View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Harvard University - DASH

DIGITAL ACCESS TO
SCHOLARSHIP AT HARVARD

iy D A
. S H

Level of Access and Competition in Broadband Markets

The Harvard community has made this article openly available.
Please share how this access benefits you. Your story matters.

Bourreau, Marc, and Pinar Dogan. 2010. Level of Accessand
Competition in Broadband Markets. HKS Faculty Research
Working Paper Series, RWP10-006, John F. Kennedy School of
Government, Harvard University.

Published Version  http://web.hks.harvard.edu/publications/workingpapers/citation.as
pX?PUbld=7105

Accessed February 18, 2015 9:45:35 PM EST

Citable Link http://nrs.harvard.edu/urn-3:HUL .InstRepos. 4454152

Terms of Use This article was downloaded from Harvard University's DASH
repository, and is made available under the terms and conditions
applicable to Other Posted Material, as set forth at
http://nrs.harvard.edu/urn-3:HUL .l nstRepos:dash.current.terms-of -
use#rLAA

(Article begins on next page)


https://core.ac.uk/display/28934261?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://osc.hul.harvard.edu/dash/open-access-feedback?handle=1/4454152&title=Level+of+Access+and+Competition+in+Broadband+Markets
http://web.hks.harvard.edu/publications/workingpapers/citation.aspx?PubId=7105
http://web.hks.harvard.edu/publications/workingpapers/citation.aspx?PubId=7105
http://nrs.harvard.edu/urn-3:HUL.InstRepos:4454152
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA
http://nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-of-use#LAA

— HARVARD Kennedy School

= JOHNF.KENNEDYSCHOOLOFGOVERNMENT

Level of Access and Competition

INn Broadband Markets
Faculty Research Working Paper Series

Marc Bourreau
Institut Telecom and CREST-LEI

Pinar Dogan

Harvard Kennedy School

February 2010
RWP10-006

The views expressed in the HKS Faculty Research Working Paper
Series are those of the author(s) and do not necessarily reflect those of
the John F. Kennedy School of Government or of Harvard University.
Faculty Research Working Papers have not undergone formal review and
approval. Such papers are included in this series to elicit feedback and
to encourage debate on important public policy challenges. Copyright
belongs to the author(s). Papers may be downloaded for personal use
only.
www.hks.harvard.edu



Level of Access and Competition in Broadband Markets*

Marc Bourreau'and Pinar Dogan?

February, 2010

Abstract

In this paper, we consider an unregulated incumbent who owns a broadband infrastructure
and decides on how much access to provide to a potential entrant. The level of access, i.e., the
network elements that are shared in the provision of competing broadband services, not only
determines the amount of investment the entrant needs to undertake to enter the market, but
also the intensity of post-entry competition. We consider an access scheme that determines an
access level and an associated two-part tariff. We show that the equilibrium level of access is
higher when the sensitivity of product differentiation to the level of access is lower, and when
the marginal investment cost is higher. We also show that the unregulated incumbent sets a
suboptimally low (high) level of access if the degree of service differentiation is sufficiently high

(low).

Keywords: Infrastructure Sharing; Access; Telecommunications.

1 Introduction

Regulation of access is crucial for fostering competition in the broadband market; the incumbent

firms are the monopolist providers of an essential input—access to network elements, including the

*Financial support from France Telecom is gratefully acknowledged. We also thank Katie Naeve for her editorial
assistance.

fInstitut Telecom, Telecom ParisTech, Paris, France, and CREST-LEI. E-mail: marc.bourreau@telecom-
paristech.fr.

tHarvard Kennedy School, Harvard University. E-mail: pinar dogan@hks.harvard.edu.



local loop—and are by and large vertically integrated to the downstream market. Regulating one-
way access involves determining (i) the mandatory access level (i.e., the network elements that are
subject to mandatory access), and (ii) the access price scheme.

The latter task—determining the optimal access price for a given level of access—has received a

great deal of attention both in the theoretical literature and in the policy arena.!

More recently,
a number of studies have focused on the effect of access prices on the incumbent firms’ incentives
to invest,? while a number of others have focused on its potential effect on build-or-buy decisions
of the entrant firms.? A series of complementing studies look at the empirical relationship between
access obligations (or access prices) and investment in the broadband market.*

In contrast with the regulation of access prices, the theoretical literature provides little guidance
to regulation of the access level, despite its highlighted importance in the "ladder of investment"
approach introduced by Cave (2006), which has been embraced by many national regulatory au-
thorities. According to this approach, regulation of the access level (as well as access prices) can
play a fundamental role in shaping competition in the longer-term: setting the access level "right"
can promote facility-based competition, which is often viewed as the ultimate aim in the broadband
sector.” Note that, however, regulation of the access level is critical even in the absence of any
dynamic efficiency concerns due to its shorter-term impact on competition, i.e., static efficiency.

In this paper, we focus on the impact of the level of access on competition in the broadband
market. More specifically, we compare an unregulated incumbent’s incentives for infrastructure
sharing with the social optimum in the absence of any dynamic efficiency concerns.

