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ABSTRACT

Network Competition in Nonlinear Pricing

by Wouter Dessein

Previous research has argued that, in the mature phase of competition,
telecommunications networks may use access charges as an instrument of collusion. We
show that this result depends totally on the assumption of linear pricing. Though under
nonlinear pricing, the access charge aters the way networks use menus of tariffs to
discriminate implicitly among heterogeneous customers, profits are then independent of
the access charge, or, if participation constraints are binding, are maximized by the
welfare maximizing access charge. In the entry phase, networks often differ in cost
structure. An access markup then affects the level playing field between networks. .

Keywords: Telecommunications, Interconnection, Two-way Access, Competition Palicy,
Nonlinear Pricing

ZUSAMMENFASSUNG

Netzwettbewerb bei nichtlinearer Preispolitik

Die industriebkonomische Forschung hat bisher gezeigt, dal?3 in der Marktphase der
Reife, beim Wettbewerb von Telekommunikationsnetzen die Zugangsgebihren als ein
Instrument des kollusiven Verhatens eingesetzt werden kénnen. Es wird gezeigt, dal3
dieses Ergebnis vollstdndig von den Annahmen des linearen Preisverhaltens abhangt.
Obwohl bei nichtlinearer Preispolitik Zugangsgebtihren den Einsatz von Tarifmends der
Netzwerkbetreiber hinsichtlich einer impliziten Diskriminierung zwischen heterogenen
Nachfragern beeinflussen, sind die Gewinne dann aber unabhédngig von den
Zugangsgebuhren oder, wenn Teilnahmebeschrankungen bindend sind, dann werden sie
maximiert durch die wohlfahrtmaximierenden Zugangsgebihren. In  der
Markteintrittsphase sind Netze oft durch Unterschiede in der Kostenstruktur
gekennzeichnet. Ein Zugangsgebihrenzuschlag beeinfluf®t dann das Niveau, auf dem
der Wettbewerb der Netzanbieter stattfindet.



1 Introduction

Most industrialized countries are engaged in a project to create competition in
one of the largest noncompetitive industries of modern economies: local telecom-
munications. Due to technological advances, the local network has ceased to be a
natural monopoly and competing operators are starting to develop their own local
and interurban networks, often using cable or wireless technologies. This is likely
to affect considerably the way the industry operates. As customers of different
operators want to get in touch with each other, networks must be interconnected:
there is need for mutual provision of access. We are thus faced with a two-way
access problem in which each competitor owns a bottleneck, its subscriber base:
a case which differs considerably in its nature from the more familiar one-way
access situation where an (integrated) monopolist controls the local network and
is required to interconnect with entrants competing on complementary segments
such as long distance, value added services,... Whereas in the latter case, the
economic literature' and practice has made clear that regulation is necessary,
this is less obvious for the two-way bottleneck situation. No consensus has yet
been reached on this point and particular rules and principles for the setting of
two-way interconnection fees are still to be developed in many countries and are
evolving in others. Should access charges be freely negotiated between opera-
tors as in New Zealand, or should there be a (strong) regulatory involvement
as is currently advocated by the FCC in the US and Oftel in the UK? Should
private agreements between local operators be trusted to bring about effective
competition?

Up to now, the economic literature on two-way access charges has advocated
the regulatory approach or at least taken a very ambivalent position. We limit
ourselves to a discussion of the seminal paper of Laffont Rey Tirole (1998a) (LRT
hereafter).? They present a duopoly model in which customers must decide which
network to join and given this choice, how much to call. Per call that terminates
off-net, an operator pays a - regulated or negotiated - access charge to its ri-
val. LRT argue that, with linear prices, this access charge may be used as an
instrument of collusion due to a raise-each-other’s-cost effect: for given market
shares, the average perceived marginal cost of a call increases with the access
charge so that a higher access charge induces the networks to set a higher retail
price. Under appropriate conditions, there exists an access charge which imple-
ments the monopoly price as a competitive equilibrium. On the other hand, an
access charge below marginal cost may off-set the market power of the networks

1See, e.g., Laffont-Tirole (1996).

2Independently, Armstrong (1998) obtained similar results for the case of linear pricing.
Other papers have built on the basic framework of LRT: Laffont-Rey-Tirole (1998b) analyzes
how competition is affected when networks can charge a different price for calls terminating
off-net, Doganoglu and Tauman (1996) allow the access charge to depend linearly on the retail
prices, whereas Carter and Wright (1999) study the effects of brand loyalty.



and implement the Ramsey price which maximizes social welfare subject to the
industry breaking even. Nevertheless, LRT indicate some limits on the collusive
power of the access charge. First, it is shown that no equilibrium exists when ac-
cess charges and/or the substitutability between networks are too large. Second,
one of the most striking results of LRT is the dichotomy between competition in
linear and nonlinear prices. The collusionary power of the access charge disap-
pears completely when networks compete in two-part tariffs. An access charge
above marginal cost still boosts final usage prices, but the positive effect from
this on retail profits is totally neutralized by a lower fixed fee. Intuitively, nonlin-
ear pricing erodes the fat profits generated by a high access charge, as networks
then have an instrument to build market share without inflating their outflow. It
seems, however, quite extreme that in the end, there is no net effect on profits.
As nonlinear prices with known demand and homogeneous customers are very
particular, and the literature on nonlinear pricing has shown that once customer
heterogeneity is introduced, results in general resemble those obtained with linear
prices (e.g., usage fees are set different from marginal cost, some surplus is left
to customers...), LRT conjecture that the collusion result is likely to be partially
restored if one would generalize the model ”so as to allow consumers to differ not
only in their relative preference for networks but also in their taste for variable
consumption.”® Given that nonlinear pricing is prevailing in the industry, the
main question which the literature tries to answer, whether effective competition
between telecommunications networks is possible in a deregulated environment,
remains thus open.

The aim of this paper is therefore to investigate more thoroughly competition
in nonlinear pricing. We stay as close as possible to the basic framework of LRT,
but introduce heterogeneity in volume demand in order to have 'more realistic’
nonlinear tariffs, that is to allow for second degree price discrimination in which
operators use a menu of tariffs to discriminate implicitly between customers of
different types. Such heterogeneity in demand is a very important feature of the
telecommunications industry. Operators, for example, have in general at least
three customer divisions, respectively focussing on the residential, the business
and the corporate sector, and also inside these customer categories, especially the
residential segment, customers may differ tremendously in their demand, ranging
from those who use the telephone only occasionally and for strictly practical
matters to the high volume users for whom the telephone is the principal way
of communication with the rest of the world. We model this heterogeneity in a
straightforward way by assuming that customers are either heavy or light users.
As in LRT, however, we still assume a balanced calling pattern: for equal usage
prices, each customer receives as much calls as he originates. This assumption
is particularly strong given that customers differ in their volume demand: heavy
users, e.g., often tend to call more than they are called. Our companion paper,

3Laffont, Rey and Tirole, 1998a;b p.22; p.53



Dessein 1999, shows how competition is affected in the presence of unbalanced
calling pattern. Besides heterogeneity between customers, the paper also analyzes
heterogeneity among firms and its impact on competition. Such a heterogeneity is
especially relevant during the transition towards competition, when new operators
often enter the market with a partial coverage and /or a technology different from
the incumbent.

As a benchmark, we first pinpoint why, in a symmetric equilibrium and if
networks can discriminate explicitly, the access charge has no impact on profits.
To understand this, it is useful to recall the classic Hotelling model with unit de-
mands. The latter illustrates the typical oligopoly trade-off between maximizing
market share, which calls for a low tariff, and maximizing profits per customer,
which calls for a high tariff. An important result is that profits only depend
on the extent of the differentiation between the firms and thus not on the cost
or quality of the good offered. Network competition in nonlinear tariffs can be
seen as a variant of the Hotelling model with unit demands, where the good sold
is the membership to a network and its quality is determined by the quantity
of telecommunications services that will be consumed. In a symmetric equilib-
rium, the tariff which networks charge has no effect on access payments between
networks; its role is thus identical to the one in the standard Hotelling model:
trade-off between maximizing profits per customer and maximizing market share.
The only impact of an increase in the access charge is thus to lower the utility
offered to customers (the access charge raises the perceived marginal cost of a
call which makes it optimal to offer a lower quantity). As the standard oligopoly
trade-off is not affected by this utility, it follows that profits are independent of
the access charge.*

Second, we analyze whether this result still holds if networks cannot discrim-
inate explicitly, and tariffs have a new role in helping discriminate implicitly
between heavy and light users. For an access charge equal to the marginal cost of
terminating a call, differences between customers may be overcome with a menu
of tariffs and it is as if networks could discriminate explicitly. An increase in the
access charge, however, lowers the quantities offered in equilibrium and makes
the largest offered quantity, destined to heavy users, more and more attractive
to light users. For a high enough access charge, light users then prefer the tariff
and quantity offered to the heavy users under explicit discrimination, such that
in order to discriminate implicitly, networks have to increase the tariff for heavy
users and/or lower the tariff for light users. Since the profit function is concave
and symmetric on both segments, networks deviate by the same amount on each
segment from their best response (corrected for the size of the segment). As a
result, a tariff cut is given to the light users (resulting in lower profits on this seg-
ment), which is exactly compensated by higher tariffs and profits on the heavy

4A similar intuition for the neutrality on profits of the access charge is given in Laffont et
al. (1997).



users: there is no net effect on total profits. Although this 'neutrality’ of the
access charge with respect to profits probably depends on the specific model, it
illustrates very well the fact that the access charge has no clear-cut impact on
profits. Intuitively, the principal effect of an access mark-up is that it makes it
optimal for both networks to offer lower quantities. Once networks compete in
nonlinear pricing, however, there is by definition no link anymore between the
quantity offered to customers and the way the resulting surplus is shared with
them (which determines final profits). While the need to meet certain incentive
constraints makes that a new role for offered quantities and tariffs is to help
discriminate between customers of different types, concerns for incentive com-
patibility never make networks use the quantity instrument to share surplus with
customers, as in the case of linear pricing. In this sense, agreeing to offer low
quantities to customers (by way of agreeing on a high access charge) cannot soften
competition for market share.

