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Abstract

We analyse network competition in a market with international calls. We show that na-
tional regulatory agencies (NRAs) have incentives to set regulated termination rates above
marginal cost to extract rent from international call termination. International network
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1 Introduction

Telecoms markets have gone global over the last decades, both in terms of traffic and ownership
structure. Annual international call volumes, for example, grew at a rate of around 15% per
year between 1992 and 2007.! Former national telecoms champions have expanded abroad
and merged to create international network operators. Four big international network operator
groups, Vodafone, Telefonica/O2, T-mobile and Orange, now hold a 78% market share of EU-
wide mobile subscriptions (Benzoni et al., 2011).

The internationalisation of telecoms markets has motivated policy initiatives to coordinate
sector-specific regulation across borders. At a general level, a single European telecoms market
is part of the Europe 2020 agenda. The Body of European Regulators for Electronic Commu-
nications (BEREC) was established in 2009 as a part of the Telecom Reform Package, to help
national regulatory authorities (NRAs) coordinate and implement the EU regulatory framework
for electronic communications. At a more specific level, efforts have been undertaken to coor-
dinate regulation of the termination rates operators charge for completing calls from external
networks. These are regulated in most developed countries because termination rates are viewed
as central in determining market performance. In an attempt to ‘“realise the full potential of
a single telecoms market”, the European Commission in 2009 set out cost factors that all EU
national telecoms regulators should take account of when setting termination rates. The objec-
tive was to equalise differing regulatory approaches thought to “undermine the Single Market
and Europe’s competitiveness’.? Apparently, the NRAs had not done enough to bring national
termination rates close to an efficient level. This concern raises policy questions as to whether
the incentives of the NRAs are indeed distorted, and, if so, what can be done at a central level to
increase regulatory efficiency. The goal of the present paper is to shed light on these questions.

Despite increased globalization of telecoms markets and supranational policy initiatives to
cope with it, conceptual frameworks for thinking about telecoms regulation in the face of in-
creased internationalisation are scarce. Our contribution is to extend the workhorse model of

network competition to include international calls. This framework allows to analyse the proper-

!According to market research firm TeleGeography, see http://www.telegeography.com /research-
services/telegeography-report-database, accessed November 2013. Since 2007, growth has mainly been due to an
increase in international VOIP traffic.

2See Telecoms: Commission acts on termination rates to boost competition, accessed Novem-
ber 2013: http://europa.eu/rapid/press-release IP-09-710 en.htm#PR_metaPressRelease bottom, and the
frequently asked questions supplementary material at http://europa.eu/rapid/press-release MEMO-09-
222 _en.htm?locale=en.



ties and welfare consequences of national termination rate regulation in an international market
of network competition.?

Our main result points to a regulatory failure which distorts regulated termination rates
in international telecoms markets. If markets are entirely national, in the sense that there are
no international calls and network ownership is national, then NRAs implement the first-best
optimal policy by requiring operators to set termination rates equal to the marginal termination
costs (Laffont, Rey and Tirole, 1998,a,b). In an international market, NRAs have a unilateral
incentive to deviate from this first-best policy by increasing the regulated termination rate to
extract termination rents from international calls. The exercise of market power on international
termination effectively transfers rents from consumers abroad (through higher international call
prices) to domestic consumers (through intensified network competition in the home market).
Indeed, it is a concern for domestic consumers, and not for the domestic industry, which causes
NRAs to increase termination rates. Distortions are exacerbated when more international calls
are made, so the European Commission’s increasing concern with excessive domestic termination
rates appears warranted.

A supranational and benevolent regulatory agency could implement the first-best policy in
this complete information framework by requiring all network operators to set termination rates
equal to their marginal termination cost. But centralised regulation may not be feasible, either
because it violates some principle of decentralised policy making, e.g. the subsidiarity principle
in the EU, or because there is no centralised regulatory agency to implement the first-best policy
(e.g., for EU-US termination). Under incomplete information, centralised regulation would also
be informationally demanding in the sense that it requires accurate and detailed information
about the cost structures of all domestic and international network operators. If NRAs were
the ones furnished with the task of collecting this information, they would have an incentive to
exaggerate marginal costs in order to defend high domestic termination rates. In view of the
problems of centralised regulation, we maintain the assumption of decentralised regulation and
consider instead structural remedies which do not rely on any information about costs. The first
remedy is to facilitate cross-border consolidation of network operations, and is one of the policies

currently under consideration in the EU.* The second remedy is full deregulation of telecoms

3This is a model of network competition between operators located in different jurisdictions, where each
jurisdiction unilaterally decides its regulatory policy. Here, these jurisdictions are thought to be EU member
countries, but any collection of countries or states will do, provided there is a flow of calls between them and the
mode of competition is similar to the one described in our model.

“The aim is to increase market integration and allow greater scale economics in the industry; see “EU steps



markets, which is one of the long-term policy objectives of the EU.

