium.

Let Df; denote the expected demand for those who use ISP i and CNP
j (i,7 = 1,2) when consumers single-home for a CNP. A consumer belongs
to Df; if and only if her utility satisfies w;; > 0, wi; > wij, w; > wiyr,
and u;; > wuyj, where ¢, j' = 1,2, 4" # ¢ and j° # j. For example, for
consumers who use ISP 1 and CNP 1, it must be that wi; > w19, u1q > uoq,
and u1; > uge. The condition uy; > o (and likewise, ug; > uge) implies
that Df; > 0 (Dg, > 0) if and only if

E(NY) = E(N3). (4)
If the inequality is strict, consumers join the larger network (V7)) while D5, =
0 (D5, = 0); otherwise, consumers split the demand.

From uy; > ug; (and likewise, from uyo > ug2), we obtain
Oy < 01+ p2 — p1. (5)

The condition uyy > ugy gives O < 01 + pa — p1 + A(EN; — EN3), which is
always satisfied as long as (4) and (5) are satisfied. Moreover, from wu;; > 0
(1,7 = 1,2), we obtain the following individual rationality constraints:

0 >p—a =0, (6)
02 > py — v = 0, (7)
where © = v — ¢ + AN? is the net utility from network service and N* =
max{E(N7), E(N5)}. Similarly, we can define the conditions when ug >

uyyand when uge > u19. Thus inequalities (5)-(7) and their converse charac-
terize the demands D;;.

1. If E(N7) = E(N5) = N*, of all the consumers who subscribe to ISP i,
half use CNP 1 and the other half use CNP 2. Then

1-— 91)(1 +p2—p1— 92)]
2

1 PN
DH — 5 [(1 - 91)92 + (

- %l92(1—91)+%(1—91)21 = Dsa. (8)
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Similarly,

1 n 1 .
D21 = 5 (1—92)—5(1—61)2 :DQQ. (9)
Let N jb be the number of buyers who use CNP j. Since N{’ = D11+ Doy,
and Ng = D12 + Dgg, given that D11 = D12 and D21 = DQQ, we get

1 n
Ny =N, =N’= 5(1 —010y). (10)

2. If E(N}) > E(N3), any consumers who purchase an ISP connection
single-home with CNP 1, resulting in DY = ,(1 — 6,) + (1 - 01)2,
D% = (1 - 92) - %(1 - @1)2, D12 - D22 - 0, N{) = 1 - 91@2, NS - O,
and vice versa for the case of E(N}) < E(N3).

3.2 Content Providers
Each CP is characterized by an index of profitability ¢ which is uniformly

and independently distributed over [0,$]. CPs pay f; to CNP j (j = 1,2)
per click/purchase that consumers make online. We assume that the clicks or
units purchased have a one-to-one relationship with the the size of consumers
in the network. When consumers single-home, for a given f;, CP k’s profit

function from joining CNP j is given by

Tl = (6, — [ EWD]).

Thus, CP k joins CNP j if and only if ¢, > f;, j = 1,2, for otherwise it
makes a loss.” Then, CP k’s overall profit function from multi-homing is

" = max{(¢y — f1) E(N)), 0} + max{(¢), — f2) E(Ny),0},

while the profit from single-homing with CNP j is 7{/* = {(¢,— f;) E(N?), 0}.
If fi = fa = f, all content providers with ¢ > f multi-home. This implies
that given the uniform distribution of CPs over [0, ¢],

N =Nj=N=1-1,

¢

®Here, the CPs are assumed to be competitive and lack market power, implying that
they are unable to pass any increase in operating costs to their customers. Any increase
in operating costs merely reduces the size of participating CPs, and thereby the size of
network participants.
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If fy > f2, however, the CPs with ¢ € [f1, ¢] multi-home, while those with
® € [fa, f1] choose single-homing provided that E(N?) > 0, resulting in

N; =1-f2/¢ > Ni =1~ fi/o,
and vice versa when f; > f;. In summary, for given f; and fs, the size of
participating CPs in CNP j is

J

Ji
NS —1— 24
1 5 (11)

3.3 Content Network Platforms

CNPs’ profits depend on the total volume of transactions between partic-
ipating CPs and consumers. We assume that the volume has a one-to-one
relationship with the size of participants in each CNP’s network. Let ¢; be the
last-mile access charge that CNPs need to pay to ISP ¢ under no regulation.
Typically ISPs and CNPs do not share the same network members. Since
CNPs’ bandwidth usage in any given ISP network depends on the volume of
transaction among the CNP’s network members, it is likely that the access
charges will be set proportional to the volume of transactions that occur in
each ISP’s network. Then, each CNP’s profit function can be written as

wSN(fi fo3) = (fi = @) DG NG + (f; — g2) D3N3 = C (12)

where ¢;, i = 1,2, is the last-mile access charge paid by the CNPs to ISP 1,
Dg;, 5 = 1,2 is the expected consumer demand for the membership in CNP
J, and C' is the fixed cost.

The CNPs’ problem is to determine the optimal advertising fee f; to
charge the CPs. Given that both CNPs offer identical quality of service to
consumers, a CNP’s market power depends greatly on the network external-
ity. Since consumers single-home, CPs have to join both CNPs in order to
reach their potential customers. Thus, while there is no differentiation in the
quality of the service each CNP provides, each CNP exerts monopoly power
over the multi-homing CPs so long as some consumers use its network, i.e.,
E (ij) > 0.

From sections 3.1 and 3.2, we know that if fo > f; and Ny > N35. In
turn, N? > N&, only if consumers expect E(N;) > E(N;), and vice versa.
Especially, if consumers expects fo > fi, NP > N? = 0. But consumers never

13



directly observe the advertising fees that CPs pay. Thus, they must guess
the size of participating CPs in determining their platform. The following
Proposition shows that the unique Bayesian Nash equilibrium occurs when
E(N;) = E(N§) = N*, and the equilibrium advertising fee is the monopoly
price f = f1 = fa.

Proposition 1. The unique, symmetric equilibrium advertising fee, f, is
the monopoly price which satisfies

CNP
or p

df;

= O@NSZD@ [1—(f—qi) (#—F 2?2;)] :Ql?))

= Dle{ + DQjA‘; = 0, (14)

fi=f

i 0_; .o
where Al =1— (f — q) [ﬁ + 2)<\2>Dij:| , fori,j=1,2.