That the impact of the access charge on profits is ambiguous in more complex set-
tings, is supported by an extension of the model which supposes that customers
of different types, perceive the substitutability of the networks in a different way.
These different perceived substitutabilities may correspond to different switching
costs, different brand loyalty, a differentiated access to publicity and informa-
tion... Whether an access markup increases or decreases profits then depends
on parameter values: when networks are seen as better substitutes by the heavy
users than by the light users, networks always obtain higher profits by agreeing
on an access charge below marginal cost. In the opposite case, an access charge
above marginal cost may boost profits.

Third, we look what happens if some customers may not subscribe a network
in equilibrium. We show that in a simple model with homogeneous customers,
an access charge different from the marginal cost of terminating a call then leads
to more exclusion and lower profits, so that networks strictly prefer an access
charge equal to marginal cost.

While the latter results suggest that the industry is competitive in the ma-
ture phase of the industry, we argue that this is not always the case during the
transition towards competition, when heterogeneity among firms may yield op-
portunities for anti-competitive access pricing by a dominant network. Entrants
may be more (less) efficient than the incumbent and often have access to new
technologies (e.g. cable) which differ in their cost structure from the one used by
the incumbent. Entrants also tend to have only a partial coverage, so that the
incumbent does not face competition for all his customers. Both differences in
cost structure and coverage yield asymmetric equilibria. A major implication of
the latter are that access revenues are strictly positive or negative: one network
owes net access payments to the other. An increase in the access charge then
affects the level playing field between networks: it increases the access deficit
(revenue) of the network which sets a lower (higher) usage fee. Concretely, we
show that an access markup decreases profits of the network with the smallest



variable cost, whereas it increases those of the other network. Our analytical
results are calibrated by some simulations which show that even for small differ-
ences in cost structure, the impact on profits is substantial. A direct consequence
of our results is that the negotiated access charge is likely to reflect the bargain-
ing power of the networks. It is, for example, in the interest of an incumbent
with a high variable cost to insist on a high access charge. While ex post, this
leads to above marginal cost pricing, ex ante, the prospect of high access charges
may deter entry by a low marginal cost entrant. This suggests that even in the
absence of collusion, a regulator may play an important role.

This paper is organized as follows. Section 2 and 3 describe our model of heavy
and light users under nonlinear pricing. Section 4 discusses the benchmark case
of explicit price discrimination in a symmetric equilibrium in which all customers
subscribe to a network. Section 5 analyzes implicit price discrimination. Section
6 looks at the impact of limited participation. Section 7, finally, investigates
entry and asymmetric equilibria. Section 8 concludes.

2 A model of heavy and light users

We consider the competition between two horizontally differentiated networks.
The main elements are as follows:

Cost structure: The two networks have the same cost structure. Serving a cus-
tomer involves a fixed cost f. Per call, a network also incurs a marginal cost
¢, at the originating and terminating ends of the call and a marginal cost ¢; in
between. The total marginal cost is thus

c=2c,+

Demand structure: The networks are differentiated a la Hotelling. Consumers
are uniformly located on the segment [0, 1] and networks are located at the two
extremities, namely at z; = 0 and o = 1. Given income y and telephone
consumption ¢, a type k—consumer located at x joining network 7 has utility:

Y+ uk(q) + vo — 7 |z — 24

where v, represents a fixed surplus from being connected®, 7 |x — z;| denotes the
cost of not being connected to its "most preferred” network, and the variable
gross surplus, ug(q), is given by:

1
n

SWe will assume throughout most of the paper that v, is "large enough”, so that all con-
sumers are connected in equilibrium



Faced with a usage fee p, a customer consumes thus a quantity g given by

u(qr) =p < g = kp™" = kq(p)

Throughout the paper, we will say that the usage fee is p if customers consume a
quantity q, = kq(p). Given that networks compete in nonlinear tariffs, this does
not imply that customers effectively face a tariff of the form ¢(q) = F + pq.

We consider two different customer types or customer segments:

o [light users, fraction p of the market, characterized by k = k..

e heavy users, fraction 1 — p of the market, characterized by k = kg > k.

The distribution of customers on the segment [0, 1] is assumed to be indepen-
dent of their type k.

Calling patterns: We suppose that a fraction £ of the calls terminates on the light
user segment. For the purpose of this paper, we assume that ¢ is such that the
calling pattern is balanced:

Definition 1 A calling pattern is balanced whenever for equal usage fees, each
customer calls as much as he is being called.

With homogeneous customers, this is realized very naturally by assuming
that customers receive the same amount of calls (¢ = p). With heterogeneous
customers, a different assumption is needed:

Lemma 1 A calling pattern is balanced if and only if

= MkL
pkr, + (1 — pku

Proof. For equal usage fees, a light user receives the same amount of calls as he
originates if and only if

_ pky
pkr + (1 — pw)ky

Clukrq(p) + (1 — p)kuq(p)] = pkra(p) < ¢

By construction, the same holds for heavy users. B

Given that customers differ in their volume demand, the assumption of a balanced
calling pattern is quite strong. Heavy users, for example, often originate more
calls than they receive. Our companion paper, Dessein 1999, analyzes the case
in which customers of one type tend to call more than they are being called.



3 Competition in nonlinear pricing

Competition in optimal nonlinear pricing is investigated, both under the assump-
tion that networks can discriminate explicitly between heavy and light users
(third-degree price discrimination) and in the more realistic case in which only
implicit discrimination (second-degree price discrimination) is allowed. From the
revelation principle, networks cannot do better than offering a quantity ¢, for a
tariff ¢;, and a quantity gy for a tariff 5 where, under implicit discrimination,
{qr,tr,qu,tn} must be such that light users opt for (qr,t;) and heavy users
choose (qm,tm). The variable net surplus of respectively a light and a heavy
users is thus
wy, =ug, (qL) —t, and wy = ug, (qu) —ty
For given net surpluses (wr,wy) and (w},w};) offered by network 1 and 2, the
market shares a;, and ay of network 1 in respectively the light and the heavy
users’ segment are determined as in Hotelling’s model. A consumer of type s
(s = L, H) located at x = ay is indifferent between the two networks if and only
if
ws — T, = w, — (1 — ay),

or
as = a(ws, w)) = 5 + 0 [ws — Wl
where
1
o= —
2T

is an index of substitutability between the two networks. Given our assumptions
about the calling pattern, the share in incoming calls of network 1 is

a=al+ag(l—1)

Let a denote the unit access charge to be paid for interconnection by a network
to its competitor. Network 1’s profits are

m = popfty—(c+ (1 —a)(a—c))q - f]+ (1)
(1= oy [ty — (c+ (L= &)(a—c))qu — f]+
[1(1 —ar)ap + (1 — p)(1 — am)qy] di(a — c)
These profits can be decomposed into a retail profit
pou, [ty — cqr, — f1+ (L= pow [ty — cqu — f]
which would be made if all calls terminated on net, plus an access revenue
Ar = [l —ar)q, + (1= p)(1 — an)gy dla—co) —
(margr + (1 — papqy] (1 — a&)(a —c,).

From our balanced calling pattern assumption, regardless of a, and ay, Ay =0
if all customers face the same usage fee.