We consider an unregulated incumbent who sets the level of access to its broadband infrastruc-
ture for a potential entrant, who initially does not own any network infrastructure. The incumbent
can provide access to its network at several different levels. At the one extreme, the incumbent can
refuse provide access to its infrastructure, which leaves full network duplication as the only means
of entry into the market. At the other extreme, the entrant can rely solely on the incumbent’s

infrastructure to provide its services. For example, a pure resale arrangement requires full access

'See Vogelsang (2003), Armstrong (2002), and Laffont and Tirole (2000) for comprehensive reviews on access
pricing policies in the telecommunications industry.

?See, for example, Jorde et al. (2000) and Vareda (2007).

3See, for example, Bourreau and Dogan (2005) and (2006), Sappington (2006), Gayle and Weisman (2007), and
Avenali et al (2010).

*See, for example, Crandall et al. (2004), Waverman et al. (2007), Friederiszick et al (2008), and Wallsten and
Hausladen (2009). Also, see Cambini and Jiang (2009) for a review of both theoretical and empirical literature on
access regulation and investment in broadband markets.

’See Bourreau et al (2009) for a critical review of the ladder of investment approach.



to the incumbent’s infrastructure. In between these two extreme cases, access to network elements
is possible at several different levels and we consider a continuum of them.® A lower level of access
to the infrastructure refers to fewer network elements that are shared between the incumbent and
the entrant. In the ladder of investment jargon, this is a higher "rung" on the investment ladder,
as it requires a heavy investment for the entrant.

Several economic factors are likely to impact an unregulated incumbent’s decision on the level
of access it provides to the entrant firms.” Those we explicitly consider in this paper are: the
economic feasibility of bypass; the cost of investing in different network elements; the efficiency of
the entrant firm in providing broadband services; the intensity of potential competition (and how
it varies at different levels of access).

We assume that different levels of access not only require the entrant to undertake different levels
of investment, but also may lead to different intensities in post-entry competition. More specifically,
we assume that a higher (lower) level of access—that is, more (less) infrastructure sharing—leads to
a lower (higher) degree of differentiation in broadband services.

We show that the equilibrium level of access is higher when the sensitivity of product differen-
tiation to the level of access is lower, and when the marginal investment cost is higher. We also
show that the unregulated incumbent sets a suboptimally low (high) level of access if the degree of
service differentiation is sufficiently high (low).

The paper is organized as follows. In Section 2, we lay out our benchmark model in an unregu-
lated environment where the full by-pass of the incumbent’s infrastructure is economically viable.
In Section 3, we characterize the equilibrium access scheme, and we compare it with the social op-
timum in Section 4. In Section 5, we extend our basic model in various directions and discuss the
validity of our results (i) in the absence of a full-bypass option, (ii) with asymmetric firms (in terms
of efficiency in providing broadband services), (iii) with different modes of competition (Cournot
versus Bertrand competition), and (iv) with multiple entrants in a regulated environment. Then,

we conclude.

6See, for example, Cave (2006) who ranks the network elements for broadband access with the order of relative
replicability—the copper loop, DSLAMSs, backhaul, core IP network, access to the web, and resale.
"There may also be some technological or technical constraints, which we do not consider in this paper.



2 The Benchmark Model

We consider an unregulated incumbent (Firm 1) and a potential entrant (Firm 2). The incumbent’s
broadband infrastructure is composed of a continuum of network elements.

The incumbent decides to provide access to o € [0, 1] network elements of its infrastructure to
the potential entrant. We will refer to « as the level of access. If @ = 0, the incumbent denies
access to its infrastructure and the entrant’s sole possibility to enter in the market is by building
its own infrastructure.

If & = 1, the incumbent provides full access (i.e., resale of broadband services). Any inter-
mediary level of o € (0,1) refers to an access arrangement with which the incumbent provides
access to some-but not all network elements.® If the entrant obtains access at a level a of the
incumbent’s infrastructure, it builds the remaining (1 — ) network elements that are necessary to
provide broadband services.

We assume that the marginal cost of providing access at any level is constant, and we normalize

it to zero.

Consumers Following Dixit (1979) and Singh and Vives (1984), we consider a representative

consumer with a utility function

1

Ul(q1,q2) = aq1 + agz — 3 [(Q1)2 + (@)’ +2(1—s) Q1Q2] ,

where ¢; and g9 denote the quantity of the incumbent and the entrant, respectively, and s denotes
the degree of service differentiation, with s € [s,3], s € [0,5) and 5 < 1. The inverse demand is

then

pi=a—q — (1-s)gj,

where p; denotes the price of firm 4, with 4,5 = 1,2 and i # j.

Service differentiation The degree of service differentiation depends on the level of access, i.e.,
s = s(a). We assume that s (1) = s and s(0) =3, and that Js () /0a < 0, that is, the degree of

service differentiation decreases with the level of access to the incumbent’s infrastructure.

8This is in line with Guthrie (2006), who argues that between the two extreme cases —pure service-based competi-
tion and pure facility-based competition—there is a continuum of cases in which the entrant relies on the incumbent’s
infrastructure.



This is a key assumption in our model: once the level of access is set, the degree of differentiation
is determined exogenously. In reality, firms can invest in service differentiation for any given level
of access. However, at least in some cases such investments are limited by the access structure.
For example, entrant firms can provide television services over DSL if they have an ULL access
(relatively low a), whereas they might not be able to do so if they have a bitstream access (relatively
high «). Also, entrant firms cannot provide some services—such as VoIP—if they have a pure DSL

resale arrangement with the incumbent (o = 1).