Proof. All proofs are provided in Appendix B. O

If g # qo, A # A}, and at the optimum, AJ = —g—f;Aé. On the other

hand, if ¢; = ¢o, A{ = Ag, and since it must be that D;; > 0 in equilibrium,
the optimal fees must satisfy A} = A% = (. In either case, the equilibrium
fees are symmetric. Moreover, the optimal f is at the monopoly price. While
the CNPs are in Bertrand competition with homogenous product, the two-
sidedness of the market allows the CNPs monopoly power. This is because, in
equilibrium, consumers’ rational belief is that the size of participating CPs in
each network has to be the same, which is possible only if the two CNPs offer
the same price for advertising fees. Then, under the expecation of symmetric
price, the optimal price is the monopoly price. Thus, whether one monopolist
CNP serves the entire market or there is competition, it would not affect the
market price. This result implies that additing more competing platforms at
the CNP level or allowing a horizontal merger that leads to a monopoly at
the CNP level would not affect the market outcomes. Thus, traditional ways
of antitrust enforcement would not be effective in this market.5

6See Mialon (2012) for a discussion on the antitrust implications of horizontal mergers
in two-sided markets.
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3.4 Internet Service Providers

Consumers subscribing to ISP i pay a fixed monthly fee p; to connect to the
Internet. Under non-neutrality, CNPs must pay ¢; to ISP 7 to be able to get
the last-mile access to consumers who are subscribing to this ISP. Therefore,
the profit function for ISP 7 is
ISP s

7 = (Da + Di2)(pi — co + (¢ — 2¢,)N*) — F, (15)
where ¢ is the marginal cost of providing internet connection for consumers,
¢; is the one-way margianl cost of trasmitting data traffic and F' is the fixed
cost.” For simplicity, assume that ¢y = ¢, = 0.

The ISPs’ problem is to set {(p}, ¢})}i=1,2, the optimal connection prices
for consumers and the access charges for CNPs. ISPs have no incentive to
lower the price below p = v — ¢ + AN® since at p, §; = 0, thus lowering the
price will not increase demand further. Hence, we will restrict the domain
of p in the range where p; > p. For the symmetric f, the optimal p; and ¢;
satisfy

ISP s oS Dy
o > Dy {quaN 8f] 92Dy

(pi +q:N®) <0, (16)

Op; "of opi Op;
aﬂ'lsp ON* 3f 82 Dz]
- = D;; | N? —— —— i N°) <0. (17
Let € = a(D’éHDﬂ) D +1 3 and €] = 8(D%;ZD12) " Pa +D denote the

price elastlcltles of demand for ISP 4’s internet connection Wlth respect to
the changes in p; and g;, respectively.
If pi > p, i >0, & # 0, and ¢] # 0, rearranging terms, we get

0
(pi + @ N*) [1 + 4 31{]
Di B b (18)
(pi + qiNS) [1 + %aN é&f _i}
N K (19)

"Following the notations in Armstrong (2006), let group 1 and group 2 be consumers
and CNPs, respectively. Then, each ISP is competing with two-part tariffs T = p'+¢' N,
for group [ = 1,2, where ¢' = p? = 0.
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Equations (18) and (19) show the role of CNPs in two-sided markets on the
Internet. The ISPs’ optimal pricing strategies, and thus the effectiveness of
access regulation, depend on how access regulation affects CNPs’ optimal fees
from CPs. The two terms in (18) and (19), %\JT: gg and 8N aé: appear due to
the fact that CNPs have market power and, as platforms they can optimally
determine how much to absorb or amplify the impact of price changes by the
ISPs before they transfer the changes onto their members from the two-sides.

If df < 0, this implies that when the consumer internet price increases,
the CNPS optimally lower the fees for CPs, offsetting the negative impact
on consumers in order to optimize the size of network participants (since
85\}5 861{1 > (). In that case, from (18), other things being equal, the ISPs
will be more inclined to set higher internet prices for consumers. Similarly,
if g—i > (0, when access charges increase, the higher cost of operation for
CNPs leads to higher advertising/listing fees for CPs. As a result, higher
access charges reduce the volume of transactions on the Internet, lowering
the access revenues for ISPs. In this case, ISPs will be less inclined to set
a high access charge. In the next section, we show that in a symmetric

equilibrium, g—g < 0 and g—g > 0.

4 Symmetric Equilibrium

In this section, we derive a symmetric equilibrium with market deteremined
access charges, which will be used as a benchmark to assess the impact of
access regulation in the next section.

Consider a symmetric equilibrium where py = p, = p* > p , and ¢ =
g = ¢* > 0 in equilibrium. Then, 6; = 0 = @(U,C,A,(B) and D;; = D =

~92 . .

1/4(1 — 6"). From (13), at the optimum, A] = A} = 0. Thus, the optimal f
satisfies

b
1—(f—q)[0‘}+af]:0 (20)
where o} = astaf NS and o = aDléaf = 2;\37 are the semi-elasticities

of demand for CNPS serv1ces by CPs and consumers, respectively. Let
ny = o /dff = o3[ and nf = leédff = aff denote the elasticities of
demand for CNPs’ membershlp by consumers and CPs, respectively. Then,
from equation (20), we obtain

f—aq_ 1
£+

(21)
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The optimal f is determined in the region where ns’c +n3 > 1. Equation (21)
shows that the optimal fees depend on the overall elasticities of demand from
both the consumer and the CPs’ side. Even if CPs’ elasticity of demand is
high, if the elasticity on the consumers’ side is much lower, then the fees will
be set high and vice versa.

Proposition 2.

of
3 <0 (22)
of 1

O<a—q <§, and (23)
AOf| 1
2L . 24
59| <2 (24)

CNPs react to the changes in p and ¢ differently: they lower their fee if

the internet price for consumers increases (g—]fi < 0), while they increase the
fee if the access charge increases (3 > g—é_ > (). Since CNPs do not charge
consumers, the change in p matters to CNPs only through its indirect effect
on the volume of transaction. An increase in p lowers the consumer incentive
to join the network, and thus, if CNPs do not adjust their fee, per CP, there
will be fewer consumers, which lowers transaction volume, and thus revenues.
Hence, CNPs have the incentive to compensate consumers by lowering the
fee and enhancing the network externality. On the other hand, in the case
of an increase in ¢, given that access charges are marginal operating costs
for CNPs, it leads to an increase in the fee. Although, the burden of higher
access charges is not fully transferred to CPs since % > g—i and CNPs partially
absorb the effect of an increase in costs.

: i+qiN* ON*/of
From (19), since % > 1 and Né I 8_;”1_

optimal access charges are set in the range where ¢! < 1. Imposing symmetry

on the consumer prices and access charges, we can rewrite the equations (16)
and (17) as

orlsP 1 .2 of N Of

< 0, in equilibrium, the

_ Loy oedy L MOf
o ;1= ?ﬁap) (p+aN*)(1+=57) <0, (25)
om™ 1. e oo qOf [ NooF
o5 5(1—9)(1\7—M—q)—(wqi\f)(Ea—q)go. (26)



There are two types of equilibria: when the market demand for the Internet
is fully covered, # = 0, and when the demand is not fully covered, 0 < 6 < 1.
The market demand for the Internet is likely to be fully covered, 6 = 0, when
v — ¢ and ¢ are high.® When v — ¢ is very high, consumers derive a great
utility from network service provided by the CNPs and ISPs, and thus, all
consumers would like to buy the Internet connection. A similar situation
occurs if the profitability of CPs ¢ is large enough. When ¢ is high, having
many consumers on board is important for the ISPs to be able to extract
rent from CNPs through access charges. Thus, ISPs offer a low Internet price
to consumers so that they can have the largest source of access revenue.