8



4 Explicit price discrimination

As a benchmark, we analyze competition when networks can explicitly discrim-
inate customers, so that customers are forced to use the tariff which is destined
for their type. As market shares only depend on the variable net surplus, it
is convenient to view networks as picking quantities (qy,q;) and net surpluses
(wy,wy,) rather than quantities and tariffs (ty,¢,). Network 1’s profits are then

T = puoy {n—ﬁ—lki/"qi_l/n —wy, — cqr, — f} (2)
+(1 — p)ay [n—ﬁ—lk}f"q}flm — Wy — cqy — f} + A

From the first order conditions with respect to q; and qy, the equilibrium usage
fees equal the average perceived marginal cost of a call, ¢+ (1 — &)(a —¢,). In a
symmetric equilibrium,® we have
a—c,
5—)
A higher access charge thus makes it optimal for networks to offer lower quantities
and, for a > ¢,, lowers the total surplus created in the industry. Intuitively, a firm
offers its customers the quantity which maximizes the sum of its and their surplus,
and thus includes the access losses generated by these customers. Whereas the
role of the offered quantities is to maximize the joint surplus, the role of the
transfers is to share this surplus with customers. Given that all customers face
the same usage fee in equilibrium, access revenues are always zero and the joint
surplus per customer is independent of market shares and tariffs; hence, when
setting t, networks face the classic Hotelling trade-off between: (a) maximizing
market share, which calls for a low tariff; (b) keeping as much as possible from the
per customer surplus, which calls for a high tariff. As in the standard Hotelling
model, profits on a customer segment of size i can be written as

N a — Co N
qr, = krq(c+ T) and Gy = kuq(c+

= pa(w, w)F = %w(w—w')]ﬁ:u[%w(s—ﬁ—(s—ﬁ')) 7

where S = S’ is the total surplus per customer, 7 and 7’ are the profits per
customer and w and w’ are the offered net surpluses of network 1 and 2. It
follows that profits are independent of the total surplus per customer. Since this
total surplus is the only thing which is directly effected by the access charge and
the customer type, profits are thus also independent of a and k. Maximizing (1)
with respect to w;, and wy, we have

tAL = 1/20'+f+chL
ty = 1/20+ f + cqu,

from which profits per firm are 1/40, as in the Hotelling model.

6Following LRT, it can be shown that for a close to c,, there exists an equilibrium which is
unique and symmetric.



Proposition 1 If networks discriminate explicitly, profits per customer are in-
dependent of the access charge and the customer type. The usage fees are equal

to p = c+ *5* for both heavy and light users.

Note that though usage fees equal the perceived marginal cost, the difference
in final tariffs for gy and ¢y, reflect the true incremental cost ¢(¢y — qr,).

Remark: A variant of our model which also comprises the Hotelling model
with unit demands as a special case, could let the differentiation of the networks
depend on the quantity consumed in equilibrium, so that, for example, a type
k—consumer located at x joining network ¢ has utility

y+ur(q) +vo — 7| — 23] q

Given that an increase in the access charge makes it optimal for networks to offer
lower quantities, it then also increases the substitutability of the networks and
thus competition for market share. Profits are therefore likely to decrease with
the access charge if the differentiation does not take the form of a fixed benefit
which customers receive when joining a particular network.

5 Implicit price discrimination

If customers are homogeneous or if explicit price discrimination is possible, price
schedules must achieve two goals: creating surplus and sharing it with customers.
Armstrong (1998) and Laffont, Rey and Tirole (1998a) have shown that when
networks have only one instrument, a price per unit, a higher access charge then
softens competition for market share and can thus be used to boost profits. Un-
der nonlinear pricing, however, networks have two instruments (quantities and
tariffs) which allow them to separate the two roles of pricing. As the access charge
only has an impact on the optimal quantity to be offered to customers, and not
on the competition for market share (how much of the surplus to share with cus-
tomers), profits are unaffected. If customers are heterogeneous and networks are
not allowed to discriminate explicitly, a new, third, role of pricing is to discrimi-
nate implicitly between customers of different types. The literature on nonlinear
pricing has then shown then that results in general resemble those obtained with
linear prices (for example, usage fees are set above marginal cost, some surplus
is left to customers).” Both Armstrong (1998) and Laffont, Rey Tirole (1998a,b)
conjecture therefore that the collusion result, obtained under linear pricing, is
likely to be partially restored once there are differences in volume demand for
consumption which cannot completely be overcome with a menu of tariffs. The
central question of this section is thus whether the difference between the num-
ber of goals and instruments under implicit price discrimination indeed allows

"See, for example, Varian (1989) and Wilson (1992).

10



networks to use a positive access markup to increase their profits, as is the case
under linear pricing.

5.1 Standard model

If networks are not allowed to price discriminate explicitly according to whether
a customer is a heavy or a light user (that is third-degree price discrimination is
ruled out), the proposed menu of tariffs {q., ., qu,tn} must be such that heavy
users opt for (qu,ty) and light users choose (qr,tr). The incentive constraints
(IC) are

Wy = Uk, (qu) =t > Uy (qr) — tr, (ICn)
wr, = wk, (qr) —trn > uk, (qu) — ty (ICy)

If a = ¢,, the quantities offered under explicit price discrimination are those
generated by usage fees set at marginal cost, while tariffs are so that profits per
customer equal 1/20. But this tariff structure is incentive compatible; it can for
example be implemented by a unique two-part tariff, t(q) = pg+ F, in which p = ¢
and F = 1/20 + f8 As ICy and IC}, are both satisfied with strict inequality
whenever k;, # ky and thus ¢, # qu, the explicit discrimination equilibrium is
still incentive compatible for a close to c,.”

For a large or kj, close to kg, however, {ch,fL,ch,fH} is no longer incentive
compatible. Indeed, the explicit price discrimination equilibrium is given by
s = kG and t, = £(4,), (s = L, H), where

= qlc+%5=) (3)

t(q) = 1/20 + f + cq. (4)

Given (4), the net utility of a customer of type k is concave in ¢ and reaches a
maximum for ¢ = kq(c). From (3), an increase in the access charge lowers both
Gr, and ¢y and, for large enough an access charge, ¢, < ¢u < krq(c). Light users
then strictly prefer (g, tr) to (4r,t7,) and the IC of the light users is violated.

8This is in line with the results of Armstrong (1998) and Rochet and Stole (1998) which
show that simple two-part tariffs often arise in competitive environments where consumers
have private information about their tastes. Rochet and Stole (1998) show, however, that this
result is highly sensitive to the assumption that the customer’s type is uncorrelated with the
consumers location on the Hotelling line and that all consumer types are willing to participate
with the candidate tariffs.

9Notice, however, that the equilibrium contract {cj oto, G, t H} then cannot be implemented
through two-part tariff(s). In order for customers to chose the optimal quantities ¢z, and G,
the usage fee for both types must be set at p;, = py = ¢+ %5™; to implement tr, and g,
however, a different fixed fee is needed for heavy and light users, which, of course, is not
incentive compatible.

11



Similarly, for a > ¢,, ¢, < kpq(c) so that for k;, close enough to ky,

qrL < qu = IZ—HQL < krq(c),
L

and again the IC of the light users is violated. The polar case is obtained for
a < ¢, : for a small enough or k;, close enough to ky, kyq(c) < ¢, < gy and the
1C of the heavy users is violated. The reason behind the impact of the access
charge on incentive compatibility is thus simple: tariffs for - and thus preferences
over - qr, and gy reflect their true marginal cost ¢, while ¢;, and ¢y themselves
are determined by the perceived marginal cost ¢ + (a — ¢,)/2.

Intuitively, the IC which is violated under explicit discrimination, will be binding
in the equilibrium under implicit discrimination. The next lemma guarantees this
for 6 = kg — kr, small.

Lemma 2 If the explicit price discrimination equilibrium, {(jL,fL,(jH,fH} vi0-
lates the incentive constraint of the light (heavy) users, then for 6 = ky — ki,
small, any symmetric equilibrium {t},q;,t};, ¢} under implicit price discrimi-
nation is such that the incentive constraint of the light (heavy) users is binding.

Proof. See appendix 9.1.1 &

When the IC' of the light users is binding, the symmetric equilibrium is char-
acterized by {q;,t;,q},t}}, where

g = 4 t; <t
G > qu;  ty > tu+clgy — qn)-

By increasing gy and (ty — t1,), networks make {ch, fH} less attractive to light
users. Note that by providing a larger quantity to heavy users than is optimal
given the perceived marginal cost, networks eliminate partly the distortion in-
duced by this inflated perceived marginal cost. This is in contrast with standard
results of nonlinear pricing where implicit price discrimination lowers the offered
quantity and reduces efficiency. More important, however, compared to the ex-
plicit price discrimination equilibrium, a higher surplus is left to the light users.
While this lowers profits made on these customers, average profits are neverthe-
less unaffected, as the loss is exactly compensated by higher profits on the heavy
users.

Proposition 2 e In a symmetric equilibrium, profits are equal to 1/40, irre-
spective of the access charge.

e Fix the average customer type k and let the difference 6 = kg — ki, vary.
For any 6,, there exists an access charge a, > ¢, such that a symmetric
equiltbrium always exists for a < a, and 6 < b,. Moreover,

12



— For any given 6 < 6, for a close to c,, incentive constraints are non-
binding and the equilibrium is the same as if networks could explicitly
discriminate between heavy and light users.

— For any given a € |c,,d'], for ¢ close to 0, the incentive constraint of
the light users is binding. Compared to the equilibrium with explicit
price discrimination: (1) the quantity (and tariff) offered to heavy
users is higher, (2) a lower tariff for an unchanged quantity is charged
to light users.