Cost of entry If the incumbent provides access to its infrastructure at a level «, it sets an access
tariff, T = rq2 + f, where 7 > 0 and f > 0 denote the per-unit access price and the fixed access
fee, respectively. The access tariff may take three forms: a fixed fee (r = 0, f > 0), a linear tariff
(r>0, f=0), or a two-part tariff (r > 0, f > 0).

If the entrant obtains access from the incumbent, it pays 1" and invests in the remaining network
elements, which entails a cost denoted by d(«). We assume that dd/0a < 0, that is, the higher
the level of access, the lower the investment required to provide broadband services.”

In the broadband market, this assumption translates to the following. The level of investment
the entrant needs to undertake to enter the broadband market is the highest when it builds its own
infrastructure (o = 0), and it is the lowest when it solely relies on the incumbent’s infrastructure
to provide its services, e.g., with a pure resale arrangement (o = 1). Entry with bitstream access,
which implies @ < 1 in our setting, involves a higher entry cost (as it requires an investment in
an IP network) than entry with a pure resale arrangement, whereas entry with an access to the
unbundled local loop is more costly than entry with bitstream access (as it requires the entrant to
install its own DSLAMs on top of an IP network).

If the entrant decides to build its own infrastructure, it invests d(0). Notice that we do not
assume any economies or diseconomies of scope in investing in network elements;'? the cost of
building the initial o network elements, (d(0) — d(«)), plus the cost of building the remaining
network elements, d («), is equal to the cost of building the entire infrastructure, d (0).

We also assume profit and welfare functions are concave in a.

Below, we list the remaining assumptions of our benchmark model, each of which are relaxed

9This is consistent with the "Ladder of Investment" approach introduced by Martin Cave. See for example, Cave
(2006).

90ur informal exchange with an incumbent operator confirms that there are no significant economies of scope in
investing in broadband network elements.



in Section 5:

i. full-bypass of the incumbent’s network is economically feasible,

ii. for any given level of access, the incumbent and the entrant firms have a symmetric marginal

cost of providing broadband services, ¢, and
iii. firms compete with prices.

In Section 5 we also study the case with multiple entrants in a regulated environment.

The timing The timing of the game is as follows. The incumbent decides on the access scheme
{a, T}, that is, it sets the access level, o, and the access tariff, T.!! Then, the entrant decides
whether or not to obtain access to the incumbent’s infrastructure. If the entrant obtains access,
it invests in the remaining network elements, (1 — «), necessary for providing broadband services.
If it does not obtain any access, it invests d (0) and builds its own infrastructure. Finally, firms

compete, and profits are realized.

3 Equilibrium

We look for the subgame perfect equilibrium of this game, and hence, start with the last stage of

the game and proceed backwards.

Competition (Stage 3) Let II; denote the profit of firm ¢, with ¢ = 1,2, when the entrant
obtains access with the scheme {«,T}. In equilibrium, the incumbent and the entrant obtain
I (e, 7, f) =71 (s (@) ,r)+f and TIa (e, 7, f) = w2 (s () ,7) — f, respectively, where the expressions
for w1 and 79 can be found in Appendix A.

Let II; denote the profit of firm ¢, when there is full-bypass. Then, firms obtain II; = 7 (3) and

Ty = 7 (3) — d(0), with
(a—c)*s

Full-bypass is viable if and only if IIs > 0, which we assume is the case in the benchmark model.

"Note that, at this initial stage, the incumbent decides whether or not to provide any access, since it can decide
to set a = 0, i.e., refuse to deal with the entrant.



Entrant’s decision to obtain access (Stage 2) The entrant obtains access if and only if

Iy (a,r, f) > Ilo, which can be rewritten as f < ® (r), with
®(r) =m2(s(a),r) —d(a) — (7 (5) — d(0)).

Equilibrium access scheme {«,T} (Stage 1) We first determine the optimal access tariff
T for a given «, and then, determine the optimal « for the incumbent.
For a given «, the problem of the incumbent is:

max II; (a, 7, f) :mé}x{ﬁl (s(a),r)+ f}

Ty T,

subject to

f<o(r) (C1)

and

F>0. (C2)

The first constraint puts an upper bound to the per-unit access price, whereas the second excludes
subsidized entry. We find that 72 (s («), ) is strictly decreasing with r, and that there exists a
unique 7 («) such that ® (7) = 0, and such that for all » > 7 (a) we have ® (r) < 0. That is, if
r > T (a), the constraints (C1) and (C2) cannot be satisfied simultaneously. We find that

ray_ 8= Bs(@) | B s@) (s (@) VA@) T (E —d0)
2(2—-s() 2\/3 (@) (2 —s(a))
The first term represents the threshold unit access charge above which ¢o < 0, which implies that
for all r < 7 (c), we have g > 0 as the second term is positive.
Let 7 («v) denote the unconstrained per-unit access price, that is, the per-unit access price that

maximizes II; («,r, f) when (C1) is binding. We find that

(a—c)(1=s(a)B - 5(04))2'

rle) = 2 (9 —10s(a) + 5 (s (a))2)

Note that 7 can be either higher or lower than 7; therefore, the incumbent may not be able to
charge 7 in equilibrium. If 7 > 7, then the incumbent sets T as the per-unit access price and f = 0.