When the market is fully covered, the effect of open access regulation
is somewhat straightfoward: as long as the market demand remains fully
covered, access regualtion increases the transaction volume by inducing a
greater participation from CPs. Thus, access regualtion improves welfare.’

On the other hand, if ¢ or v — ¢ is not too large, 0 < 6 < 1. In this case,
consumer demand for the Internet depends on the access charges, and ISPs’
Internet pricing depends on how much rent they can extract from CNPs
through access charges. For this reason, our analysis focuses on this case
when the market is not fully covered.

5 The Effects of Access Regulation

In this section, we analyze how access regulation alters the optimal pricing
strategies of the ISPs and welfare. For simplicity, we consider a fixed sym-
metric access charge a > 0 per transaction. In the context of open access
regulation, this fixed access charge can be understood as a government sanc-
tioned upper limit on the access charges over Internet traffic. If a > ¢*,
regulation is not binding, and there is no difference between whether the
access charges are regulated or not. Regulation has an effect on the market
only if a < ¢*. Thus, we only focus on this case.'’

8See Appendix B for detailed conditions under which the market become fully covered.

9The welfare analysis of access regualtion for the cases when the market is initially fully
covered is provided in the supplementary Technical Appendix.

0Thus, we only consider the case when ¢* > 0. In Appendix B, we show that for a
small enough ¢ and v — ¢, there is a range where ¢* = 0. This is because when 9(subscript
deleted)> 0, an increase in access charges increases the CNPs’ fees from CPs, 3—‘5 > 0, and
an increase in the fees lowers consumer demand by lowering network externality. That is,
9(D;i1+D;2)/dq < 0. Therefore, when @Z > 0, an increase in access charges lowers not only
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Timing of the modified game under regulation is as follows. In stage
0, the government sets the access charge. In stage 1, ISPs determine the
Internet price. In stage 2, CNPs choose the fees, and in stage 3, consumers
and CPs make their choices.

5.1 Open Access Regulation

For a given a > 0, the behavior of consumers, CPs, and CNPs are the same
as before in the sense that (8), (9), (10), (11), and (13) are the same except
that they are now functions of a instead of ¢. The CNP’s optimal fee satisfies

1= (fo—a)[o}+0%] =0. (27)
While %zia remains the same as before, since a is no longer determined com-
petitively, % = 2%. The profit function for ISP i is rewritten as
T = (Dy1 + Dig)(pi + a)N* — F. (28)
The optimal symmetric Internet price p; = ps = p, > p satisfies
1 .2 adf N of
—-1-0)(1l—==)—(p+aN°)(1+—=—=—) Z0. 29
5100550~ N1+ Z 5 (29)
s —190 5\ a ] a
Let’yp:(85\;)%:(718—2)%>0andfya:—(a§;)ﬁz éa—z x >

0 denote the elasticities of CPs’ network participation with respect to the
consumer Internet price and access charge at the market equilibrium p*, ¢*.
Then, Proposition 3 shows that depending on v, and -,, lowering access
charges can lower consumer Internet prices as well.

Proposition 3. Suppose a > 0 and 6>0. Lowering a below q* reduces p if
and only if
(v

Yp (1 + /ifya(—g) > 2€p(1 — ")/a), (30)

)\NSZ
2D °

»
Ep —

where 0 < v, <1 and k =

the size of participating CPs, but also the consumer demand for Internet. If the profits
from access revenues are not much and the CPs’ participation on the Internet is highly
sensitive to a small increase in access charges, it may be more profitable for ISPs not to
pursue access revenues but maximize revenues from consumer demand. In this case, ISPs
may voluntarily set ¢* = 0 and forgo access revenues in order to minimize the negative
impact on consumer demand.
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Equations (18) and (19) show how the Internet price and access charges
are related. In general, in a two-sided market, when a factor generates a
higher price on one side, it tends to lower the price on the other side. Hence,
if not for the effect of the two terms g—i and g—i, according to this "seesaw
principle," access regulation that lowers CPs’ prices is expected to increase
consumer Internet prices.

However, this paper shows that depending on how the CNPs adjust their
fees in response to the ISPs’ price changes, the "seesaw principle" may not
hold. Proposition 3 shows that % > 0 is more likely to hold as v, and v, are
higher. CNPs lower the fees they charge from CPs if p increases while they
increase the fees if ¢ increases. Thus, other things being equal, the higher -,
is, it is less costly for ISPs to increase consumer internet prices than access
charges. This is especially true if consumer Internet demand is less responsive
to the Internet price changes than CPs’ participation is while an increase in
access charge induces a steeper rise in advertising fees (a higher v,). In this
case, in order to increase the transaction volume and thus access revenues,
ISPs would have incentives to charge a high p for consumers to induce lower
advertising fees from CNPs without lowering their access charges ¢ much.
In this situation, limiting the level of access revenues ISPs can raise, access
regulation lowers ISPs’ incentives to charge a high p in optimizing access
revenues. Thus, ISPs lower Internet price as a result of access regulation.
By contrast, in other models of platform competition on the Internet where
CNPs’ role is not considered, v, = 0 (g—;: = 0) and thus, % < 0 always.

Since % = g—f: + (%) %, if % < 0, lowering access charges lowers the ad-

vertising fees. If % > 0, on the other hand, the effect of access regulation on
advertising fees is not straightforward. A decrease in access charges directly
decreases the fees, % > 0, while it indirectly increases the fees through the

effect on consumer Internet price, (g—g) % < 0. However, we find that the

direct effect dominates the indirect effect in equilibrium.

Proposition 4. Regardless of the effect on p, access regulation lowers ad-
vertising fees f.

While access regulation unambiguously improves the market conditions
for CPs, and enhances network externalities that consumers receive as well
by inducing greater participation from CPs, the final effect on consumer
demand for the Internet is still ambiguous. Other existing models of net
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neutrality report a similar ambiguous effect on consumer demand mainly
because consumer prices unambiguously increases in those models. However,
in this paper, we show that the effect on consumer demand is more likely to
be favorable due to the possibility that access regulation can in fact lower
consumer prices.

We find that the welfare implication of access regulation ultimately de-
pends on how it affects consumer demand for the Internet.