Proof. See appendix 9.1.1 &

For ¢ small enough, an access charge above marginal cost induces the IC' of
light users to be binding and could thus boost profits if incentive compatibility
constraints lead networks to increase their tariffs. We give the intuition for why
this does not arise here. Starting from the explicit price discrimination equilib-
rium, networks must make (¢, qr) less attractive and/or (¢, qr,) more attractive
to the light users to meet their IC'. Besides changes in the offered quantities,
networks are obliged to decrease t;, — ty. Neglecting incentive constraints, given
the equilibrium quantities ¢}, and ¢ and given the tariffs ¢/, and ¢} charged by
network 2, network 1’s profits on a segment s (s = L, H) are concave in t, and
reach a maximum for

tqr) + ¢,

5 where #(q*) =1/20 + f + cq’

P(ty) =
In order to meet the incentive constraints, it is thus never optimal to decrease
only t;, or raise only ¢y relative to 7#(¢)) and 7(t};) : network 1 will spread its
losses and deviate least from 7(t.) on the segment s where the profit function is
most concave. In our model, the concavity of the profit function on a segment
depends only on the substitutability, (the higher o, the larger is the impact of
changes in ¢ on market shares and thus on profits) and on the size of the segment
(the more customers are in a segment the more expensive it is to deviate from
the ’optimal’ per customer tariff).!” Hence, if only changes in t; — ¢ty matter,
network 1 always deviates from its best response in a way that

plte — ()] = (1 — p) [F(tL) — tr]

tax) +t’H] 1w [f(qZ) it tL]

t —
‘:’“[H 2 2

0Tndeed, for given equilibrium quantities, the second derivative of profits with respect to ¢,
and tg are

0?r 9 0?r

7 = 20 o

oty ot

That the second derivative is independent of £, is specific to our model and stems from the fact
that profits are quadratic/market shares are linear in ¢.

=-=2(1—p)o
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In a symmetric equilibrium, ¢, =t} and t; = t%;, this yields
pltn —Hap)] = (0= p) [Hap) — o] (5)

As for {q}‘{,f(qg),qz,f(qZ}, profits equal 1/20 per customer, average per cus-
tomer profits given {q};, ty, ¢}, t.,} are also 1/20. Though the need to discriminate
implicitly affect the profits made on each segment, total profits are unaffected.

While this 'neutrality’ of the access charge is an extreme result which probably
depends on the quadratic profit function, we think its intuition is very robust: the
access charge has no clear-cut impact on profits. As a principal effect, the access
charge induces networks to offer lower quantities to their customers. Networks
who agree on a high access charge thus agree on offering customers low quantities.
When the quantity offered to customers is linked to the way the resulting surplus
is shared with customers (as with linear pricing), an increase in the access charge
may reduce competition for market share and result in higher profits. Once
networks compete in nonlinear pricing, however, there is no such clear link. The
need to meet certain incentive constraints means that the role of the offered
quantity is not just maximizing joint surplus, and the role of tariffs not just to
share this surplus optimally with customers, but also to help discriminate between
customers of different types. Concerns for incentive compatibility, however, never
lead networks to use the quantity instrument to share surplus with customers. In
this sense, agreeing on offering low quantities to customers (by way of agreeing
on a high access charge) cannot soften competition for market share.

5.2 Two-part tariffs

Though sophisticated nonlinear tariffs are more and more common in telecommu-
nications, especially in the mobile sector, two-part tariffs are still very popular.
Suppose therefore that for an exogeneous reason, networks are limited to the use
of (a menu of) two-part tariffs. As there are only two types, it is optimal to let
customers choose between

tr(q) = F, +pLqg and ty(q) = Fu +puq

where {F,pr, Fir, pr} must be such that heavy users opt for (Fi, py) and light
users choose (F, Fr). Faced with a tariff ¢(¢) = F + pq, the net surplus of a
customer of type s (s = L, H) is

wy(p, F) = kv(p) — F
with

B B p- (=1
ksv(p) = max {ux(q) — pgy =k ( p— >

Incentive constraints are then

wy(p, Fru) > wu(pr, Fr,) and  wi(pr, Fr) > wi(pu, Fu)
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Proposition 3 e In any symmetric equilibrium in two-part tariffs, profits
are independent of the access charge and are equal to 1/40

e Fora close to c,, a symmetric equilibrium exists and is such that for a > c,,
the incentive constraint of the light users is binding and

—pL=c+ e, FL<1/20+ f — “S=k.q(ps)
—pu <c+ %52, Fy>mar{FL,1/20 + f — (pg — c)kuq(pu)} .

Proof. See appendix 9.1.2 W

Proposition 3 shows that the profit neutrality of the access charge does not
depend on our assumption of optimal nonlinear pricing. Again, networks have
two instruments, a usage fee which directly controls the offered quantity and a
fixed fee to share surplus with customers. Though the usage price also partially
determines how the surplus is shared, its impact can be corrected in a profit-
neutral way by changes in the fixed fee. As in the case of optimal nonlinear
pricing, agreeing to offer a low quantity to customers has thus no impact on the
way the resulting surplus is shared.

5.3 Limits to the neutrality of the access charge on profits.

This section illustrates our claim that, while the access charge may have an
impact on profits, this impact is as likely to be positive as negative. Suppose
customers of different types perceive the substitutability of the networks in a
different way. Such different perceived substitutabilities can correspond to dif-
ferent brand loyalties, different search costs, a differentiated access to product
information or publicity, different switching costs, etc. We denote these per-
ceived substitutabilities for light and heavy users respectively by o, and op. If
networks could discriminate explicitly, they would offer quantities that reflect the
perceived marginal cost

a—=c¢ a — C
(o] A :]{/‘ (o)

) (6)

qr, = krg(c+
and charge a tariff #(qs) such that profits per customer are 1/20y, (s = L, H) :

td,) = 1/20,+ f+cdy (7)
tGn) = 1/20m+ f + cu (8)

Total profits under explicit price discrimination, denoted by 7},, are thus inde-
pendent of the access charge and are equal to

Ko 1op 9)

%
T = .
b 40’L 40'H
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If explicit price discrimination is not possible, networks still can discriminate
implicitly through a menu of tariffs. A first consequence of o, # oy, is that
incentive compatibility conditions may affect profits. Denoting profits under
implicit price discrimination by 7*, one has

7 <m; when oy >0, and 7" > 7w, when oy <oy (10)
if the IC of the light users is binding, and
7 > 7}, when oy >0, and 7" <7}, when oy <oy (11)

if the IC of the heavy users is binding. The intuition of this result is similar to that
of the profit neutrality of the access charge in the standard model. Recall that if
an IC is binding, networks must deviate from their best responses under explicit
discrimination in order to meet incentive constraints. As only the difference
between t;, and t; matters, and profits are concave in t;, and ¢, networks deviate
most on the segment where profits are least concave. As ceteris paribus, profits
are least concave on the segment with the smallest substitutability (market shares
react much faster when the substitutability is stronger), networks deviate most
on the segment where o is smallest. Depending on whether the needed deviation
on that particular segment is a tariff cut or a tariff raise, equilibrium profits are
then either lower or higher than under explicit price discrimination. In case, for
example, the IC' of the light users is binding, networks must decrease ty — t;,.
If oy > o1, networks find it optimal to decrease more ¢;, than they increase ty
so that profits are lower than under explicit price discrimination. The opposite
holds if oy <0y,

As the access charge affects incentive compatibility, a second implication of
oL # oy, is that the access charge may also affect profits.
- Suppose first that a = ¢,. If Ak is relatively small compared to |og — oy,
then the IC' of the customers with the smallest perceived substitutability will
be violated in the explicit price discrimination equilibrium: from (6),(7) and (8),
the difference in equilibrium quantities is then small relative to the difference in
equilibrium tariffs. From lemma 2, if Ak is small, the same IC' is binding in the
implicit price discrimination equilibrium. From (7) and (8), if oy > oy, the IC
of the light users is thus binding for A%k small, from which 7* < 77},. Similarly,
if oy < o, the IC of the heavy users is binding for Ak small, from which also
7 < 7}. Of course, if Ak is relatively large, networks can perfectly discriminate
and 7" = 7J,.
- Consider now a # ¢,. In the explicit price discrimination equilibrium, customers
of type k are offered a quantity g, = kq(c+%5%) for a tariff {;, = 1/20% + f + .
Defining

Vi(q) = ur(q) —cq, and Fj=1/20;+ f,

the IC of light and heavy users can be rewritten as

Vi(Ge) = VilGu) > FrL—Fu (ICL) (12)
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Vu(qr) = Vu(qu) < FpL—Fy (ICx) (13)

Note that Vi(g) is strictly concave and reaches a maximum for ¢ = kq(c). We
distinguish the impact of a positive and a negative access markup:

(1) A negative access markup (a < ¢,) has a clear impact on ICy, and ICy.
When ¢ + %5% goes to zero, §i — Gz, tends to infinity such that Vi(qr) — Vi(dn),
(s = L, H) increases without a bound when a gets smaller. For a small enough,
ICy is then always satisfied, while ICy; is violated. A negative access markup
thus strengthens the IC of the heavy users and weakens the IC of the light
users. Intuitively, the larger the quantities offered in equilibrium (due to the
low access charge), the more everybody likes the smallest offered quantity: the
incremental gross utility of consuming ¢y instead of ¢y, given by w(qn) — u(qr),
decreases more and more compared to its incremental cost, Fy; — Fy, +c(Gy — q1)-
It follows that for o > o, and Ak small, a sufficiently negative access markup
increases profits: the IC' of the heavy users is then binding so that 7* > 77,
while for a = ¢,, the IC' of the light users is binding and thus 7* < 77,.