Finally, let V' denote for value of full-bypass to the entrant, i.e., V = 7 (5) —d (0). The following



Proposition characterizes the equilibrium access tariff.

Proposition 1 For a given level of access a € [0,1], if s (o) = 1, then T* = f*, with f* = ®(0),
and if s (o) < 1, then

(i) T* = r*qe + f*, with r* =7, and f* = ®(7), if V is sufficiently low, and
(ii) T* = r*qq, with r* =T, otherwise.

Proof. See Appendix B. m

For a given level of access, if the demand for the services of the incumbent and the entrant are
independent (i.e., s(a) = 1), the equilibrium access tariff is characterized with a fixed fee. That
is, the incumbent sets a zero per-unit price to maximize the entrant’s gross profit, and extracts it
with the appropriate fixed fee.!?

If the demand for services of the two firms are not independent (i.e., s (a) < 1), depending on
the value of the full-bypass, V', the equilibrium access tariff can be either a linear, or a two-part
tariff. When the value of full-bypass is sufficiently high, we have 7 > 7 («), which means that the
incumbent cannot set 7 and simultaneously satisfy constraints (C1) and (C2). The equilibrium
access tariff is, hence, linear. Otherwise, the equilibrium tariff has two-parts. Since the equilibrium

access tariff can take one of the two forms, below we discuss the properties of each of them separately.

Two-part access tariff in equilibrium

If the value of full bypass, V, is sufficiently low, then the equilibrium tariff is characterized with
a two-part tariff; 7% = r*qo + f*, with 7* = 7. A per-unit access price increases the perceived

marginal cost of the entrant and therefore enables the incumbent to compete less aggressively.

Lemma 1 When the equilibrium is characterized with a two-part tariff, the per-unit access price

is increasing with the level of access.

Proof. We have 0r/0s < 0, and hence, 07/da > 0 for all «. m
If the value of full-bypass is sufficiently low, the per-unit access price is higher for a higher

level of access. Note that this result neither relates to the investment cost of the entrant, d(«),

12Note that, this is unlikely to be the case in the broadband market, where the services provided by different firms
are viewed as substitutes at least to some extent. Therefore, we will not consider this special case is the remaining
of this paper.



as it is internalized through the fixed fee, nor does it relate to the marginal cost of access, which
is normalized to zero. The access price is increasing with « for purely strategic reasons, and not
for cost reasons: the per-unit price serves as a means to soften competition, and the intensity
of competition depends on the level of access since it determines the degree of differentiation.
If the level of access is high (low), differentiation in services is low (high), and the incumbent’s
opportunity cost of expanding its retail sales is high (low) as the competing services are viewed as

strong substitutes by the consumers.

Linear access tariff in equilibrium

If the value of full bypass, V, is sufficiently high, the incumbent sets a linear access price, T* = r*q¢o,

with r* =7.

Lemma 2 When the equilibrium is characterized with a linear tariff, the per-unit access price can

increase or decrease with the level of access.

Proof. We have

o a—c +(1—s)(52—25+3)\/7r(§)—d(0)—|—d(a) s

o 2(2—s)? (s(2 — 5))%/? da
Ll (1+5)(3—5) ]%.
4y/7(3) —d(0) + d(a)y/s (2 —s) | Oa

The first term is negative as the term in brackets is positive and ds/da < 0, whereas the second
term is positive as the term in brackets is negative and 9d/0a < 0. Therefore, 7 (o) can either
increase or decrease with a. If ds/0a is small in absolute terms, then 7 () tends to increase with
a. Whereas, if dd/Ja is small in absolute terms, then 7 («) tends to decrease with o. m

If the value of full-bypass is sufficiently high, then the equilibrium tariff does not have a fixed
component, which means that the incumbent cannot fully internalize the impact of the level of
access on the development cost. The level of access affects the linear access price in the following
way: a marginal increase in the level of access implies a lower development cost for the entrant,
which in turn lowers the rents the incumbent needs to give away to ensure that the entrant does
not opt for full-bypass. Since in the absence of a fixed component these rents are purely determined
by the per-unit access price, this implies a higher per-unit access price in equilibrium.

On the other hand, a higher level of access implies a more intense competition due to a lower

degree of differentiation. For this reason, everything else equal, full-bypass becomes a relatively



more attractive option to the entrant, which means that the incumbent needs to give up some rents
(to keep the entrant relying on its infrastructure) by charging a lower per-unit access price. Note
that the impact of the level of access on the per-unit access price we have discussed under the

two-part tariff is also present in this case. However, it is dominated by the former effect.

The equilibrium level of access

The optimal level of access is defined by

o = arg max Il (o, r" (), f* (a)) .
a€[0,1]

Since the value of the outside option determines the structure of the access tariff, which in turn
affects the equilibrium access level, we discuss the two cases—equilibrium with a two-part tariff and
equilibrium with a linear tariff-separately.