Proposition 5. A lower access charge a < q* improves total welfare as long
as consumer demaned for the Internet does not decrease.

If consumer prices decrease, access regulation induces greater participa-
tion not only from CPs, but also from consumers. Then, the increased trans-
action volume enhances the profits for CPs further, and the loss of profits for
ISPs will be minimal. Therefore, in this case, access regulation unambigu-
ously increases welfare. From Propositions 3, access regualtion lowers the
price for consumer (% > () and thus unambiguously increase the demand
for the Internet if v, and ~, are high enough. Thus, if 7, and ~, are high,
access regulation is more likely to improve welfare.

Corollary 1. Access requlation is more likely to improve welfare for high -,

and 7y, .
Even if consumers pay higher prices after regulation (% < 0), it does

not necessarily lower consumer demand for the Internet. This is because
in addition to the price, network externality is an important factor that
determines the demand. As access regualtion lowers the fees for CPs, more
CPs are expected to join the network, which increases network externality
for consumers and thus their willingness to join the network. If the increase
in network externality outweighs the price effect, consumer demand for the
Internet can increase even if the prices are higher. That is, it can be that
gz §§+2§£>Oeven1f <Oaslongas¢j];>’ L|.

Proposition 5 implies that in general, welfare 1mprovement in the two-
sided market requires increased transaction volume. In our framework, given
the assumption that the transaction volume is proportional to the size of par-
ticipants from each side, greater participation from both sides of the market
ensures welfare improvement. Lower access charges directly enhances market
conditions for CPs and thus induces greater participation of CPs. Yet, the

21



effect on consumer demand is ambiguous. Therefore, naturally, the effective-
ness of access regulation depends on how it affects consumer demand for the
Internet.

In the National Broadband Plan issued in 2010, the FCC cites that
"nearly 100 million Americans do not have broadband," and states that "[t|he
mission of the plan is to create a high-performance America |.....] in which
affordable broadband is available everywhere and everyone has the means
and skills to use valuable broadband applications." To achieve this goal, the
plan recommends designing "policies to ensure robust competition and, as
a result, maximize consumer welfare."!! Therefore, net neutrality regulation
specifically aims to enhance competition in the content markets in order to
increase demand for Internet services and deployment of broadband service.

The rational behind the recommendation is that net neutrality regula-
tion effectively increases the availability and affordability of broadband by
promoting competition in the content markets, and an increase in consumer
demand for the Internet is crucial in enhancing welfare. This paper shows
that the access regulation may not induce higher demand for Internet ser-
vices, but if it does, it improves total welfare.

On the other hand, if access regualtion increases the Internet prices, it
may reduce consumer demand substantionally. Moreover, if the decrease in
transaction volume is significant, despite lower access charges, CPs’ surplus
may decrease after all as a result of access regulation because of the decrease
in transaction volume. That is, while there are more CPs in the market,
each CP makes less profits than before regulation. Proposition 6 shows that
welfare can decrease in this case.

Proposition 6. Access requaltion lowers welfare if % < 0 and ‘%| >

X(5) > 0, where A = 2(1 — /9\) + 20 (&2—_f2 —i—p) > 0, and X =
A-(1-0")+x(2) ’ 2 ,
A

(A +(1 —52){> > 0.

¢

Corollary 2. Access regulation is more likely to lower welfare for low v, and
Ya-

These results from Propositions 3 through 6 and Corollaries 1 through
2 imply that in general in two-sided markets, the effectiveness of regulation

"The National Broadband Plan, July 2010, http://www.broadband.gov/.
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that targets stimulating one-side (CPs) depends on whether it can stimulate
the participation of the other side (consumers) as well. To ensure that one-
sided regulation is in fact an effective way of regulating the Internet, the
regulatory authorities must make sure that the impact on the other side is
not substantially negative. Otherwise, an alternative regulatory instrument
should be considered.

5.2 Effects of Net Neutrality

Now consider the case when ISPs are not allowed to charge any for the last
mile access. The results in section 5.1 can be easily extended to the case

of net neutrality. Let py be the price of the Internet connection under net
neutrality (a = 0) and v, = <’7}%£) R > 0 be the elasticity of CPs’
participation with respect to the Internet price evaluated at py and a = 0.

Corollary 3. 1. Net neutrality lowers both the fees from CPs and con-
sumer Internet price if v, > 1=epn.

2. Net neutrality improves welfare if v, > 1= ¢epn.

3. Net neutrality is more likely to reduce welfare if v, is low.

6 Discussion

In this section, we discuss the mechanism through which access charges in-
fluence market outcomes in our model, why its results differ from those of
other models, the implications of open access regulation in this framework,
and how access regulation of the Internet differs from that of traditional
telecommunications.

6.1 The Role of the CNPs and Access Charges

In the current framework, we have two vertical layers of monopolistic plat-
forms, the CNPs and the ISPs. The unique role of CNPs is explicitly shown
in the structure of how optimal advertising fees are affected by ISPs’ Internet
prices and access charges, given in (22) and (23). These equations determine
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the relationship between access charges and consumer demand for the Inter-
net, which account for the differences between the results of our paper and
other models.

For example, we find that lower access charges can lower the consumer
Internet price as well as advertising fees for CPs (Proposition 3), while all
other existing models predict that consumer price will increase as a result of
lowering access charges. This is because in our model, ISPs’ pricing depends
on how CNPs respond to Internet price changes. What makes a difference is
not that CNPs have market power but that CNPs are the platforms between
consumers and CPs. If CNPs are just firms with market power but not
playing the role of the platforms, CNPs have no reason to consider the impact
of consumer Internet prices in determining their fees onto CPs, and thus,
af = 0 while ‘3—5 > 0 still holds. This is a typical way of looking at the
CNPS in existing net neutrality literature. When the CNPs are understood
as platforms, however, we can identify another channel of reaction that access
regulation generates. CNPs optimally absorb the impact of an increase in
Internet price by lowering their fees (g—;; < 0). Knowing this, ISPs in general
have more incentives to set a high price for the Internet when they are allowed
to charge for access. Regulating access charges reduces such incentives of
ISPs to set a high price for the Internet. Thus, it would not only decrease
the access charges for CNPs and CPs, also decrease the consumer Internet
price.

More importantly, because of the CNPs’ response to the changes in con-
sumer prices, access regulation on the Internet is more likely to be efficient.
Consumer prices can go down because g—f < 0. Total welfare improves if con-
sumer prices are lower and thus the demand is higher. Thus, access regulation
is more likely to be welfare-improving as a result of CNPs’ involvement. This
indicates that the welfare implication of access regulation crucially depends
on how CNPs would respond to the changes in access charges and Internet
prices.