Cross-border consolidation of the telecoms market—a shift from national to international
network ownership—has two primary effects on consumers and industry for given termination
rates. If termination markups are positive, then international network ownership drives down the
perceived marginal cost of those outgoing international calls which are now terminated on-net.
This cost reduction benefits consumers because calls are priced at perceived marginal cost. But
consolidation could also soften network competition and increase the equilibrium subscription
fees to the benefit of networks and the detriment of consumers. Hence, consumers could benefit
or suffer from international consolidation. Subscription fees merely represent transfers between
consuniers and firms at an aggregate level. International ownership therefore has a direct and
positive welfare effect through more efficient pricing. However, the regulated termination rate
also changes as a result of consolidation. An NRA concerned with the maximization of domestic
welfare will shift its focus more towards domestic consumer surplus because some of the domestic
profit now floats out of the country as a consequence of international ownership. If network profit
is negatively affected by lower termination rates, then international ownership drives NRAs
to reduce regulated termination rates, which can have an additional positive welfare effect.
Because of more efficient call pricing and potentially more efficient termination rate regulation,
increased market concentration through cross-border consolidation can have a positive aggregate
welfare effect even absent any cost synergies associated with consolidated network ownership. If,
however, network operators anticipate this stricter regulation, then they could have insufficient
incentives to consolidate. In this case, deregulation may be an option.

The NRAs’ incentives to distort termination rates are stronger when international calls are
relatively more important. Even unregulated network operators use the termination rates to
soften retail competition. However, their incentives are independent of the degree of interna-
tionalisation because of profit neutrality on the international segment.® Hence, the termination
rates are more distorted under decentralized regulation than deregulation when markets are in-
ternational. This provides an argument in favour of deregulation. Note also that decentralized
regulation distorts termination rates only if the NRAs can force the network operators to set

a termination rate in excess of what is privately profitable. This property can explain recent

up Single Telecoms Market Plan” by Daniel Thomas and James Fontanella-Khan in Financial Times, April 17
2013.

SIncreased internationalisation has a direct effect on termination profit, however there is also an indirect effect
on the equilibrium subscription fee because internationalisation intensifies network competition. These two effects
cancel out in equilibrium.



proposals by the Swedish Ministry of Enterprise that termination rates in Sweden should be
subject to a regulated floor and not only a ceiling. Our results indicate that the EU should view
legal proposals of price floors with skepticism.

We have organized the paper as follows. The next section discusses related literature. Sec-
tion 3 develops the baseline framework for analyzing network competition and regulation in
the presence of international calls. We show how international call externalities cause national
regulatory authorities to set too high termination rates from an aggregate welfare perspective
under national network ownership. Section 4 considers the consequences of international network
ownership for regulation and welfare, while Section 5 compares deregulation with decentralised
regulation. In Section 6, we analyse the profitability of network consolidation and discuss im-
plications of our results for telecoms policy. Section 7 concludes the paper. Some tedious proofs

not contained in the main text are in the appendix.

2 Related literature

Our framework is related to two separate strands of literature.

Network competition The workhorse model of network competition was developed by
Armstrong (1998) who considered linear and non-discriminatory call prices, and Laffont, Rey
and Tirole (1998a,b) who allowed also two-part call tariffs and price discrimination between
on-net and off-net calls. The emergence of formal models of network competition was a response
to a technological development which had lead network operators to roll-out their own mobile
networks and opened the possibility for facilities-based competition in the telecoms sector. A
key policy question was whether the termination rates networks negotiated for connecting calls
from each other could be used to soften retail competition. This literature is now extensive;
see Armstrong (2002), Vogelsang (2003), and Hoernig and Valletti (2012) for surveys. Recent
contributions include Hoernig (2012), Lopez and Rey (2012), Jullien et al. (2013), Hoernig et
al. (2014), Hurkens and Lopez (2014) and Tangeras (2014). A common feature of this entire
research is the restriction to domestic markets in which national network operators compete
for national consumers. All calls are initiated and terminated domestically. Either termination
rates are negotiated to maximize industry profit, or a single regulatory authority sets termination
rates to maximize total surplus. Our paper extends the workhorse model to an international

setting by letting domestic consumers initiate and receive international calls priced differently



from national calls. We allow for international network operators as well as multiple national
regulatory agencies located in different countries. These extensions make it possible to analyse
cross-border externalities associated with competition and national regulation.

International traffic termination The literature on international traffic termination
peaked during the turn of the century when the FFC imposed rate caps on international termi-
nation settlements. A central issue was the asymmetric call pattern from national operators in
rich countries to national operators in developing countries, which meant that the (negotiated
and regulated) international settlement payments flowed from rich to poor countries (hence the
cap imposed to protect the domestic network operators from excessive fees). The academic
literature on this issue is broad and surveyed in Einhorn (2002) and Jakopin (2008). Our paper
is related by the international dimension, but is otherwise fundamentally different. The litera-
ture on international traffic termination focuses on monopolistic domestic and foreign network
operators(see Hakim and Lu, 1993; Carter and Wright, 1994; Cave and Donnelly, 1996) or on
competition at home but monopoly abroad (see Yun, Choi, and Ahn, 1997 or Wright, 1999).
The papers either assume unregulated termination rates or regulation in one country alone. We
depart by considering network competition at home and abroad. Second, we assume decentral-
ized regulation in both countries. These two features are more in line with how modern telecoms

markets operate.

3 Benchmark case: National network operators

This section develops the baseline framework for analyzing national regulation in the presence of
international calls and competing network operators. It also solves for equilibrium retail prices

given termination rates at home and abroad.