First, consider the case where the value of full-bypass is sufficiently low so that the equilibrium
access schedule is a two-part tariff and that the equilibrium unit price is characterized by 7. Then,
assuming an interior solution, the first-order condition of the incumbent’s problem can be written
as

8(7r1+7r2)§_@:0' (1)

0s Ja  Oa

The level of access has two opposite effects on the industry profits. The first term in equation (1)
is negative as a higher level of access implies a lower degree of differentiation, which hurts industry
profits. A higher "market value" (a higher a — ¢) implies that this first term is higher in absolute
terms (as the industry profits are increasing with the market value), and hence, the equilibrium
access level tends to be lower. The second term corresponds to the marginal investment cost, and
it is positive since 9d/da < 0. Therefore, a higher marginal investment cost, dd/d«, in absolute
terms, leads the incumbent to set a higher level of access. In other words, if the entrant’s investment
cost exhibits a greater sensitivity to the level of access, then the equilibrium level of access tends
to be high, simply because the incumbent has to compensate the entrant for its investment cost by
charging a lower fixed fee.

The following Proposition summarizes these findings.
Proposition 2 The equilibrium level of access is higher when

(i) the sensitivity of product differentiation to the level of access (|0s/dal) is lower, and

10



(it) the marginal investment cost (|0d/0«l) is higher.

Proof. Immediate from equation (1) and our assumption on concavity. m

Now, consider the case where the value of the full-bypass is sufficiently high so that the equi-
librium access schedule is a linear tariff and that the equilibrium unit price is characterized by 7.
Then, the first-order condition can be written as

(2)

omos om (oros orod)
0s Oa ~ Or \9sda  90doa)

One can show that 71 has an inverted U-shape with respect to s; it increases with low values
of s and then decreases with higher values of s. Therefore, the first term can either be negative
or positive. One can also show that the second term can be either negative or positive. This is
because as Lemma 2 shows, the term in parenthesis can either be negative or positive, and this is
also true for 0wy /0r.

Since it is not possible to characterize the equilibrium level of access in this case, we now revert

to numerical simulations.

A numerical example

We adopt the following functional form for the differentiation function s (a) = as+ (1 — @) s, which
satisfies our assumption 9s (a) /0a < 0. We assume that d (o) =6 (1 — al/Q), which implies that
the development cost decreases with the level of access. We set ¢ = 2 and ¢ = 0.

We run our simulations for {s,5} € {0.1,0.2,...,0.6} x {s+0.1,s+0.2...,0.9} and § €
{0,0.01,..., TI(1)}. Note that, within this parameter range, full-bypass can be a viable option or
not.'3 Also, the equilibrium tariff structure is linear for 80 per cent of the cases, when full-bypass is
viable. Our simulations show that the findings of Proposition 2 hold when the equilibrium tariff is
linear. That is, the equilibrium access level is higher when the sensitivity of product differentiation

to the level of access is lower, and when the marginal investment cost is higher.'

13In 62 per cent of the cases, full-bypass is viable.

"We have |0s/0a| = 5 — s and |0d/da| increasing with &. In order to verify part (i) of Proposition 2, we fix s, and
test if a marginal increase in S (by a step of 0.01) leads to an increase in a*. To verify part (ii), we test whether a
marginal increase in § (by a step of 0.01) leads to an increase in a*.

11



4 Socially optimal level of access

In this section, we assume that both the access price and the access level is subject to regulation,
and we characterize the socially optimal access schedule.

The social welfare is defined as the sum of industry profits and consumer surplus. Let w = C'S+
71472, where C'S denotes the consumer surplus, which is given by C'S = ((q1)*+(g2)?+2 (1 — 5))/2.
The social welfare is then given by W = w — d («).

Let " and T" = r%qy + f* denote the socially optimal access level and tariff, respectively.
Note that the fixed fee, f, has a neutral effect on social welfare, as it is a pure transfer from the

entrant to the incumbent.
Lemma 3 For a given «, the optimal access tariff is characterized by a zero per-unit access price.

Proof. We have
PW  — (55> —10s+9)

orr (3-9)"(1+5)"

for all s, and
Wl _-B-s) -0
or |,_g (5s>—10s+9)

<0,

therefore, W is decreasing with r which implies that the optimal per-unit price is 7 =0. =
Given that r = 0, the regulator chooses « so as to maximize w (s («),0) —d (). In comparing
the socially optimal level of access with the equilibrium level of access in the unregulated environ-
ment, we focus our attention to the range of parameters for which the equilibrium tariff schedule
is two-part, i.e., T* =7 (a) g2 + ® (7). To study the case when the equilibrium tariff is linear, i.e.,
T* =7 (a) g2, we revert to numerical simulations as it is not possible to provide analytical results.

The problem of the incumbent is to choose « so as to maximize 71 (s (), 7* (s (@)))+7m2 (s () , 7" (s (a)))—

d (). Given our assumption on concavity of W and II;, the incumbent sets too low an « if

O (m (s(a), 1" (s () + 72 (s (@), " (s () _ Ow
Oa oo’

and too high an o otherwise. This condition is equivalent to

O(m1 (s, (s)) + M2 (5,77 (5)) _ Ow
0s 0s’

given that ds/da < 0.

12



Proposition 3 The equilibrium level of access is suboptimally low if s (a*) is sufficiently high, and

suboptimally high otherwise.