6.2 Open Access Regulation on the Internet

Some claim that net neutrality only determines how the ISPs and the CNPs
(or the CPs) divide their profits, but does not affect consumers, and hence,
there is no need for regulation. They argue that the only reason for regulation
is that the unregulated market solution might allow too much rent extraction
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by the ISPs and lead to the foreclosure of competition at the CNP level.
In order to minimize the potential harm on the CNPs (and ultimately the
CPs), they propose open access regulation instead of extensive net neutrality
regulation.

Our model shows that access regulation on the Internet is more than just
about how ISPs and CNPs divide their profits. Given that ISPs and CNPs
are monopoly bottlenecks, in some range of parameters, there is a potential
welfare gain from access regulation.

Concerned about the possibility of using access charges to foreclose com-
petition, some proponents of net neutrality further argue that the Internet
should be reclassified as telecommunications so that the FCC can have full
authority to regulate the market. For this reason, we would like to briefly
discuss how Internet access regulation is different from the access regulation
in telecommunications.

In the case of traditional one-way access pricing in telecommunications,
the need for regulation arises since there is no private incentive for the
monopoly bottleneck to provide access at a fair price to rivals. Thus, without
regulation, potentially efficiency improving entries are deterred. By contrast,
on the Internet, in most cases, ISPs and CNPs are not in direct competition
with each other. The services provided by ISPs and CNPs are perfectly com-
plementary. Moreover, ISPs normally do not have incentives to charge an
exorbitant price for access to foreclose competition. This is because such
foreclosure would be feasible only if local ISPs also have a comparable na-
tional network that CNPs have. Currently, not many local ISPs qualify. As
Weisman and Kulick (2010) states, "ISPs generally serve regional markets
whereas content markets are often national or international. (pp.20)" With-
out having a comparable level of facility to replace CNPs’ services, the ISPs
may not be able to foreclose CNPs. When foreclosure is not possible, ISPs
incur losses if access charges are set too high, especially when an increase
in access charges lowers their access revenues a lot by lowering transaction
volume. For example, if v — ¢ and ¢ are very low, ISPs may even optimally
charge zero for access in order to boost the transaction volume.

However, in some industries such as on-line movies and VOIP services,
vertical integration between ISPs and CNPs have already taken place or easy
to obtain. Naturally, our model does not apply to these industries. For ex-
ample, Comcast’s on-demand movies are directly in competition with Netflix
on-line movies. Also, as in the case of Vonage v. Madison River Communica-
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tions, the VOIP service provider (Vonage) and the local ISP (Madison River
Communications) are in direct competition over the provision of telephony
services and the VOIP service provider must have access to the local ISP’s
network to be able to compete with the local ISP. In these industries, an ISP
is vertically integrated with either a CNP or with another downstream mar-
ket platform and vertically integrated ISPs do have incentives to use access
charges as an instrument for foreclosure.

Even in the markets where foreclosure is not an immediate concern be-
cause currently not many local ISPs have national or international level of
networks, some local ISPs are the subsidiaries of larger national ISPs such
as AT&T and Comcast. If these local ISPs continue to expand their network
and become able to offer equivalent level of network services that CNPs pro-
vide, given the perfect complementarity of the services, vertical integration
between ISPs and CNPs seems to be the logical choice as in the case of Com-
cast and NBC Universal merger. Then, the vertically integrated ISPs would
have incentives to use access charges to foreclose competition in the absence
of access regulation. In this case, the implication of access regulation would
be quite different. Weyl (2008) provides an insight to how such a vertical
integration between upstream and downstream platforms would affect the
market outcomes. Yet, it remains uncertain how access regulation would
affect the incentives for the vertical integration between platforms and how
the welfare implication of access regulation would change as a result. We
discuss these issues in a separate companion paper.

7 Conclusion

In this paper, we consider a two-sided market framework where consumers
and content providers interact via CNPs. Local ISPs provide an essential
input: the Internet connection for consumers and the last-mile access for
the CNPs. We assess the effectiveness of open access regulation by analyzing
how lowering the ISPs’ last-mile access charges below the market equilibrium
level affects welfare.

We find that the effect of access regulation depends on how sensitively
CNPs respond to the changes in ISPs’ prices and how sensitively CPs’ net-
work participation responds to the resulting changes in advertising fees, in
comparison with consumer demand elasticities with respect to the Internet
price and network externality. In contrast to the existing literature on two-
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sided markets, we find that the “seesaw principle" may not hold, depending
on how CNPs respond to ISPs’ price changes. Therefore, in some cases, access
regulation may induce lower prices for both CPs and consumers and unam-
biguously improve welfare. However, in other range of parameters, lower
access charges may induce higher Internet prices for consumers. If consumer
Internet demand decreases substantially as a result, CPs becomes worse off
even if they pay lower fees to CNPs because their profits are lower due to
lower transaction volume. In this case, access regulation lowers welfare.

Thus, we find that the effectiveness of access regulation indeed greatly
depends on how it affects consumer demand for the Internet. Access regula-
tion is effective only if its impact on the consumer side is not too negative.
The main results of this paper suggest that acess regulation should be imple-
mented only if there is empirical evidence indicating that CPs’ participation is
more elastic than consumer demand to the changes in the Internet prices and
access charges. Hence, in order to assess the FCC’s national broadband plan
that aims to achieve greater level of market coverage through access regula-
tion, it would be neccessary to get an empirical validation of current market
condition about the elasticities of consumer demand and CPs’ participation.
However, a more important question would be whether access regulation is
the most efficient way of regulating the Internet. We argue that in general,
it is difficult to improve welfare from both sides using "one-sided."

8 Appendix A: Single-homing consumers and
multi-homing CPs

In this appendix, we prove that consumers single-home and CPs multi-home
in equilibrium. The description of consumer demand and CPs’ supply de-
cisions when consumers single-home is given in sections 3.1 and 3.2. Now
suppose consumers multi-home.

From (3), consumers multi-home only if N* > N Fforall j = 1,2, and c1o—
¢ is small enough. In this case, consumers purchase an Internet connection
as long as ujs = 0; + v+ AN® —p; — c12 > 0. That is, as long as 6; >
p; — & = 0; every consumer in each ISP network subscribes to both CNPs,
where & = v — ¢15 + AN®. Thus, NP = N¢ = (1 — 6,0,).

When consumers multi-home, content provider k’s profits from single-
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homing is . ~
" = max{(¢y — f)N', (¢ — fo)N*,0}. (31)
On the other hand, if content provider k£ multi-homes, the chance to receive

consumers’ click through either CNP 1 or 2 is evenly divided among the
entire consumers N?, thus, the provider k earns

mor = max{ (¢, — (f1 + f2)/2)Nt,0} (32)

If fi # fo, CPs single-home when consumers multi-home. However, if
fi = fo = f, CPs get the same profits from either single-homing or multi-
homing. We assume that CPs multi-home in this case. In summary, when
consumers multi-home, the provider k joins CNP j if and only if f; > f;

(7' # j), resulting in

.