3.1 The model

Demand The are two countries "Home" and "Foreign", indexed by k # | € {H,F}. A
continuum of consumers with unit measure are uniformly distributed on the unit interval in
each country. Each consumer subscribes to at most one of two national networks, indexed by
i # 7 € {1,2}, located at each end of the interval.® A consumer subscribing to network ki pays

the subscription fee tg;, places qi; > 0 calls at price pg; > 0 per call to a fraction X\ of the 5y,

5The assumption of duopoly is not a restrictive assumption. We could extend the analysis to n > 2 network
operators by maintaining appropriate symmetry.



consumers she expects will subscribe to her network, makes gi; > 0 calls at price pg; > 0 per call
to Asj; consumers she expects will be subscribing to the other national network, places xy; > 0
(Zr; > 0) international calls at price ry; > 0 (rp; > 0) per call to M5 (A05;;) consumers she
expects will be subscribing to network /i (Ij) abroad and consumes a numeraire good in amount
y > 0.7 The parameter A € (0, 1] captures that consumers may have a personal network which
is (much) smaller than the total network.® The parameter 6§ € (0, 1] captures the size of the

international network, and measures the degree of internationalisation of the telecoms market.

The representative consumer places her calls to maximize

ASkit( Qi) + ASkju(Qri) + AN0siu(ag) + A0su(Tk;) +y (1)

subject to the budget constraint

ASkiDkiQki + ASkjDkiQki + ANST ki TRs + NOSTRiTR +y + e < 1. (2)

Assume that call utility « is twice continuously differentiable, increasing and strictly concave
(/' > 0 and u” < 0) and that income [ is sufficiently high that call demand depends entirely on
the own-call price: ¢(p) = v'~*(p), ¢(0) < co. We can then let v(p) = max,>o(u(q) — pg) be the
corresponding indirect call utility.”

A consumer located at b € [0, 1] derives utility

~ L ~ o bri — b
vo + ASkiv(pri) + )\Skjv(pki) + ANOsjv(rg;) + )\Hsljv(rki) + I — iy — |k20| (3)

from subscribing to network ki. In this equation, |bg; — b| is the virtual distance from network
ki, and 1/20 is the virtual transportation cost and a measure of horizontal differentiation. The
lower is o, the more differentiated are the networks. To ensure that all consumers subscribe to
one of the two networks, we assume that the utility vg of holding a subscription is sufficiently

high that sg; + sgo = 1, where sg; is the realised size of network ki.

"For simplicity, we assume away fixed networks. Fixed telephony is losing rapidly in importance relative to
mobile telephony. In the US, for example, the mobile-only population went from 6.1 percent in 2004 to 22.7
percent in 2009. Mobile market coverage now exceeds 100 percent in most OECD countries in terms of mobile
subscriptions per capita (all statistics are from OECD, 2011).

8 Allowing A to be small guarantees the existence of a retail equilibrium.

“We assume that subscribers do not attach any utility to incoming calls. Adding call externalities in our
case of on-net off-net discrimination would complicate the analysis a whole lot without necessarily delivering any
fundamentally new insights. For example, the networks may prefer not to connect at all, i.e. set an infinite
termination rate, if call externalities and network externalities are strong enough (Jeon et al., 2004; Berger, 2005;
Hurkens and Lépez, 2010).



As is standard in these models, on-net/off-net price discrimination creates network external-
ities in the sense that the value of belonging to a network depends on the expected sizes Sx; and
Sk of the two national networks. Hence, a change in the subscription fee ty; affects the value of
subscribing to network k¢ both directly and indirectly through its effect on network size. What
is not standard are the international network externalities arising from price discrimination in
the international segment: With international calls, consumer net surplus in a country now also
depends on the expected distribution S;; and 59 of market shares abroad.

To determine subscription demand, let § = (Sg1, SH2, SF1, Sp2) be the expected distribution
of market shares at home and abroad. Expectations are required to be fulfilled at equilibrium:
§ = s, where s = (spy1, SH2, SF1, Sp2) is the realised distribution of market shares. A share
d € [0, 1] of consumers have responsive expectations (Hoernig, 2012; Hurkens and Lopez, 2014)
in the sense that they correctly anticipate and take network effects into account when they
choose which network to subscribe to: § =s. The other 1 — § share of consumers have passive

expectations.!® Subscription demand for network ki equals

(1=2607¢1) [5+0A 0 (Bri) —0(Prs)) N (V(Fri) =0 (1)) +0 (bg—thi) + 5 5k
(1—260 A1) (1—260Ap ) —4(5oN0) 2 h e

164
Ski + 5 Ski =

260 X0, [3 4+ (0(B1)—v(pi;)+o N (v(71) —v(riy))+o (b —ti)+ 252 514 .

+ (1—260Mprr ) (1—260 M) —4(50N0) 2P b r

if both networks have a positive market share. It is a function of the expected distribution of
market shares, §, subscription fees (tg1, tgo, tF1, tpo) and call prices (pg1, PH2, PF1, PF2), where
Pki = (Pkis Pki, Tkis ki) 1 the menu of call prices charged by network ki, ¢, = %(v(pkl) +v(pr2) —
v(Pr1) —v(Pi2)) is the domestic network externality, and ty, = $((re1) +o(rke) —v(T) —v(Tra))
is the international network externality in country k.