(2) A positive access markup (a > ¢,), on the other hand, always decreases
Vs(qr)—Vs(Gu) (s = L, H), though not without limits: V,(qr)—V;(4n) (s = L, H)
reaches a negative lowerbound for some aj; > ¢, and a} > ¢,. For |oy — o], and
thus also |Fy; — F}| small enough, there exists then an a > ¢,, such that the IC
of the light users is violated by the explicit price discrimination equilibrium. If
follows that for o < oy, the IC of the light users is binding so that 7* > 77J,.

Proposition 4 e Suppose a = ¢, :
(1) Given |oy — o], for Ak sufficiently small, the incentive constraint of
customers with the smallest perceived substitutability is binding. FEquilib-
rium profits ™ are then smaller than 77,.

(2) Given Ak, for |oy — oy sufficiently small, no incentive constraints are
binding and 7 = 77},.

e The access charge may affect profits:

(1) For a sufficiently negative access markup (a < c,) and Ak small, the
incentive constraint of the heavy users is binding. If oy > op, then 7 >
7 ¢ a sufficiently negative access markup increases profits. If o, < op,
then ™ < 7.

(2) For a given positive access markup (a' > ¢,) and Ak small, if |oy — oy
18 sufficiently small, the incentive constraint of the light users is binding.
If oy < op, then © > 7w}, : a' > ¢, boosts profits relative to a = c,. If
oy > oy, ™ <7}, forad > c,.

Proof. See appendix 9.1.3 1
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6 Limited participation

We have assumed so far that the fixed surplus of consuming telephone services,
V,, is large enough, so that in equilibrium customers always subscribe to one of
the networks, that is participation constraints are always satisfied. This section
shows how, in a simple model in which all customers are of the same type (k; =
ko = 1), our results are affected if one relaxes this assumption. Intuitively, as
in the standard model an access charge above marginal cost reduces the net
surplus offered to customers, an access markup is likely to result in more exclusion
of customers and thus to lower profits if participation constraints are binding.
Denote by w; the net surplus, including the fixed benefit of subscribing, offered
by network 7 to a customer residing at its location:

w; = v, +ulg) — t;

Given the surplus w;, two regions of network i's demand may be distinguished: a
“monopoly” region, where marginal customers’ best alternative is not to subscribe
and a ”competitive” region, where marginal customers are willing to subscribe
to the rival network. In the absence of competition of network j (e.g. w; = 0),
the demand for network 7 is

w;

o = — = 20"LU¢

T
This defines the potential market of network 7. In the competitive region, network
1’s demand is given by

ai:§+a(wi—wj).

Intuitively, if v, is large enough (as we assumed before), the equilibrium always
lies in the competitive region. Note that demand is more elastic in the monopoly
region than in the competitive region, so that if 0 < w; < 7, the demand curve of
network ¢ is kinked; starting from w; = 0, by offering a higher surplus, network
¢ first captures customers who otherwise would not subscribe at all, and finally
captures customers who would otherwise subscribe to network j.

For simplicity, we assume that calls to different customers are perfect substi-
tutes. This implies that demand for calls is always ¢(p) = p™", even if only a
fraction ¢ of customers has subscribed a network.!! Define s* as the surplus of a
subscription by a customer residing at the location of network ¢ or j if the usage
fee is equal to ¢ + %57, then

s* =, +u(q(c+ 5%2)) — cq(c + S%=) — f.

Proposition 5 If a symmetric equilibrium exists, then it is such that

UIf calls to different customers were not substitutes, demand would equal g4(p) = ¢p~".
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3 1
o if s> yp then o; = 1/2 and m* = yy

o
1 3 * 1 1
oifs*e{%,E},thenaizl/Q(mdﬂ*:%—Egg
: 1 o (5%)°
< —, th ; < 1/2 and 7 =
o ifs 5 then a /2 and 5

As s* is concave in a and reaches a mazimum for a = c,, symmetric equilib-

3
rium profits decrease with |a — ¢,| if s* < o

o
Proof. Competition in quantities and transfers can equivalently be viewed as
competition in quantities and net surpluses. As usual, it follows from the FOC
with respect to ¢, that offered quantities reflect the perceived marginal cost. In
a symmetric equilibrium, we then have

a — Co
5—)

q" =qlc+

The surplus of a subscription of a customer residing at the location of network ¢
or j equals then s*. The rest of the proof is standard. B

From proposition 5, if participation constraints are binding, profits are de-
creasing in the net surplus that would have been offered to customers if no par-
ticipation constraints were binding. As the latter is maximal for a = ¢,, firms
strictly prefer an access charge equal to marginal cost, which is also the access
charge which maximizes social welfare. Intuitively, by maximizing the total sur-
plus of a subscription, networks are able to make more profits on more customers.

7 Entry and asymmetric equilibria

The previous analysis suggests that there is no need for regulation in the mature
phase of the industry. One should be a more cautious, however, in drawing this
conclusion during the transition towards competition. Due to asymmetries in
cost structure or coverage, the access charge may then have a different impact
on the profits of competing networks. This section investigates whether an ac-
cess charge above marginal cost may give an unfair competitive advantage to one
network. For this purpose, we analyze a range of asymmetric equilibria which
incorporate the following extensions of our basic model:

(1) Partial entry: In contrast with the incumbent (network 1), an entrant (net-
work 2) often covers only part of the market. Denoting the coverage of the entrant
by u <1, its market share is given by:

1
s = [ 5—|—U(w2—w1)
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where w; is the variable net surplus offered by network ¢ to his customers.

(2) Differences in cost structure. Networks may differ in their variable cost ¢;
and/or fixed cost f; (¢ = 1,2). Such differences in costs are typical during the
transition towards competition, when operators often enter the market with a
technology different from the one used by the incumbent. To avoid the issue of
nonreciprocal access charges, however, we maintain the assumption that the cost
of terminating a call, ¢,, is identical to both networks.

For simplicity, customers are also assumed to be homogeneous (k;, = ky = 1).

Recall that in a symmetric equilibrium, networks’ profits are equal to those of
the symmetric Hotelling model with unit demands. Before we proceed with the
analysis, we therefore define equilibrium profits and equilibrium market shares in
an asymmetric Hotelling model with unit demands. Denoting gross utility minus
cost of good 7 by s; and network i's per customer profits by R;, then, if yp = 1,
total profits of firm ¢ are

1 1
OQRZ' = (5 —|—a(w,» — w])> RZ = (5 +O’[Si — Rz — Sj + RJ]> Ri,

yielding equilibrium profits

)2
w_ (af)
H _ 14
7! - (14)
and equilibrium market shares
. 1 o
o = afl (si,85) = 5t 3 [si — 8] (15)
If network 2 covers only o < 1 of the market, then
1 1- o
of (s1,50) = 3+ =50+ 5 o1 — sl (16)
1 1-
OCQH(Sl, 82) = 5 — T'u + % [82 — 81] (17)

The following proposition characterizes all asymmetric shared market equilibria
and the impact of the access charge on them.

Proposition 6 e In any shared market equilibrium, profits of network 1 and
2 are
* *\2 [ % *
o= W{{ +(a7)" (g3 — a47) (@ — ¢)
* *\2 [ % *
T o= m — () (65— ) (a—co) (18)

resulting in total industry profits
™+ (o] = ad) (63 — a)) (a — o) (19)
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where qf and o are solutions to
ap}) = alei+ajla—c))
af = o] (s:(q}), 55(q))
with s;(qf) = u(q}) — ciqf — fi

o Suppose ¢; < c¢; and define &y, &; as the equilibrium market shares for
a=c,:

— If & < &y, then a small access markup (a > ¢,), decreases o and 7},
but increases 7; and total industry profits.

— Ifdz > dj, but
5.0\ 2 N\ 1+l
(&) < (C—J> , (20)
Q; C;

then a small access markups markup decreases o, w; and total indus-
try profits, but increases ;.

g e

then a small access markup increases o, but lowers the access revenues
of network i. The impact on total industry profits is ambiguous as
w4+l is increased, but the term (o —a3) (g3 — qf) (a—c,) is negative.