L gt > f

NS = o Ty Z 1 (33)
0 if fj’ < fj'

Combining the results from the sections 3.1 and 3.2 and the result from
above, we can easily show that consumers single-home in equilibrium. For
consumers to multi-home, it must be that the two CNPs have a different
group of CPs so that 0 < ¢jo — ¢ < A(N* — N*). However, when consumers
multi-home, from (33), we find that if f > fj, N® = N° = N?, and if
fir < fiy N®° = N° = N;, for j,j’ = 1,2 (j* # j), and thus, c1g — ¢ >
AM(N® — N*®) = 0. Therefore, consumers have no incentives to multi-home.
As consumers single-home, the CPs multi-home in equilibrium. Q.E.D.

9 Appendix B

9.1 Proof of Proposition 1

In stage 3, the unique Bayesian Nash equilibrium arises when consumers
expect the same size of network in both CNPs, i.e., E(N;) = E(N5) = N*.
This requires that f; = fo = f. Then, we get Df; = D;;. Solving backward,
in stage 2, each CNP’s problem is then to choose the optimal f given that
fi=/fa=1T.

Let f be the optimal symmetric price that maximizes the CNP j’s profit
7§NE(f) when fi = fo = f. Then, f = argmax{(f — ¢)DuN* + (f —
q2) D21 N*}, where D;; are given by (8) and (9). Since N°* =1 — f/¢, and
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9Dy dD1; 9N Y 9Dy dD3; 9N Y
from (8) anfi 9), 57 = QNlj or = —54 and 5 = G- G- = 52
Then, f satisfies the following condition:

87TCNP
J — 0
0
f fi=fo=f

& Dy [1 _ (f —a) A (f —a)

1— (f — @) A (f — @)

PN 20 Dy

PN 20 Dy

=0.

+D2j

Now, let f be the optimal monopoly price maximizing the monopoly
profit for CNP 1, 7MNP(f) ie.,

f = argmax{(fy — q) DM N; + (fi — ¢2) DM N7}

Then,
O MCNP OHm NP
”5f1 =062 = 0. (34)
fi=fo=f

That is, the condition for optimal f is identical with the condition for the
symmetric solution f. Thus, the equilibrium symmetric fee f is the monopoly
price.

9.2 Proof of Proposition 2
From (13), by the Implicit Function Theorem,

6_; 9Dy
Di;(f — @) o

af 1 2<2>Di2j apl'
= 0; OD—_ij
apz - _SOCf _D—Z]<f - Q—Z) (25)1/)\71,]. - 2(})\D627ij o > 9 and (35)
0D1; A j OD2; £ j
Jra—pl_AJ1 + 5 A
of 1 1 MO
= — (D;;) | — ha :
dq; —-S0Cy (D) [¢Ns * 2¢Dij]
where
_[0Dy; ,;  ODoj ON ON
SOCf—[af A1+ af A2 + Dl‘]af +D2jaf .
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Since A = 0, and D;; = D in symmetric equilibrium, we can rewrite the
conditions as

2
of 1 NS

of _ oA d
op (800 oyt %) 16D 2| S0
of

D s b
aq = (_S—O()f)[O'f‘f‘O'f}>0,

where
ON ON
_SOCf = [Dlj af ng 8f (36)
— 2D 512 b2 A2
- (0% + ot [(Uf+‘7f> +(03)" + (0})" +—=5=| > 0. (37)
Thus,
s +
? = —% Lw %D] ——<0,ad  (33)
v (03 + 02 + (32 + (02 + 25
af 1 (ch+al})2 1
9 2 <3 (39)

2
(0 + 042 + (032 + (o) + 255

The regularity condition requires that (1 + A—i) > 0. Since

¢ Op
AOf| | L w{”w} <1
¢ 9p 2 [(a‘;} +04h)? + (03)? + 255 (1 + 2D>] 2

the condition is satisfied.
9.3 Fully covered market and Optimal zero access charge

1. If D;j is monoto\mcally 1ncreasmg in v, there exists a threshold acg()\ }) >
0 such that § = 0 when v—c > ——xg, and 0 < 0 < 1 whenv—c < ——l’g
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Suppose 6 = 0. In order to have 6 = 0, it must be that p = p = v—c+AN*.

Given that § = 0, D11 + Doy = D1s + Doy = %, the CNPs’ profit ft_mction is
NP = (f — q)N§, for any given ¢ > 0. Thus, the optimal f = (¢ +¢)/2 ,
Ny =1- %, and ON§ = U—lf = %. From (26), when 6 = 0, the optimal ¢
(0%)?

1
2 24 2227
2(03)*+75

satisfies 3(N§ — 495y — (), Since gi‘A = the condition can be
119=0

¢ Oq
rewritten as

. af 1 1(- 2 (0%)°
NS = — s — = — _— —_—
T 2<¢ v?) <2<a;>2+%
& 1—-6N; —4\3(N;)? = 0. (40)

Let ng = Nj(A) be the solution for N satisfying (40). Then, from (40),
ng < 1/6, and gy = ¢(1 — 2ng) > 2¢/3. Plugging this into the condition
for 6 = 0, we get pg = v — c + Mng. To make these prices optimal, it
must be that at these prices, the sign of (25) has to be negative. Since
af| N2 eng

oy~ Ty T AN
1 q O f
—(1—==)— N§) <0
2( ¢8p) (Po + qoNg)
1 )\no
Sp=v—c+Ing>=-—qno |1l — ———
Po 0 5 do 0( 4(1+)\2n3)>

- )\TLO

DN —

Thus,@infv—czé—xg,where

An?
4(1 + N*nd)

- (A+q?>(1—2n0) (1—ﬁ>)no>0

and Cfi—% > 0. If D;; is monotonically increasing in v, a lower v increases 6.

r9 = (A+q)no— qo

Thus, forv—c<%—x9,9>0.
2. If v — c and ¢ are small enough, the ISPs may optimally charge ¢* = 0.
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From (26), if @ = 0, it must be that ¢* > 0. Thus, ¢* = 0 can be optimal
only if § > 0. From (26), for ¢* = 0 to be optimal, it must be that

1 e N Of

Otherwise, ¢* > 0. From (25), when ¢ = 0, the optimal p satisfies (1 — 92) =
p(1+ 2091 ). Plugging this condition into (26), we get

¢ Op
oy AOf [ NOf
p[N“ Gop (d)@q)

N Of N Of
& N°? (1+33_p) < (?%)

or P
(3
dg;

q=0

<0 (41)

0N/ s
m = sl oy 2
- A0 Of s o8 i
(1+220) (5 +0%)2+ (o) + (1= 9250+ 1)

Since 0% = ﬁ, we can rewrite (42) as
| < j”/\?<‘7f+af?
(0F +0p)* + (03)* + (1 - )2¢D(1+2D)
N 52
& af)\2 (0% +04)" > (0} +0p)" + (ch)2 (1— 2)2;\221)(1 + 20_D043)
o @32 - oy + b 2 (03 (1 - §><a;>2+<1—§>2§D (44)

This condition is possible only if 0 is large enough, which occurs for a small
v —c. Also, it requires a large enough o%. This is possible if ¢ is small. Thus,
for small v — ¢ and ¢, it is possible that the ISPs optimally set the access
charges at zero.