Network profit There are four national network operators (NNOs). NNOy; derives its

profits from three sources: initiated calls (call profit), subscription fees (subscription profit) and

10We assume that a share of consumers have passive expectations to align our model predictions with observed
price patterns. As is well known, unregulated network operators soften retail competition in the standard model
of network competition by negotiating a termination rate below marginal termination cost (Gans and King, 2001).
Negative termination markups imply that the perceived marginal cost of off-net calls is lower than for on-net
calls. Hence, the workhorse model predicts off-net prices below on-net prices. In reality, off-net calls are nearly
always more expensive than on-net calls under price discrimination. Positive unregulated termination markups
emerge if, for example, a large enough share of consumers have passive expectations; see Hoernig (2012) and
Hurkens and Lopez (2014). An alternative would be to assume that every subscriber only takes the actions of
some other customers into account - consumers belong to so called "calling circles." The unregulated termination
rate is above marginal cost if the calling circle is small enough (Gabrielsen and Vagstad, 2008; Hoernig et al.,
2014).



termination of received calls (termination profit):

Thi = SkiASki(Pki — €)qki + Skj(Pri — ¢ — k) Qi + 0513 (Te; — ¢ — my)zg; + 051 (Tri — ¢ — my) T
Call profit

+ spi(thi — f) A spidmg(skiQry + 0(sizy + s15205)).

Subscription profit Termination profit

()
The marginal cost of an on-net call equals ¢ = co + ¢, where co (cr) is the marginal cost of call
origination (termination). The marginal cost of call origination plus the domestic termination
rate ay yield the marginal cost of an off-net call co + ax = ¢ + my, where my = ap — cr is the
markup on termination in country k. Under the assumption of reciprocal domestic termination
rates, all international calls have the same marginal cost co +a; = c+m;. Marginal subscription
cost is f. Termination profit is positive if and only if the domestic termination rate is higher
than the marginal termination cost: my > 0.

Termination rates are the same for domestic off-net calls and incoming international calls
for arbitrage reasons. If network capacity is sufficiently high, then each NNO can bypass the
domestic termination rate by rerouting national off-net calls through the international network.
For a marginal cost of rerouting equal to ¢, it is strictly profitable to transit national calls through
the international network if termination @y of international calls is substantially cheaper than
domestic termination: ap < ar — e. In the opposite case of ap > ai + €, foreign networks
can bypass the international termination rate by transiting calls destined for NNOy; through
NNOy;. Hence, termination arbitrage implies ay, € [ay — €, a;, + €]. Marginal rerouting costs
are tiny in modern telecoms networks, so we set ¢ = 0, and therefore @ = a;.'! Note also that
ap > —co because network ki could make infinite profits by initiating an unbounded amount of
off-net calls to network kj if it were the case that ar < —co.

To ensure equilibrium existence and uniqueness, we assume throughout that (p — ¢)¢/(p) is
weakly decreasing in p and that 2¢(p) + (p — ¢)¢'(p) < 0 for some p > c. These assumptions are

met by standard utility functions, such as the linear-quadratic and the exponential.'?

171t was long the case in Sweden that foreign termination was much cheaper than domestic termination. Local
service providers entering the market soon realized that they could save on costs by rerouting calls abroad. After
a number of court cases, the incumbent network operators closed the arbitrage possibility by equalizing the
termination rates for foreign and national calls.

12The CES utility function violates monotonicity, but satisfies the boundary condition for high enough elastic-
ities. It can be shown that all propositions hold even with CES utility.



3.2 Retail equilibrium

NNOQOy; chooses the menu of call prices pg; and the subscription fee ty; to maximize network

profit mg;. The marginal value of raising the subscription fee t; is

g::; = 3?:‘ ASki(Pri — €)qi + Sk (Pri — ¢ — M) Qi + 015 (i — ¢ — my) g + 0515 (Ts — ¢ — my) Ty
Marginal call profit
+ sk | 52 (pri — )i — (Phi — ¢ — M) o] + 0925 [(rgs — ¢ — my)ap; — (Frs — ¢ — mz)@n’]}
Composition effect
0

Skt Gtk — )+ Ak (ks — ki) Tk + O[5 (st + syT5) + Gk s — By)]].

Marginal subscription profit Marginal termination profit

(6)
The first term is the marginal call profit, which reflects that a higher subscription fee tx; reduces
call profit because of a loss in subscribers. The second term is a domestic and international
composition effect. As the number of subscribers falls, more national calls are terminated outside
than inside the network. The domestic composition effect is negative if and only if on-net calls
are more profitable than off-net calls. The third term is the marginal subscription profit. It
captures the trade-off between higher subscription markup and the marginal loss in subscribers.
The final term is the marginal termination profit. It captures the effect on termination profit
of charging a higher subscription fee through the effect on marginal termination demand. The
effect from marginal domestic termination demand is ambiguous. On the one hand, termination
demand tends to fall because there are fewer subscribers to reach in network ki. On the other
hand, termination demand tends to increase because there are more subscribers calling from
the other network. With full market coverage and a balanced call pattern, marginal domestic
termination demand is positive if and only if network ki initially has more than 50 percent of the
subscribers: sy; > s3;. Marginal termination demand of international calls tends to be negative
if incoming calls do not vary to much across foreign networks (x;; ~ 2j;) because then a loss in

own subscribers is not offset by any increase in the share of incoming international calls.