Proof. See Appendix C. m

We find that o* < ¥ if s (a*) > 0.306 and a* > ¥ otherwise.!® If s (a*) is sufficiently high,
then by offering a lower level of access, an unregulated incumbent limits the adverse effect of a
lower degree of differentiation on its profit. Otherwise, it prefers to set a higher level of access that
enables it to extract a higher rent from the entrant.

For the cases in which the equilibrium tariff is linear, we cannot provide analytical results.
However, using the specifications provided in Section 3, we ran simulations and verified that the
equilibrium level of access is suboptimally low for high values of s (a*), and is suboptimally high

otherwise.16

5 Extensions

In this section we discuss how our main results are modified when we relax some of the assumptions

we have made in the benchmark model.

5.1 No full-bypass option for the entrant

The major policy justification for access regulation is that competition may not viable without the
entrants’ access to the incumbent’s infrastructure in reasonable terms, and that an unregulated
incumbent may not have incentives to open its infrastructure to its competitors in the absence
of regulation. The implicit assumption is that pure facility-based competition (i.e., full-bypass)
is economically not feasible, or is very limited. In this paper, we assumed that full-bypass was
indeed an option-yet an expensive one-for the entrant (i.e., Il > 0), and studied the incumbent’s
incentives when it sets the access scheme and showed that the equilibrium per-unit access charge
is either 7 or 7 in this case.

Let 7 denote the threshold per-unit access charge, above which 73 (s (a),7) — d (@) is negative.
Since T represents the same threshold for 72 (s («) ,7)—d (o) =V, and since d72 (s («) ,7) /Or < 0,we

have 7 > 7. Similarly to our benchmark analysis, one can show that when full-bypass is not feasible,

15This implies that if s > 0.306, then a* < o always.

"5For the entire range of parameter values (which includes both linear and two-part tariff structures) the average
s (a*) when the equilibrium level of access is suboptimally high is 0.13, whereas when the equilibrium level of access
is suboptimally low, it is 0.63.
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the equilibrium per-unit access charge is either 7 or 7. Since T > 7, whenever the per-unit access
charge is determined by 7 (with the outside option), the same access price would apply in the
absence of the outside option. Moreover, in such cases, the access level set by the incumbent (given
that it does not deny access) would be the same as in our benchmark model. This is simply because
the entrant’s opportunity cost of obtaining access from the incumbent (i.e., V) does not depend
on the level of access when 77 < 7, and hence, the optimal access level is the same regardless of the
presence of an outside option. (See Appendix D.)

However, in other cases (i.e., if 7 <7 < T or 7 > T), this is no longer true. For a given level
of access, the incumbent sets a higher per-unit price when the entrant has no outside option than
when it has one, as 7 > 7 implies min {?,%} > 7. Therefore, the equilibrium level of access might
be different with the full-bypass option and with no full-bypass option.

Finally, we ran our simulations with the same functional forms and parameter values specified
in Section 3 to test whether there is foreclosure in equilibrium when full-bypass is not viable. Our
simulations confirm that there is no foreclosure in equilibrium. This is because, with a two-part
tariff schedule the incumbent—at the worse—can replicate the monopoly profits. Our simulations

show that this is also true when the equilibrium tariff is linear.'”

5.2 Asymmetric marginal costs

In this section, we assume that the incumbent’s downstream marginal cost for providing broadband
services is equal to ¢ and that the entrant’s marginal cost is equal to ¢ + 6, where 6 can be either
positive or negative.

If the equilibrium tariff schedule is two-part, one can show that the per-unit access price is
decreasing with 0. That is, the incumbent provides access at a lower unit-price to a relatively less
efficient entrant.

If the incumbent provides access to a level a of its infrastructure and charges 7, the marginal
effect of o on IT; () is given by equation (1). Since ds/da is negative and d(m; +m2)/0s is positive,
then the higher d(m1 +m2)/ds, the greater o* is. We find that 0?(m1 +m2)/0s00 < 0, which implies
that the industry profits become less sensitive to product differentiation when the entrant’s cost
inefficiency (6) increases for a given c¢. The reason is that any efficiency difference between the

incumbent and the entrant mitigates the effect of product differentiation which is determined by

"Note that, we do not restrict the tariff schedule to be linear or fixed, in which cases one could observe foreclosure.
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the incumbent’s access strategy. Hence, the incumbent provides access at a higher level when the

entrant is less efficient.

Proposition 4 The larger the entrant’s cost inefficiency (relative to the incumbent), 0, the higher

the level of access, .

Proof. See Appendix E. =
For the cases where the equilibrium tariff is linear, using the same functional specifications and
parameter values, we ran simulations and verified that a marginal increase in the entrant’s marginal

cost leads to a higher equilibrium level of access.'®

5.3 Cournot competition

In this section, we compare our results of the benchmark model to those that would be obtained
under Cournot competition. When the equilibrium is characterized with a two-part tariff, we find
that the per-unit access price under Cournot competition is

o_(a—c(1-5)(1+s)
2(1+6s—3s2)

For a given s, the per-unit price is lower under Cournot competition than under Bertrand compe-
tition. The intuition follows that of Arya et al. (2008); under Bertrand competition, the per-unit
price serves as a commitment to compete softly, but this commitment does not work under Cournot
competition.