9.4 Proof of Proposition 3

Letyp:<%—g)%:<%g—£)%>0and5—

> 0. From (29), when

alN$
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0> 0, the optimal p, satisfies

Claf GZD”
\I} — D _— NS =
> Dy ~5ap) T oy wetalN)=0

S pa(l1— ¢gf) = &p(pa + alN?)
& alN*(y, —&) = (& = )pa (45)
& v, =6+ (g, — 1)4. (46)

Equation (45) implies that v, > ¢, if and only if ¢, > 1. (deleted)
Similarly, let ¢, = —a(azD” )/ > Dij and v, = —(%¥)£. Then,

B ANIf\ a af

€q = (gb@a) —a ( 8a) and
B 10f [ Of

= () & =7 (o)

From (26), at the optimal ¢*, N — q(a—N) > 0. Thus, v, = —Q<%_];[>/N =

(;gﬁ;) < 1. Since for a < ¢*, N — a( ) > 0 from (26), v, < 1. From

(18), (p+aN*) = £(1 - %6—;;) = %(5—#%). Moreover, from (19), at a = ¢*,

Q

(1 —7,) —ea(l+6)=0. (47)
By the Implicit Function Theorem, 3 ﬁ (%—‘I'), where SOC,, < 0.

Hence, the sign of £ depends on the sign of 0¥ /da:

8\1!_82Dw aaf 10f
i S A )

a 32 3ZDU s ON 622Dij s
+2Dij ( d)(‘?p@a) i Op; lN (aa )} * W(pa+aN )

From (22) and (37), 8‘9; 6fa = 0. Then, collecting terms we get,

ov 9> Dy;/da ON*  [ON® N® + a(25)
- = Dz Y — &, _ " "\ Ofa/
da Z ‘7[ > D;; c Jp +(8p) €p<

p
ANOF\ [(NOf
* (‘2%) <¢ap) 2, O m)
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Dy;N* NN (04 7,)
= Z : [/Yp(l - 50) - 5]3(1 - r}/a) - 58(1] + qu/a L )
p p Ep

Plugging the conditions for v, €,, 7,, and ¢, from (46) and (47) and rear-
ranging terms, we get

OV Y DyN® N N2 (v, — 1)
— 2e,(1 — P
aa P (pr 5p( /Va) + 2D (gp - 1) prrYa )
where ((Z;’j)) = ((i:;/:; > 0. Thus, % > 0 if and only if
(7, — 1)
IYP (1 + KYq ( £ — 1) > 2613(1 - 7(1)7 (48)

AN

where r = 75—, This condition is more likely to hold if 7, and -, are large
for a given ¢,,.

9.5 Proof of Proposition 4
From (27), for a = ¢*, p = p*, and the optimal advertising fee f* satisfies

1—(f*—a) [05(f*) + o4(p*)] = 0. When a < ¢*, p = p, and the optimal f,
satisfies 1 — ( fa —a) [0%,(fa) + 04, (pa)] = 0. Evaluating the equation for f*
at f, and p,, we get —(a — ¢*) [J‘;}a + a’]’pa] > 0, which implies that f, < f*.

9.6 Proof of Proposition 5
For a given a, total welfare is calculated as

1
= /Q €d9+2Nb/(¢¢f)d¢—|—2 CNP+27TISP

?
= (1-0 +2N/
f

—2N°FN* 4+ 2(f — a)N°N* + 2N°(p + aN®) — 2C —

%\I%

¢
= (1—A2 +2Nb/fd¢+ 2Nbp — 20 —2F
[0) ——
Consumer Surplub ISPs’ membership revenues
CP s surplus

¢
—~ gb
= —6)2 +2N? Zd —2C —2F
(1-0)"+ /¢ o+p
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Thus

aw (¢ — f? o o dp fdf

- _[2(1—9)+29( 2% +p T +(1— ><da_gBda) (49)

) 1

Since gg jﬁ*’iiﬁ,and df—‘?—ﬁ—}—(a—ﬁ)%
dW dp MNdf ~2 (dp fdf
oA E 2D 1— > _ LY
da (da ¢ da + 9)<da o da (50)

—-(a+a-04) (35)-[a-a-P]E 6
% ﬁ) @) - % A-0-7)] 2
)

(53)

There are 2 cases to consider.

Case 1. ZZ > 0. In this case, £ = ZZ + ¢£ > 0 given that ﬁ > 0.
Thus, access regulation induces a greater consumer demand for the Internet

In this case, ¥ < 0 as well from (51) since [A - (1 —9 )] = (1-0)2+

20 < ® ¢ p) > (0. Therefore, a lower a improves total welfare unambigu-
ously.
Case 2. % < 0. In this case, consumer demand for the Internet may

¢ 40 dp+Al 1+ 290y 4 290 >

or may not increase given tha Sda = da( 2 ap) + 35 2

) ||

However, if it does, it means that v >0% ;\ng > ’—p . Therefore, from
(49), 4¥ < 0 because (A—l—(l—@ )§> >A—(1—9 ) > 0 and ’\df > |d§‘

Therefore, a lower a improves welfare.
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In summary, access regulation improves total welfare if it results in higher
consumer demand for the Internet.

9.7 Proof of Proposition 6

From the proof of Proposition 5, given that df >0, d;V > () is possible only

if 22 < 0and 2B < 0. Thus,ltmustbethatB— [A—(l—@ )+ <—> 2 <A+(1—§2)§>} >

Af\ A A—(1—9 )
0= ‘ ( 0p> ¢‘ < —<A+( 7 ) Slnce L < 0 is more likely to hold for a smaller

ion —pB < 0 can be easily satisfied for a small ‘g—ﬁ). When
d”B < 0, from (53),%% > 0 only if |%] > (A+(1—9 )X)%(%)/B &
X3(5%)

ERETER
small (6—p) and (a_{;)

, where X = (A + (1 - 0 )%) This condition holds for

9.8 Proof of Corollary 2

4V > 0 occurs when % < 0 and } 2| is large enough. From (48), & =L

becomes increasingly negative for a high €, and low ~, and low ~,,.
9.9 Proof of Corollary 3

1. From (27), for a = ¢*, the optimal advertising fees satisfy 1 — (f* —
a) [a? + a’ﬂ = 0. When a = 0, the optimal fy satisfies 1—(f) [O';N + JI}N} =
0. Evaluating the equation for f* at fy, we get a [O;N + O’l}N} > 0,
which implies that fy < f*.