Lemma 1. There exists a unique retail equilibrium (PN yor:tNNOK) i country k # 1= H, F

characterized by Py yor = (¢ ¢+ my, ¢+ my,c+my) and

1 —20A6(v (c) — v(ec+my))
20

tnvok — [+ Amyz(c+my) = (7)

under national network ownership if either networks are differentiated or each subscriber calls a

10



small fraction of the total network (o is small).

Proof. See the appendix. O

The network operator sets the on-net price and all other call prices equal to perceived marginal
costs at equilibrium. To see the intuition, note that a small reduction in the on-net price pg
has marginal benefit Agx/2 to every consumer in the network. This allows the operator to raise
the subscription fee by Agi/2 while keeping all consumers equally well off as before. Hence,
market shares remain unchanged by this manipulation. To the operator, the direct loss in call
revenue is exactly offset by a corresponding increase in the subscription revenue. But as total
call demand increases, the price reduction is strictly profitable if the markup on call prices is
positive (pr > ¢). In the opposite case of a negative markup on on-net calls, the network operator
strictly profits from increasing pg, thereby contracting call demand. At optimum, therefore, the
network operator sets the on-net price and all other call prices equal to perceived marginal cost.
As a consequence of marginal pricing of calls, marginal call profit and the composition effect
in (6) are zero. The optimal subscription fee, t3 yor = thno(mk,0), therefore trades off a
higher subscription markup against the loss in subscribers, taking into account also the effect on
marginal termination profit. The marginal domestic termination demand is zero at symmetric
equilibrium, leaving only a marginal termination profit on international calls.

The subscription fee is set according to a modified Ramsey rule. The left-hand side of (7) is
the markup of the subscription fee over the marginal subscription cost adjusted by the marginal
termination profit. The right-hand side is the inverse of the semi-elasticity of subscription

demand

Bski 1 20

Otk sk T 1- 2000 (v (¢) —v(c+my))

(8)

Pk1 :pkﬁ:p}(\u\]o)C te1=tk2 :t7VNOk

and is a measure of the intensity of competition for subscribers at equilibrium. A higher degree
of network substitutability (o) intensifies network competition and drives down the subscription
fee because tariffs then matter more for the choice of the network. A larger share of respon-
sive consumers (0) or a larger personal network (\) reinforces any positive network externality
(v (c) > v(c+my)) and similarly intensifies network competition.

If the termination markup is positive (my > 0), then increased internationalisation implies
that subscribers become more valuable to networks because they generate more international

termination revenue. In this case, increased internationalisation drives down the equilibrium

11



subscription fee; as is obvious from an inspection of (7).

3.3 Regulation

This section derives the social optimum and analyses national regulation of termination rates in
the presence of national network operators. We show how international call externalities cause
NRAs to set termination rates that are too high from an aggregate welfare perspective.

Social optimum Consumer surplus in country k is the value of national on-net calls, national

off-net calls and international calls, less the subscription fee:
20 (e) + Jv(e+my) + A0v(c + my) — tyyo(mx, 0). 9)

For simplicity, we have normalised consumer surplus by eliminating the utility vy of holding a
subscription and the average cost 1/8c of differentiation, both of which are constant throughout.

Industry profit

thnvo(me, 0) + meA(3q(c + my) + 02 (c + my,)). (10)

in country k consists entirely of subscription profit and termination profit because network
operators set call prices equal to marginal cost (we have removed the total subscription cost, f).
The sum of consumer surplus and the profit of the two national network operators gives

welfare in country k:

WNNOE = %(v (¢) + v(c+myg) + 20v(c+my)) + %mk(fj(c + my) +20&(c+ my)) . (11)

Consumer net surplus Termination profit

The subscription fee vanishes from wynyor by the assumption of constant market size and
because domestic consumer and producer surplus carry equal weight in the domestic social
welfare function.

Under the assumption of unregulated retail competition, the benevolent social planner chooses

the markups my and mp to maximize aggregate consumer surplus and industry profit:

wyno(mm,me,0) = Y 3 (e) + (1+20)v(c+my) +my(qlc + my) + 208(c +my))].
k=H,F

12



The marginal overall welfare effect of increasing the termination rate in country k is

0
JWNNO Smi(q (c+ my) + 202 (c+ my)). (12)
omy,

Aggregate price distortion

At the aggregate level, deviations from marginal costs only serve to distort retail prices of
national and international calls. As a result, the social optimum is to set termination rates at
marginal termination cost in both countries: m*°¢ = 0.