- Ifdz > dj, and

Proof. A formal proof is given in appendix 9.2. In order to show in more detail
what drives the results of proposition 6, we give here a sketch of the proof. Profits
are the sum of retail revenues

Q; [ti — GG — fz] = o;R;
and access revenues A,
Ai = ai(1 — i) (g5 — @) (a —¢,)

A first difference with symmetric equilibria is that changes in market shares may

affect the access revenue. As A, = A, and o =1 — ay
8A1 8142
A=Z02222 (o — - —c). 22
Jor 9, (a1 — a2)(q1 — g2)(a —c,) (22)

The cost to network ¢ of a tariff cut needed to increase its market share by e

€

equals a;—. The benefits are the extra retail profits, eR;, plus the change in
Ho

access revenues, ¢A’. In equilibrium, retail profits per customer thus satisfy

a @

Ri=—-A and Rj=—-A4A

o o
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The term A’ reflects the incentives of networks to boost access revenues by in-
creasing their market share. If networks can increase access revenues by having a
higher market share (A’ > 0), then competition for market share is tougher and
retail profits will be lower. If access revenues are reduced by a higher market share
(A" < 0), competition is softer and retail profits are higher. As flows between
networks - and thus the absolute size of access deficits and revenues - increase
when market shares are more equal (s is maximal for ay = as = 0.5), both
the largest and the smallest network compete more fiercely for market share if the
largest network faces an access deficit. Similarly, if the smallest network incurs
an access deficit, an increase in the access charge gives both networks incentives
to decrease their market share and thus to raise their tariff. These incentives to
lower or increase tariffs in order to boost access revenues, however, do not affect

the equilibrium market share, as the latter depends only on R; — R7,,

oy = (5 + o lwe—wil) =g (5 + o lsala) = B — sa(ay) + )

*

Given s;(q;) and s;(g;), af is thus still identical as in the Hotelling model with

unit demands, of = o/’ (s:(¢i), s;(g;)), but equilibrium profits now equal

2
H
Q;
7T;<:OéiRi—FAi:<IUJ—O_)—OQA/+AZ':7T1H—OQA,+A1' (23)

yielding total industry profits of
= A (24)

Suppose first that ¢ and ¢ are given or determined exogeneous. Total industry
profits are then increased by an access markup if and only if the access charge
softens competition for market share (A’ < 0). Nevertheless, even when A" < 0,
there is no scope for collusion: the absolute size of the access deficit incurred by
one network |A4;|, is always larger than the gains from softer competition, —a; A’,
induced by this access deficit.!?

Let us now take the impact of a on ¢ and thus on «; and 7/ into account. As
usual, marginal prices are set at perceived marginal cost

g = q(pi) = q(ci + aj(a — co)) (25)
2Quppose A; <0, then
A A; a;
—o; Al = *ija—; tag ot = 14— 4] < 14

so that profits of network j incurring an access deficit are

H_ % 4.
7T] ai‘j‘
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Market shares depend on s;(g;) — s;(qj), where s;(¢;) = u(q;) — c;iq; — fi decreases
with ¢; for ¢; > ¢q(c). From (25), if ¢; = ¢; and o; > «; for a = ¢,, an access
markup increases ¢; — ¢; and thus s;(q;) — s;(q;) : if marginal costs are more or
less equal, an access markup increases the largest market share. On the other
hand, if o; = «; for a = ¢,, and ¢; < ¢;j, a small access markup decreases
si(q;) — sj(q;) : if market shares are more or less equal, a small access markup
lowers the market share of the network with the smallest marginal cost. We
distinguish two cases:

(1) If ¢; < ¢; and oy < «; for a = ¢,, both forces go to decrease a;. As
network ¢ then also incurs an access deficit, a small access markup lowers profits

of network i. On the other hand, since a decrease in «; increases 7/’ + 7 and

from (22), A’ < 0, total industry profits, given by (24), are increased. Thisjresult
goes also in the other direction. If for a > ¢,, A’ < 0, that is if an access markup
softens competition, then the smallest network incurs an access deficit and, from
(25), has a smaller marginal cost: if an access markup softens competition, then
it also lowers profits of the smallest network.

(2) If ¢; < ¢; and o; > ay for a = ¢,, then an access markup results in an
access deficit for the largest network (network ¢) and thus toughens competition

for market share (A’ > 0). Profits of network i are given by

mi =l - Al <l - |4
@

where 71 = (;)? /0. If o /i; is relatively small compared to ¢;/c;, then an access
markup still decreases the market share of the network incurring an access deficit
(network 7) - and thus its profits. The exact condition is given by (20). From
(24), also total industry profits are lowered. On the other hand, if a;/«; is large
relative to ¢;/c;, an access markup increases «;, and so that, a priori, its impact
on 7 is ambiguous. W

Proposition 6 tells us that networks’ profits equal the standard Hotelling prof-
its for unit demands, as in a symmetric equilibrium, plus, for a # ¢,, a term spe-
cific to network competition. Moreover, the access charge may affect the standard
Hotelling profits through its impact on s;(g;) —s;(¢;) (and thus on market shares),
whereas the latter are independent of a in a symmetric equilibrium. From (18),
the access charge essentially changes the level playing field between the two net-
works: neglecting its impact on market shares, an access markup lowers profits
of the network which incurs an access deficit and raises those of the network in-
curring an access revenue. For small access markups, this is always the network
with the lowest marginal cost (which we denote by network 7). Taking the impact
of an access markup on market shares - and thus on 7/ - into account, lowers
the profits of network ¢ even more if it also has a smaller market share for a = ¢,
or, in the opposite case, if a;/a; is relative small compared to ¢;/c;. This case is
typical for entry by a low marginal cost operator. Due to its partial coverage of
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the market or due to switching costs'?, the entrant tends to have a smaller market
share, or, if ¢; > ¢; only a slightly larger market share, than the incumbent. It is
then in the interest of the incumbent to insist on a high access charge. While ex
post, this leads to above marginal cost pricing (for a > ¢,, ¢’ and q; are smaller
than ¢(c)), ex ante, the prospect of high access charges may also deter entry by
a low marginal cost entrant if there are substantial fixed investments and/or the
low marginal cost technology involves a large fixed cost per customer.
If, on the other hand, a;/a; is relative large compared to c¢;/c;, then an access
markup still results in an access deficit for network ¢, but it increases also its
market share. A priori, the impact on profits is thus ambiguous. But, as we
have shown above, the access charge then also increases competition for market
share which lowers profits of both networks, as is reflected by the (negative) term
(@ — co)(af —ab) (¢5 —¢f) in (19). Intuitively, the impact of the access deficit
and this increased competition is likely to dominate the advantages of a possibly
larger market share.

To put our analytical results in perspective, we report simulation results on
competition between an entrant, F, with partial coverage (u# = 0.8) and an
incumbent, I, which may only differ in marginal costs.'*

a=c¢c a—¢c =02 a—c, =04

TR = . 146 .134 .126
ce=09<c¢c=1 mr= .105 .114 .120
ap = .459 .459 .459
= .077 . 083 . 088
ce=1>¢;=09 m;= . 184 . 168 .151
ap = .607 .611 .618
= .1089 .1091 .1097
cp=c =1 T = .1422 1418 . 1407
ap = .933 .935 . 038

13Proposition 6 is robust to the case where customers incur a fixed switching cost S when
they join the entrant. If the entrant has full coverage, its market share is then

§+f7[w2—w1]

N =

such that
< * *
+ 3 [s(a1) — se2)].

14Qther parameter values are n =2, 0 = 2.5 and f; = f; = 0. Simulations where p =1, but
fi < f; would yield similar results: from the expression for ol differences in fixed costs have

the same impact on market shares - and thus on profits - as differences in coverage.
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- The first case deals with entry by a low marginal cost operator (cp < ¢;).
Since condition (21) of proposition 6 holds practically at the equality, the access
markup has almost no impact on the market shares. Profits, on the other hand,
are considerably affected: the entrant’s profits fall by £15% while the incumbent’s
profits increase by +£15%.

- In the second case, the incumbent has a smaller marginal cost (cx < ¢;), and
condition (21) is largely satisfied. As predicted, the access markup increases the
market share of the incumbent. Nevertheless, the incumbent’s profits fall by
more than 15%. Also total industry profits falls by some 8%, as the access deficit
induces tougher competition for market share. The impact of the access charge
on the access deficit and on competition thus by far outweighs the benefits of a
larger market share.

- Finally, we look at the case where marginal costs are identical, which is not
covered by proposition 6. The impact on profits is then negligeable (less than
0.1% of profits).

8 Concluding remarks

Previous research on network interconnection and two-way access has mainly fo-
cussed on linear pricing, thereby emphasizing the collusive power of the access
charge. Given that competition between telecommunications operators de facto
is competition in nonlinear pricing, this can only be justified by an implicit as-
sumption that linear prices are a good short cut of nonlinear prices. Though the
seminal work of Laffont et al. has shown that in a simple model with homoge-
neous customers and a symmetric equilibrium, the collusive effect of the access
charge then completely disappears, both Laffont et al. (1998a,b) and Armstrong
(1998) argued that once customers are heterogeneous in demand and marginal
prices differ from marginal cost, results are likely to resemble those under linear
pricing more closely. Since subsequent research and policy oriented publications
have continued to report results obtained under the assumption of linear pric-
ing, often without mentioning the result on two-part tariffs in Laffont et al., the
idea that the access charge is an instrument of collusion has become widespread
among policy makers.!?