2. From (29), at a = ¢*, the optimal p* satisfies

_ g _q_*g 6ZDU * *ATS\ _
—ZDw(l $3p>+ dp (p +QN)—0'

On the other hand, when a = 0, the optimal py satisfies

ZDU 8ZDU o=0

& glpy) =1 (54)
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Then, evaluating W, at py, we get

= sign¥i(pn) = sign(y,, —1).

Thus, if v, > 1, ¥1(px) > 0, which implies that py < p*. Otherwise,
pn >p*. I py < p*, since fy < f* A0 =0n— 0 = px —p* — A(Ny —
N*) < 0, and thus, consumer welfare increases and the profits for CPs
and CNPs increase. As a result, the total welfare improves.

Welfare decreases only if py > p*. If py > p*, given that fy < f*,
AO = Oy— 0 = py —p* — AM(Ny — N*) = 0. If AG > 0, consumer
welfare decreases. The total welfare decreases if Ap is large enough,
which holds for a small 7, .
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10 Technical Appendix

In this Appendix, we describe when the market is fully covered as a result of
regulation. First, we show that under access regualtion, if D;; is monotoni-
cally increasing in v, there exists a threshold z,()\, ¢) > 0 such that 0, =0
when v — ¢ > %—xa, and 0 < 9@ <1 Whenv—c<%—xa. We find that
the threshold for full market coverage is lower under regulation than without
regulation, i.e., z, > zg. Thus, we have four cases: (i) v — ¢ > 1 — zy, (ii)
2 — 2, <v—c<3—ap, or (ili) v — ¢ < 3 — z,. The main body text of this
paper focuses on the case (iii) where the market is not fully covered in either
under regulation or without regulation. Here, we provide welfare implication

of access regulation for the cases (i) and (ii).

10.1 Fully covered market under access regulation

As before regulation, we have two types of equilibria: when 0, = 0, and
when 0 < 6, < 1. The only difference is that the parameter ranges for the
two cases now depend on the level of regulated access charges a. If D;; is
monotonically i mcreasmg in v, there exists a threshold x,(A, gb) > 0 such that

:0Whenv—c> xa,and0<9 <1Whenv—c< Zq.

By construction, Ha =0, only if p, = ps = v —c+ AN;. From (27), when
6, =0, al} = 0, and thus, f, = a;“b. Then, we get n, = Ni(a) = % — 2%
Evaluating (29) at p, = pa, we get

ISP
on

Op;

1 a  An?,
= 5—(a+)\)nao+zm—(v—c). (55)

ain? A . .
Let z, = (a+ /\)nao — (ﬁ%) Ifvo—c> % — x4, then 6, = 0 is optimal,

while if v — ¢ < 1_ z,, then 6, > 0 is optimal.
Since a < ¢*, and d’; > 0 from Proposition 4, N; > N*, thus p, > p.
Since p, > p, (55) evaluated at p must be greater than (55) evaluated at pq.
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That is,

ISP
ons

1 An?
Op; h 5—(a+)\)nao+9 Tad

Pa . 41+ )\zngo)J
Qo  An? or 5P
L1+ A%2)

—(v=¢

1
< 5_((]0 + /\)TLQ +

N

~~
—Tg

Therefore, x, > xy.

10.2 Whenv—cz%—xg

In this case, access regulation improves total welfare. In this parameter
range, consumer demand for the internet is fully covered whether there is
access regulation or not. CPs’ profits improve unambiguously since the fees
are lower. Since f, = (¢ +a)/2 < (¢ + qo)/2 = fo, the total CPs’ surplus is

@ @
(¢ — fa) (¢ — fo) (fo+ fa)
[ - e ag— - gy (1- L) o0
fa fo
There are more CPs and each of them enjoys higher profits than before.
Consumer 7’ welfare u = 6 —p+ (v — ¢ + AN?®) = 0 is unaffected since there
is no change in the participating consumers and the increase in network
externality is offset by an increase in the Internet connection price they pay.
CNPs’ profits stay the same since the profits are

CNP s s 1
— N — = N —_— ==
“ 3o = a0)Ns 25N; 0 25
1 11 11
CNP s s
T = - a aN — = N — =
o 3o = 4a) N 20N ¢ 26

before and after regulation, respectively.

ISPs’ profits may not decrease if a is not too low. Since p, = v—c+An, >
v — ¢+ Ang = po, ISPs’ profits from consumer internet subscription increase
as a result of a higher consumer price. Access revenues increase as well if the
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regulated access a is not much lower than gq.

miot — Wésp = %(pa +an,) — %(po + qono)
_ (fO + fa) 3&5
- <f 0 J) ( 20 20 ) |

Since fy = ¢(1—ng) > 56/6,if ¢/2 < a < qo, fo > 3¢/4, and 2(fo+ f.)—3p >
0, and thus, ISPs’ profits increases as a result of access regulation as well.
Even if access revenues decrease as a result of low a, ISPs’ profits increase as
a result of regulation if A > 3¢ — 2(fo+ f,). This is because access regualtion
induces greater participation of CPs, which increases transaction volume and
thus, access revenues for the ISPs increase. While the level of access charges
at a that permits higher profits is available for unregualted ISPs, ISPs are
unable to commit to it due to the competition within the ISPs. This shows
that there is inefficiency in the market, and access regulation can improve
welfare by removing the inefficiency.

Even if ISPs’ profits decrease, the total welfare improves as a result of
regulation in this region.

(fo—fa)( M>>O

2¢ 2¢
since fo > 5¢/6, f, > ¢/2 for any a > 0, and (fo + fa) > ¢ .

10.3 When%—xagv—c<%—x9

In this case, access regulation induces a fully covered market while without
regulation, the market demand for the Internet is not fully covered. Thus,
consumer welfare is higher under regulation. Since 8, =0, p, = v — c+ An,
and without regulation, 6 > 0, and thus, p* > v — ¢+ AN?®. The equilibrium
Internet price may or may not be lower under regulation. However, as Af =
,— 0 = Ap — MAN?® < 0, even if the price increases, the increase is not as
large as the increase in network externality in this region.

Since f, < f*, n, > N?®. Since consumer demand is higher under regu-
lation and CPs’ profits improve as a result of regulation, the overall welfare
effect is straightforward from Proposition 5.
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