National regulation Let us now contrast the socially optimal termination rate with the
termination rate set by a national regulatory agency in country k&, NRAy. By assumption,
NRA} chooses the termination markup my to maximize the sum of domestic consumer surplus
and domestic industry profit, wynyor. The marginal domestic welfare effect of increasing the

termination markup in country k is

ow A 7
;TNIC% = Smg(c+mr)  + M(mpd (c+myg) + 2(c +my)). (13)

Domestic price distortion Marginal international termination rent

A termination rate different from marginal termination cost (my # 0) distorts both domestic and
international call prices. The first term identifies the domestic inefficiency associated with price
distortions. If there was no international dimension to network competition, i.e. 8 = 0, then
N RAy, would set the termination markup equal to zero, and the regulated termination rate would
therefore coincide with the socially optimal one. The second term identifies a rent extraction
effect on international termination, which tends to drive up the termination rate. While changes
to the foreign termination rate have consequences for welfare at home (Z2MNOE — _ X0 (c+my)),

omy
there is no effect on the marginal benefit of changing the domestic termination rate (8;;‘33781%’“ =
0). Additive separability of the domestic welfare function implies that there is no strategic
interaction among regulatory agencies here. Hence, the NRA behaves as a regulatory monopoly

and sets the termination rate to balance the domestic price distortion against the marginal rent

extraction from international calls:

Proposition 1. A national requlatory authority mazimizing domestic welfare sets a positive

termination markup

mivo 20 1
B = = (14)
c+myyo 1 +20n(c+myyo)
under national network ownership, where n(p) = —q'(p)p/q is the price elasticity of call demand.

13



The regulated termination rate (and therefore the aggregate welfare distortion) is larger when the

market is more international (dm¥ . /df > 0).

Proof. % > 0 for all my < 0, and therefore mﬁNO > 0. Domestic welfare is strictly
quasi-concave by the assumption that (p —c¢)¢'(p) is weakly decreasing in p (recall marginal cost
pricing of calls). Hence, the optimum is uniquely defined by awNiNko’“ = 0, which is equivalent
o (14). This optimum exists because wyyog 18 continuous, m\mk —0 =0 &(c+my) >0,
and &Ug# < 0 for some my > 0 by the boundary condition ¢(p) + (p — ¢)¢'(p) < 0 for some

p > c¢. The comparative statics result follows from strict concavity of wyyor at the optimum and

Pwnno, |

G0 = ﬁi(e +m&yo) > 0. Aggregate welfare is single-peaked at m®¢ = 0,

mE= mNNO

and therefore the welfare distortion is monotonically increasing in m& ). O

Proposition 1 shows that the exploitation of market power on international termination
prevents national regulatory agencies from bringing termination rates down to marginal cost.
Standard arguments would attribute this exercise of trade policy to an incentive to promote
or to protect the domestic industry profit. This is not the case here. A marginal increase
in the degree of internationalization, 6, has two countervailing effects on industry profit; see
(10). For any positive termination markup my > 0, there is a positive effect owing to increased
termination of international calls. But there is also a negative effect because internationalisation
intensifies domestic competition for subscribers and pushes down the equilibrium subscription
fee. To evaluate the net effect of internationalization, substitute the equilibrium subscription

fee (7) into (10) to get:

WNNo(mk) = %[1 — 20’/\5(1) (C) — U(C + mk))] + %mk(?(c + mk) (15)

Subscription markup Domestic termination profit
The two effects of internationalisation cancel out, leaving domestic industry profit independent
of . Hence, it is not a concern for domestic industry profit which drives policy makers to
distort termination rates. Rather, domestic consumers are the ones who benefit from interna-
tionalisation because of the reduction in the subscription fee. Network operators abroad are
not affected by any changes to the domestic termination rate, so the exercise of market power
on international termination effectively transfers rent from consumers abroad (through higher

international call prices) to domestic consumers (through lower subscription fees).
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4 International network operators

The previous section established that NRAs have incentives to set excessive termination rates
from an aggregate welfare perspective. This section discusses the structural remedy of encourag-
ing international network consolidation. Our main finding is that cross-border consolidation—a
shift from national to international ownership of networks—can incentivize national regulatory
authorities to set regulated termination rates closer to marginal cost. International ownership
increases aggregate welfare if network externalities are weak and markets are characterized by

an intermediate degree of internationalisation.

4.1 The model

Call demand and subscription demand are the same as in the Section 3. The difference is that we
now assume the two national networks Hi and F'i to be owned by international network operator
INO;, i € {1,2}. We can think of each country having one INO each as result of previous
national monopolies having expanded abroad. The profit of INO; equals m; = wp; + Tp;, where

national profit in country k now equals

Thi = SkiASki(Pki — €) Qi + Skj(Dki — ¢ — M) Qs + 0513 (Thi — €)Thg + 0515 (Thi — ¢ — my) Ty
Call profit
+ stk — f)  + Sspidmg(skiQrj + 0s15775).

Subscription profit Termination profit

(16)
Compared to the profit of network ki under national ownership, see (5), the perceived marginal
cost of an international call now depends on whether the call is terminated in the own network
abroad (with cost equal to ¢) or in the foreign network abroad (with cost equal to ¢ + my).
Previously, all international costs had the same perceived marginal cost ¢ + m;. This difference
in perceived marginal call cost implies that the INO engages in termination-based price dis-
crimination even on international calls. Second, international termination profit falls (if my > 0)
because INO; now is paid only to terminate calls from one of the two foreign networks. Third,
operator profit now depends in equilibrium on the termination rate in both countries. Hence,

the international network operator is a common agency.
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4.2 Retail equilibrium

INO; chooses a menu of call prices p; = (pmi, Pri) and subscription fees t; = (tg;,tr;) to
maximize profit m;. By increasing the subscription fee tg; in the home country, INO; affects

marginal profit as follows

‘3,?,’; A[Ski(Pri — €) Qi + Sk (Dri — € — M) Qs + 0515 (i — €)Tps + O515(Thi — € — ™) T

k

Marginal call profit

+ ) sk [g%f;[(?ki — )i — (Pri — ¢ = M) Ghi] + 522 [(rhs — gy — (Fhs — € — i) T
2

Composition effect

tosmit Y o (b — )+ Y Amy[ 92
k k

(Skj — Ski)Qj + 9(2?—:;\9“ - Skig%lii)@j]

~
Marginal subscription profit Marginal termination profit

(17)

with a similar effect of increasing tf;.