Let 775 and TriC denote the equilibrium profit of firm ¢ under Bertrand competition and Cournot
competition, respectively. Assume that Iy is concave in «. If the equilibrium under both Bertrand
and Cournot competition is characterized by a two-part tariff, then the equilibrium access level is

higher under Cournot competition than under Bertrand competition if

0 (nf +75) - 9 (nf (5,7 () + 75 (5,7 ()))
0s 0s ’

The following proposition shows that this is true only for low degrees of differentiation.

Proposition 5 The equilibrium level of access is higher under Cournot competition than under

Bertrand competition if s(a*) < 0.175 and is lower otherwise.

8From our benchmark case with symmetric marginal costs, we tested if a marginal increase in the entrant’s
marginal cost (with a step of 107%) leads to a higher o*.
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Proof. We find that
0 (71'? —|-7Tg) B 0 (WF +7r’29)

Js 0s

has the sign of 155° — 67s* +110s® — 5452 — 455 +9. This polynomial is decreasing in s for s € [0, 1],
is negative for s < 0.175 and is positive otherwise. Therefore, the equilibrium level of access is
higher under Cournot for s < 0.175 and is lower otherwise. m

The per-unit access price serves as a better commitment device to soften competition under
Bertrand than under Cournot competition. Nevertheless, the profits under Cournot competition

are less sensitive to differentiation than they are under Bertrand competition.

5.4 Cost-based access regulation and free entry (or multiple entrants)

In the broadband telecommunications market, the conventional wisdom is that a higher level of
access (e.g., pure resale) would result in a higher number of entrant firms. In this section, we extend
our analysis to multiple entrants, and while doing so, we assume that the access to the incumbent’s
infrastructure is subject to cost-based regulation ("= 0). We compute the free entry equilibrium,
and compare how the number of entrant firms change with the access level set by the incumbent.
We consider N > 1 symmetric entrants,!? which means that together with the incumbent N + 1

firms compete in the market, each of which earn a gross profit of

(a—c)*[N—=(N—1)s]s
[N—(N—-2)s*(N+1—Ns)

m(N,s) =

Given that access is provided at level «, each entrant makes a net profit of 7 (N, s () — d (o). We

have
o (N, s)
ON

1—5)(2N (1 —8)+1+3s) N + 25>
[N — (N =2)s]> (N +1—Ns)?

:—(1—3)(a—c)2s( <0,

and hence, the net profit of each firm decreases as the number of entrants increases. Therefore,
in the free entry equilibrium, the number of entrants, N*, is the maximum integer N such that

m(N,s(a)) > d(a). Ignoring the integer problem, we define the equilibrium number of entrants by

19Tn this section, we only consider symmetric entrants. With asymmetric entrants different strategic concerns may
arise. For example, an unregulated incumbent could adopt an exclusive access strategy and provide a higher level of
access than it would provide under non-exclusivity, and deter entry if the infrastructure development cost of the next
potential entrant in line is sufficiently high.

16



We now determine the relation between N* and «. A higher o has two opposite effects on the
equilibrium number of entrants. First, a higher o implies a lower d («), which leads to a higher N*
(due to the cost effect). At the same time, a higher o implies a lower s (), which leads to a lower

7 (N, s(«)), and hence to a lower N* (due to the competition effect). Indeed, we have

on (N, s) _ (a—c)*N
s (N+1-Ns)*(N—(N-2)s)*

(1+5)(1—8)2N2+(1—s) (3s2+1)N+253} > 0.

If the competition effect dominates the cost effect, then the equilibrium number of entrants is
decreasing with the level of access. Otherwise, it is increasing with the level of access.

As an illustration, consider the same functional specifications as in Section 4, except a slight
modification in the investment cost function; d (o)) = 0 (1 —al/ 2) + fo, with and fy = 0.004.2° The
figure below shows the equilibrium number of entrants (defined as the maximum integer N such
that 7 (N, s («)) > d(«)) as a function of the level of access for s = 0.1, 5 = 0.9 and § = 0.4. As
the figure shows, the number of entrants varies non-monotonically with the level of access. Starting
from no access (o = 0), the number of entrants decreases as the level of access increases until a
certain level of access (a = 0.4) after which the number of entrants increases with the level of access.
Note that, in this particular example, there are more competitors in the market when there is pure

facility-based competition (« ~ 0) than when there is pure service-based competition («a ~ 1).

12, 12 T T T T

10

Nequ(a) 8

This example shows that in our framework the number of entrants does not necessarily increase
with the level of access, which contradicts the conventional wisdom. This is because, though the

effect of the level of access on the entry cost is usually well identified (this is the cost effect), the

20We assume that there is a small fixed cost of entry in addition regardless of the level of access to avoid an infinite
number of entrants for a = 1.
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effect of the level of access on differentiation (i.e., the competition effect) is generally not taken
into account. When both effects are accounted for, there is a non- monotonic relation between the

level of access and the equilibrium number of entrants.

6 Conclusions

We have shown that to the extent that infrastructure sharing affects the degree of service differ-
entiation, the incumbent can shape post-entry competition via setting the level of access. Our
benchmark model predicts that the equilibrium level of access is suboptimally high if the degree of
differentiation is high and it is suboptimally low otherwise.