This paper has argued that the collusive effect of the access charge totally
depends on the - in reality not satisfied - assumption of competition in linear
pricing. Our results suggest that once sufficient (network) competition has been
developed, regulation of both final prices and access charges can be withdrawn,
that is the telecommunication industry is potentially competitive. This, however,
is not necessarily true in the entry phase of competition when networks tend to
differ in their cost structure and/or coverage. The access charge then has a level-

15See e.g. Armstrong (1997), Carter and Wright (1997), Carter and Wright (1999), Doganoglu
and Tauman (1996).
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playing field effect: it increases profits of one network, and lowers profits of the
other. If networks have different marginal costs, this impact on profits may be
huge. To the extent that the bargaining power is unequally distributed among
networks, the negotiated access charge is likely to differ from the marginal cost
of access. A regulatory body which intervenes in case operators do not reach
an agreement may then be necessary to restore efficiency. Future research on
two-way access should investigate more thoroughly how a high (or low) access
charges may give an unfair competitive advantage to a particular network'® and
examine further the (determinants of the) bargaining process.!” The regulatory
framework, that is wether or not access charges must be reciprocal, if there is
a mandated access charge in case of no agreement and so on, is likely to affect
considerably the efficiency of the bargaining outcome.
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9 Appendix

9.1 Implicit price discrimination.
9.1.1 Standard model

Proof of lemma 2:

As we make also use of lemma 2 in the proof of proposition 4, we provide a
proof for the more general case in which oy may differ from g, although we
restrict ourselves to the case in which a > ¢,, the case a < ¢, being similar.
As symmetric equilibria in which networks serve only one segment can easily
be ruled out for k; close to kg, the first order conditions must be satisfied.
For A\, = Ay = 0, it follows from the FOC that the symmetric equilibrium is
uniquely defined and given by {QL,fL,dH,fH}. Consequently, if {QL,fL,QH,fH}
is not incentive compatible and if a symmetric equilibrium exists, at least one
incentive constraint is strictly binding: Ay > 0 and/or A, > 0. We characterize
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the incentive compatible symmetric equilibrium contract, {t,q},t5, g5} The
first order condition with respect to q;, and gy yield

po, [k Mgy T — (4 252 = A [ = k" g 7T = 00 (26)
(1= wan [k gy " = (c+552=)] + A [k = k" 57" = 0 (27)

with Ay and/or Ay, strictly positive. Incentive constraints can never be binding at
the same time: setting both IC’s at equality and subtracting yields ¢}, = ¢ = ¢*;
however, from (26) and (27), one must have then that

A A
Yn _ g 1/n) (o x\—1/n L H n _ 1/n) ( #\—1/n _
[kH kr }(Q) +<(1—M)04H+M04L> [kH kr }(Q) 0

which is impossible if both A;, and Ay are positive. Thus either (Ay > 0, A, = 0)

or (Ay = 0, A, > 0). The proof can now be constructed by contradiction: (Ay = 0, A, > 0)
holds if (Ay > 0, A, = 0) is impossible and the other way round. We distinguish

two case:

a) The incentive constraint of the light users is violated in the explicit price dis-
crimination equilibrium.

Suppose that {w},q;,wj, g5} is then such that the IC of the heavy users is
binding, thus Ay > 0 and A\, = 0. We then have

* * 1 1 * 1—1
wiy —wj, = 5 (k" = k" g (28)

while from the FOC with respect to w;, and wy,

1/n % 1-1 X ¥ (a—co)
[nj__lkL/WQL e wy, —cqr, — f} +

S:AH/[LO'L—FI/QO'L (29)

* 1— * * a—©C
{WJ_T]C}J/UQHl Y — Wy — 4y — f} - (1 — #)S =—An/(1 =)oy +1/201 (30)

where S is the net inflow of calls in the light user’s segment:
S =S8 An) = (Upgr + (1 — p)ar] — pqr)
Subtracting (29) and (30) and substituting (28), we find

k" gy Y = ) = gy — 1) (31)
_JL—9H , (a— CO)M /(1= wow — u /o

(1 = p)
For 6 = ky — kg, small, S(\;, A\g) can be approximated by a Taylor expansion.
As for Ay > 0 and A\, =0,

20’HO'L

. . . . 2)\H [k}*{/n_k}/ﬂ n
qy=qu and q,=q.|1— 0 w7 )
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we find after some computations that

AS(\r, A o
S(AL, Am) =6 <% é_o,AH_A’;,> =20Ap (1 — p)(c+ %5=)™"
It follows that for 6 or a—c, small, Ay /(1 —p)oy + Ay /por, — (a—co)sﬁ’(\fi’?) >0,
so that o — o
1/np [ *1-1/n *1-1/n * * L — UH
ok gy =g = el - ap) < T (32)

On the other hand, the explicit price discrimination outcome {qr,, W, Gm, Wr}
satisfies'®

[k "G — iy, — e — f] = 1/200 (33)
k" " — oy — equ — f| =1/20u, (34)

and
ty — oy, > 2 k" = k] g (35)

Subtracting (33) and (34) and taking (35) and ¢}, = ¢u into account, we find

n g /n [ x1=1/n  s1-1/n] * 4 0L —0H
n_lkH [QH qr, } C(QH QL) > 2010 (36)
But y
O (kg1 — ¢qp,
(’7—1 H % ) = kg V" — >0 q < kuglc)
As for Ay >0, ¢} < qr = krq(c+ %5*2) < kyq(c), from (36), also
1/ *1-1/ *1-1/ * * O —0OH
n_?_lan {QH T qr, n} - C(QH - q/;) > m (37)

which is in contradiction with (31): Ay > 0 and A\, = 0 is impossible.

b) The incentive constraint of the heavy users is wviolated in the explicit price
discrimination equilibrium.

Suppose that {w}, ¢}, w}, ¢} is then such that the IC of the light users is
binding, thus A;, > 0 and Ay = 0. We then have

1 1 £1-1

/m kL/n} q /n

Wy — W, = 53 [kH

— Co)

1/n % 1-1 X * (a
[nj__lkL/n‘ZL m_ Wy, —¢qp, — f} +

S = —)\L//LO'L+1/2O'L

* 1— * * a—©C
{nﬂ__lkgn%fl 1/n_wH _CQH_f] - (1 _N)S: Ar/(L—p)oy +1/204,

18From our balanced calling pattern assumption, Ar,(qr,dr) = Ar(4r,qm) = 0.
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from which
Lk gy T = qp Y = elg — ap)

. O, —0Oxy (CL — Co)

20’HO'L ,Uj(l - M)

On the other hand, the explicit price discrimination outcome {qr,, W, Gm, Wr }
satisfies now

S+ An/(1 = plow + Ar/por,

1 A1—1 A1—1 A A 0L, —0H
nJ_—lk‘L/W [QH /m q, /W} — C(QH — qL) < m

Subtracting the previous equations, we find:

1 * 1—1 ~1—1 * ~ a—Co
kM g = V) = elah - dn) > 2k Ak + s (39)

For § = ky — k;, small, the LHS of (38) can be approximated by a Taylor expan-
sion. As for A\, > 0 and A\ =0,

n
. . 2)\ kl/n_kl/n
qz:qL and qE:qH(l_’_( L {H Lw ’

L—p) "
we find
_ _ A
1 * 1-1 11 * AN AU L A—Co\ —
k" gy = ”}—c(qﬂ—qH):é(l_m(H 52)~(a — c,)

On the other hand, as ¢; = ¢, while ¢j; > ¢u, we have S > 0, such that

Ar/(L—p)ow + Ap/por, + ﬁﬁ%s > Ar/(1 = pog + Ar/por,

It follows that for 6 small, (38) is violated: A, > 0 and Ay = 0 is impossible. B

Proof of proposition 2.
1) Equilibrium profits are independent of the access charge:

We first show that if a symmetric equilibrium exists, profits per firm are
independent of a and equal 1/40. We maximize the network’s profits, given by
(2), subject to the incentive constraints, which can be rewritten as

wy —wy, > k" =k (39)
wy —wy, < ki =k @ (40)

With Ay and A, the lagrange multipliers of the incentive constraint for respec-
tively the heavy users and the light users, the FOC with respect to w;, and wy
yield

Ay — AL+ p/2 = po {n—?—lki/UQi_l/n —wy —cqL — f} - (41)
o (pgr — £ [pgr + (1 — p)qul) (a —c,)
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Awt At (-2 = (= po |ky"ay " wn — e~ ] (42)
+o (pqr, — £ pgr, + (1 — p)qul) (@ — co)

Summing up and substituting w; and wg, we find

plte —cqr — fl+ (1= p) [ty —cqu — f] =1/20

But in a symmetric equilibrium, each operator gets exactly

1/2(p(t, —cqr, — f) + (L= p) (twr — cqu — f)]

Hence, equilibrium profits per firm are 1/40.