Lemma 2. There exists a unique retail equilibrium Pinyo = (Pinom Pivor) ond tino =

(B yom tivor) characterized by piyor = (¢, ¢+ my, c,c+my) and

1—=2(1+0)aXé(v(c) —v(c+my))
20

* A -~ -~
tinor — [+ 59(mkx(c +my) —mz(c+my)) = (18)

under international network ownership if either networks are differentiated or each subscriber

calls a small fraction of the total network (o) is small).
Proof. See the appendix. O

As in the case of national network operators, each operator sets call prices at perceived
marginal cost domestically and on international calls. Hence, marginal call profit and the com-
position effect both disappear in the first-order conditions for the optimal subscription fee.
At optimum, the operator balances a higher subscription markup against lower subscription
demand, accounting also for the effect of a higher subscription fee on international marginal
termination profit.

The shift from national to international network operations implies that the call prices of all
international calls originating and terminating inside the multinational network fall (if termina-
tion markups are positive) because the perceived marginal costs of those calls fall from ¢+ mpg

and ¢+ mp to c. Competition for subscribers is affected in two ways. Termination-based price

16



discrimination in the international segment gives rise to international call externalities (in addi-
tion to the domestic call externalities). If on-net calls are cheaper than off-net calls, then positive
international network externalities provide an additional benefit to network operators of cutting
subscription fees, namely the possibility of attracting additional subscribers abroad through a
larger international network. But because the total size of the market is constant, these ad-
ditional network externalities only serve to intensify competition and drive down subscription

fees. This competition effect materialises as an international semi-elasticity

Ski Aty Sig Otk 20

N |:88k1 68” _ BS” 6Sk1:| ‘pl:p2:p;No’t1:t2:t;No - 1 - 2(1 + H)UAé(U (C) - U(C + mk))’ (
Otg; Oty; Oty; Oty;

[ 9sy; Osy; }

19)

which is higher than the national semi-elasticity (8). Recall that a higher profitability of in-
ternational call termination intensifies retail competition at home and drives down subscription
fees under national network ownership. This incentive is comparatively weaker under interna-
tional ownership because there is less termination of international off-net calls to begin with,
and because a loss of subscribers at home now generates termination profit abroad. Because
of the ambiguous effects of consolidation, equilibrium subscription fees can be higher or lower

under international than national network ownership, an issue we shall return to.

4.3 Regulation

Social optimum Consumer net surplus in country k is given by
2v(e) + Jv(e+my) + 50v(c) + 50v(c+ my) — o (my, my, 0) (20)

under international ownership and differs from consumer surplus (9) under national network
ownership in two ways. Consumers benefit from lower call prices on international off-net calls
if termination markups are positive. But the different mode of competition affects also the
equilibrium subscription fee, tyor = tjno (M, My, 0), which could be higher or lower under
international than national network ownership. Hence, the effect of international ownership
on consumers is ambiguous. The profit of the international network operator equals myyo =

miNoH + TiNvor and consists entirely of subscriber and termination profit because calls are
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priced at perceived marginal cost:
Tinok(me, my, 0) = [tino (my, my, 0) + 3my(d(c + my) + 02(c + my)))- (21)

Under the assumption that one international network operator is located in each country,

welfare in country k equals

winok(mg,my;,0) = %(v (¢) + v(c+ myg) + Ov(c) + Ov(c + my)) (22)

Consumer net surplus

+ %mk(qA(c +myg) + 0z(c+ my))

Termination profit
+ mvoil(my, mg, 0) — mrvowk(mi, my, 0)

Ownerhip abroad  Domestic profit loss

Domestic welfare under international ownership differs from domestic welfare (11) under national
ownership in a number of important aspects. First, price discrimination in the international seg-
ment implies higher consumer net surplus because of lower international call prices if termination
markups are positive. But there is also a loss in termination profit owing to less international
termination. The third line above is new. The first term represents the profit on operations
abroad, and the second term represents the part of domestic profit which floats out of the country
owing to foreign ownership of one of the domestic networks.

The distribution of profits does not matter at the aggregate level, only retail prices:

wivo(mu,me,0) = > 3[(1+0)(v(e) + v(c+ my)) + me(@c + my) + 02 (c + my))].
k=H,F

Hence, the socially optimal termination rate is equal to marginal termination cost even under
international ownership.
National regulation The national regulatory agency in country k, NRAj, chooses the

markup myg to maximize domestic welfare, wryogr. The marginal effect of a higher termination
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markup is

owrNok

om. smpg (c+mp) 4 Mg (mpd! (¢ +my) + 2(c+ my)) (23)
k

Domestic price distortion Marginal international termination rent

+ A% (i (¢ + mp) + T(c+ my)) — 3[(1 = 26(1 4 0))G(c + mx) + med (¢ + my)).