Factors that alter the sensitivity of the industry profits to the degree of service differentiation
(e.g., the type of competition, cost asymmetries in production) also affect the equilibrium level of
access, and therefore the degree of infrastructure sharing. In particular, Cournot competition yields
a lower equilibrium level of access unless the degree of differentiation is very low. Furthermore,
when the incumbent faces a relatively inefficient firm, it sets a higher level of access. Extending our
model to allow for free entry (under regulated access), we also show that the equilibrium number
of competitors can vary non-monotonically with the level of access.

Although our model provides a framework to study infrastructure sharing by fixed-line incum-
bent operators, one needs to introduce competing infrastructure owners to study, for example,
mobile network operators’ incentives to share their infrastructures with virtual mobile network
operators. Our theoretical framework can be extended to address these and similar questions. Fi-
nally, we assumed that the incumbent has perfect information on both the marginal production
and investment costs of the entrant. When this is not true, the incumbent may provide multiple

access schemes with multiple levels of access, which could serve as a screening device.
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Appendix

A Stage 3 equilibrium profits

At stage 3 the incumbent and the entrant set prices simultaneously to maximize their profits,

I =(p1—c)q1 +rge+ f, and Ils = (py — ¢ — 1) g2 — f, respectively. Let

=P —c)q+ree

and
T2 = (P2 —C—T)Q2-

In equilibrium, we find that

[(la—c)(3—5)s+3r(1—3s)][(a—c)(3—35)—(1—35)(2—3)r]

B=s)(a—c)—2r(2—-ys)

Wl(S,T): (1+8)2(3_8)2(2_8)

and

[(a—c)B—s)—2r(2- S))]QS.

) = G 2 =)

B Proof of Proposition 1
Proof. The incumbent’s problem is

max II; (o, 7, f) ZH;%CX{M (s(a),r)+ f},

T, )

(1+s)(3—135)(2—15)

subject to (C1) and (C2). The nondegenerate constraint qualification holds at any candidate

solution, as the Jacobian matrix of the constraint functions has rank two. We form the Lagrangian

L(r, f, A1, 2) =m1(s(),r)+ f =AM (f —m2(s(a),r) +d(a)+ (7 (5) —d(0))) + X f.

The two first order conditions are

oL 0

5 = W(m (s(a),r)+Mm2(s(a),r)) =0,
oL
a_le—/\1+A2=0,
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and we have
(a) A (f —m2(s(a),r) +d(a)+ (7 (5) = d(0) =0, Aaf =0,
(b) A1 >0, A >0,
(¢) f=ma(s(a),r) < —d(a) = (7 (5) = d(0)) and f >0.
We have Ao f = 0 either because (i) f = 0, or (i) Az = 0.

(i) If Ay =0, then A\; = 1 (from the second FOC). Since A\; = 1, then r maximizes 71 + 72 from
the first FOC, and we have necessarily f = 72 (s (a),r) +d (a) + (7 (3) — d (0)).

(ii) If f =0, then f = ma(s(a),r)+d(a)+ (7(3) —d(0)) =0,as 1 — A1 + Ao =0 and A2 > 0
imply that A; > 0. Therefore, we have r =7 (a) and f = 0.

C Proof of Proposition 3

We have (for r* = 0)
25 +1

= CL—C2—.
w=(a=c (1+9)2(2—s)

We find that

d(m1(s,7* (5)) +ma (5,7 (5))) 2(a— o) (55" — 19s% 4 365 — 365 + 18)
ds (2—35)?(5s2 — 105+ 9)>
and
ow 45% — s+ 1
— =(a—c¢)? . 5.
Js (I1+s5)°(2—15s)
We find that

0(m1 +m2) S ow

ds ds’
holds if and only if s > 0.306.

D No full-bypass option for the entrant

If II, < 0, the only possibility of entry is through access to the incumbent’s infrastructure. If the

incumbent decides to share its infrastructure, it first sets r and f such that its profits are maximized
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for a given «, subject to 0 < f < 7 (s(a)) — d (). The inequality on the right-hand side is similar
to (C1) except that the value of the outside option (i.e., V') is zero here. Therefore, the analysis
is similar to the benchmark analysis. In particular, if 7* = 7 with the outside option, then r* =7
also without the outside option. This is because the upper bound on r without the outside option,
7, is such that 7 (o) > 7 («) for all a. Given that the optimal per-unit price is the same with or
without the outside option, and given that the incumbent provides access to the entrant, then, the
optimal level of access is also the same.

However, since the entrant has no outside option, the incumbent could deter entry by setting
a = 0 (no access). The incumbent decides whether or not to provide access by comparing its
monopoly profit if it refuses to provide access, 7" = (a — 0)2 /4, to its equilibrium profit if it

provides access, II; (o).

E Proof of Proposition 4

Let
_ 0 O(m1 + m2)
f (978) - 89 88 :
We find that
d 4(1—s) (5s* — 20s® 4 40s* — 40s + 18)

% (978):_

s2(2 — 5)? (5s2 — 10s + 9)*

is negative for all s € [0,1]. Therefore, f (6, s) is decreasing in 6. Since

—2(a —c1) (5s* — 203 + 41s% — 445 + 22)
(2 - 5)% (552 — 105 + 9)°

f(073) =

is negative for all s € [0, 1], we have proved that (w1 + m2)/0s is decreasing with 6, which proves

that «o* is increasing with 0.1
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