2) Equilibrium contract:

For a = ¢,, network i’ s profits on the customer segment s are strictly con-
cave in {qs, ws}.1? As a result, total profits given kr,, ky are strictly concave in
{qr,wr, g, wr} for a = ¢, and the Hessian matrix D*r(qr,, wr,, qrr, wyr) is neg-
ative semidefinite for a = ¢,. Fix the average customer type k. As all terms of
D*n(qy, wy, qu, wy) are continuous in ky, ky and a, then for any &' = ky —k;,, one
can find an access charge a’ > ¢, such that D?m(qp, wy, qu,wy) is still negative
semidefinite and thus profits are strictly concave, for ¢, < a <a’ or 0 < 6 < ¢'.
A candidate equilibrium satisfying the FOC is then effectively an equilibrium.
From these FOC, if networks can discriminate explicitly, a unique symmetric
equilibrium exists and is given by {qy, 4z, Gy, Gy} (cf. section 4). As shown in
the text, given ky — k;, € ]0,8'], for a close enough to ¢,, IC’s are satisfied by
{qr,0r,qu, iy}, which is thus also the equilibrium under implicit price discrim-
ination. On the other hand, given a € ]c,,d'], for ki, close to kg, the IC of
the light users is violated by {qr, ur,dm, Gg}. From lemma 2, then Az, > 0 and
Ay = 0 and symmetric equilibrium quantities are characterized by

1/m
kg

[k}{/n_ki/n n
q; = qr = krglc+%52) and g =dn |1+ 324 > G

Similarly from (41) and (42), profits per heavy user, 7}, and light user, 7}, are

* 1_‘[_ )\L d * 1 )\L
Ty =—+——— and 7 = — —
B9 " o(1—p) L2 o(p)
and thus
=1 —)\—L<f and t5, —cqt, =ty — cd +L>f —cq
L=1tlL ol L H qy = lH qH U(l—ﬂ) H qH -

9See Laffont-Rey-Tirole 1998a, appendix B.
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9.1.2 Two-part tariffs

Proof of proposition 3:

Equilibrium profits: Competition can be seen as one in which networks compete
in net surpluses (wp,wy) and usage fees rather than fixed fees and usage fees,
in which case profits are given by (2) with qy = kpq(py) and q, = kpq(pL).
Incentive constraints can be rewritten as

The proof that in any symmetric equilibrium, profits are independent of the access
charge and equal 1/40, is now identical to the one in the standard model.
Equilibrium contract: Profits are strictly concave for a = ¢, and thus also for
a close to ¢,. As argued in the text, for a > ¢,, the equilibrium contract under
explicit price discrimination is not implementable in two-part tariffs as then the
IC’s of the light users would be violated. As the proof of lemma 2 can be applied
for competition in two-part tariffs, this /C' is then binding in equilibrium. From
the FOC with respect to p;, and py:

L =c+ %52 and py= ct5e < pt
Pr 2 DPu N, [kynfki/ﬂ pr
1+
(T—p) k"

From the FOC with respect to w;, and wy, profits per heavy user, 7};, and light
user, 7, are

1 )\L 1 )\L
o _— d * 2
TH 20 + o(1—p) and T 20 ou
and thus
Fi o= 1)20+ f — Z—Zkq( )—)‘—L
L = g 5 L4\PrL ol
AL
FY o= 1/92 — (py — 2
1 /20 + f— (pn C)k‘HQ(pH)JFU(l_N)

Of course, as pj > pj;, one must also have Fj; > F;. B

9.1.3 Limits to the neutrality of the access charge on profits

Proof of proposition 4.

Proof. From the FOC with respect to (wy,q.) and (wy,qy), the equilibrium
under explicit price discrimination is characterized by (6) and (7) and (8) and
profits under explicit price discrimination are 7}, = /40, + (1 — p)(4oy). From
the first order condition with respect to w;, and wg, profits under implicit price

32



discrimination are given by 7* = 75, + (Ay — AL) (1/20, — 1/20y) with Ay and
Ar the lagrange multipliers of the IC' of respectively heavy users and light users.
This proves (11) and (10). From (6) and (7) and (8), the explicit price dis-
crimination equilibrium satisfies the IC of light users and heavy if and only if
respectively (12) and (13) are satisfied.

We are now ready to prove the first part of the proposition. As for a = c,,
Vi (4L) — Vu(Gu) is negative and Vi, (q.) — Vi.(¢u) is positive, for |oy — o] suf-
ficiently small |Fyy — F| tends to zero and both IC’s are satisfied and 7* = 77,.
On the other hand, both Vi(4.) — V.(Gr) and Vg (dr) — Vi (du) go to zero as Ak
goes to zero, such that given |oy — 0|, the IC of customers with the smallest
perceived substitutability are violated for Ak sufficiently small. From lemma 2,
the same IC then is binding in the equilibrium under implicit discrimination and
from (11) and (10), 7* < 7},.

The proof of the second part goes as follows. (1) When ¢ + “5% goes to zero,
Gu — qr, tends to infinity such that V;(qr) — Vi(4u), (s = L, H) increases without
a bound when a gets smaller. For a small enough ICY, is then always satisfied,
while ICy will be violated. From lemma 2, for Ak small, the IC of the heavy
users is then binding under implicit discrimination such that from (11) and (10),
™ > 7w}, if oy > o, and 7 < 7}, if 0, < oy. (2) A negative access markup
(a < ¢,) always decreases Vi (Gr,) — Vi (Gu) and Vi,(Gr.) — Vi.(Gu), which reach a
minimum respectively for aj; > ¢, and aj > ¢, where

L+ (ay —¢,) /2¢ = Ak/ (k= ky"k; ")

L+ (ay — co) /2¢ = Ak/ (kg "y — k).
Denote this minimum respectively by —Vy and —V;. As for a > c,, Vi (qr) —
Vi (qu) is always negative and for ¢y < krq(c), Vi(qr)—Vi(Gn) is always negative,
both —V}; and —V}, are negative. For |0y — 0| - and thus also |Fy — F}| - small
enough, there exists then an a’ > ¢,, such that the IC' of the light users is violated
by the explicit price discrimination equilibrium. If also Ak is small, the IC of the

light users is then binding under implicit discrimination and 7* > 77, if oy < o,
™ <npifor, >op. B

9.2 Entry and asymmetric equilibria

Proof of proposition 6: Network 4 solves:
EBE}]X{M = aij(wi, wy) [s(q:) — wi] + A}

with

s(¢:) = u(q)—cq—fi
A = ai(wi, wy)(1 = ai(wi, wy)) (g5 — g:)(a — ¢)
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Equilibrium profits: In any shared market equilibrium, the first order condition
with respect to w; must be satisfied, this yields:

Uy

ua—i —a; — poay(g; — gi)(a —¢,) =0 (45)
and thus )
T = Z—; +ai(q —a)(a—c) = R + 4 (46)
where -
R, = E + (o — o) (g5 — @i)(a — co)

Industry profits:

(%’)2

o Ho

i+ =Ry + o Ry = + (s — a5)(q5 — @:)(a — ¢)

Equilibrium quantities: The first order condition with respect to ¢;, yields

g =qp;) = q(ci + aj(a —¢,)) (47)

Equilibrium market shares: Suppose network 1 to be the incumbent in case of
entry, o is then given by

1
a = 1 —u§—|—u0(w1 — ws)

1
= 1- u§ + po [s(q1) — Ry — s(q2) + Ry

1 aq (1 — Oél)
= 1—p= 4 G
pg + o s(a) o s(q2) + o
which yields
1 1—p po

OéI:§+—3 +?[81—82]

Comparative statics: The comparative static results are a direct consequence of
the following observations:
(1) Impact of a on market shares: We have
do} o [dsi dsjl

da 3 |da da
As for a = ¢,, p} = ¢;, and M(pz)) = 0, it follows that da; =0.
dp |pi=c¢ a|a=c,
A small access markup increases s; — s; and thus o if
d’s;(q(p;)) d*si(q(pi))
da? |a:co< da? |a:co<:>
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9s;(a(p;)) <%>2 _ Osilalpy)) dps
la=c

op? da Op? da | a=c,
dp; op;
h —_— - . d
where dala=c,  Bala=c a;, an
o2 (pl—n _ c»p")
1 i
0si(a(pi) =y o
821) | a4 = Co 8}?2 | a=c, CU+1’

A small access markup thus increases oy if (og/a;)? > (¢;/c;)"
Similarly, a small access markup decreases «; if (o;/a;)* < (¢;/ci

(2) Impact of a on the access deficit: As ¢; < ¢;, ¢f > ¢; for a small (but
positive) and a small access markup results in an access deficit for network i.

(3) Impact of a on total industry profits: A sufficient condition for total
industry profits to increase is that a small access markup decreases the smallest
market share (as this increases a;* + «;?), and results in an access deficit for the
network with the smallest market share (as then (o; — o;)(g; — ¢;)(a — ¢,) > 0).
A sufficient condition for total industry profits to decrease is that a small access
markup decreases the largest market share and results in an access deficit for the
network with the largest market share. ®

)n+1'
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