Marginal international profit Domestic profit extraction from foreign INO

The first two terms are qualitatively similar to the case with national network operators, see
(13), except marginal international termination rent is lower because of the smaller share of
international off-net termination. The first term on the second line is the marginal effect on INO
profit abroad of increasing the domestic termination rate. Changes in the domestic termination
rate matter because the magnitude of international termination profit affects competition abroad.
Still, indirect rent extraction running through foreign profits is not enough to offset the direct loss
of termination profit: If the first three effects were all that mattered, then regulated termination
rates would be unambiguously lower under international than national ownership. The final
effect determining the regulated termination rate is the desire to extract rent from the foreign
INO active in the home market. INO profit consists of subscriber and termination profit.
Network competition is intense for positive termination markups if network externalities are
strong (0 is large) or markets are international (@ is large); see eq. (19). NRAj extracts
INO profit by setting a high termination rate in this case and above the level that would
prevail under national ownership. In the opposite case of weak network externalities and a small
degree of internationalisation, the best way for N RAy to regulate INO profit is by slicing the
termination profit through a low termination rate. In this case, international ownership drives
down the regulated termination rate. Domestic welfare is additively separable in termination
rates even under international ownership, so the fact that the INOs are common agencies does

affect regulation in the present context:

Proposition 2. A national requlatory authority mazimizing domestic welfare sets a non-negative

termination markup

mivo 40— (1+0)(1 —26) 1 (24)
c+mb, 1+ 36 n(c+mbyo)
under international network ownership if and only if markets are sufficiently international (60 >

maz{0; };—gg}) The regulated termination rate is smaller under international than national
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network ownership if and only if network externalities are weak enough and the degree of inter-

nationalisation is small enough (m?NO < m]}\{,NO if and only if § <1/2 and 0 < 1-26

Proof. The first part of the proof is analogous to the proof of Proposition 1, hence omitted.
Strict quasi-concavity of wyyor and M b = 3 (1 - 26— 460) 2 (c+mby5) yield

omy,  Imp=miyo 21+30

the second result. O

4.4 The welfare effects of international network ownership

Let wryo(m) = wino(m, m,0) be aggregate welfare under international ownership when the
termination markup m is the same in both countries, and define wyyo(m) correspondingly.
Then, wi,, = Wivo(m¥yo) and Wy, = Wnnvo(mB yo) define aggregate equilibrium wel-
fare under international and national ownership, respectively. International ownership has two

welfare effects:

wivo — wino =A0[v(c) — v(c+mRyo) — myyod(c+miyo)] (25)

Reduced call price distortions

R . R
+wino — Wino(MyNo)

Regulatory response

Holding the termination rate fixed at mﬁNo, there is a direct welfare benefit stemming from
the fact that international call prices are less distorted under international ownership. Second,
regulated termination rates are likely to change as a response to the change in ownership struc-
ture, i.e., mFNo #* mﬁ ~o- The regulatory response increases welfare if network externalities
are weak (6 < 1/2) and markets are characterized by an intermediate degree of international-
isation (é+§§< 0 < IT) because then the regulated termination rate is less distorted under
international than national ownership: m?*°¢ < m?NO < mﬁ ~o- The aggregate welfare effect
is ambiguous if network externalities are strong (0 > 1/2) or markets are very international
0 > ) because then call prices are less distorted whereas termination rates are more dis-

torted, m*°¢ < mﬁNo < m?No, under international network ownership. We collect these

observations in a proposition:

Proposition 3. International ownership has a positive effect on aggregate welfare under weak

network externalities and intermediate degrees of internationalisation (wﬁNo > wf,No if 6 <1/2

and&e[éégﬁ] where § > 1722).
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5 Deregulation

This section discusses deregulation, one of the long-term policy objectives of the EU, as an alter-
native remedy to the problem of excessive rate setting by NRAs. When network operators are
free to set termination rates, then the deregulated termination rate is preferable from an aggre-
gate welfare viewpoint to the regulated termination rate set by national regulatory authorities

if markets are sufficiently international.

5.1 The profit maximizing termination rate

Call demands, subscription demands and retail equilibria are the same as in the previous two
sections. Assume first that two NNOs in country k negotiate the reciprocal markup my to
maximize domestic industry profit; see (15). The trade-off facing NNOs in increasing the
termination rate above termination cost is between a higher termination profit and intensified

retail competition through a stronger network externality:

Tno(me) = %c?(c +my) + %mk(’f(c +myg) + %26@’(0 +my,) (26)
—_—

~
Marginal termination profit Marginal network externality

O[>~

(1 = 28)q(c + my) + miq (c + my)).

If the share of responsive consumers is large enough, i.e. § > 1/2; then the network external-
ity dominates the trade-off for all termination rates above marginal termination cost. In this
case, networks prefer a termination rate below cost. In the opposite case, when the share of
consumers with passive expectations is large enough, i.e. § < 1/2, then marginal termination
profit dominates for small termination rates, and unregulated networks negotiate a termination
rate at or above termination cost. The profit maximizing termination rate is independent of
the degree of internationalisation. Hence, a profit neutrality result obtains on the international
call segment. Profit neutrality has shown to be robust to a number of generalizations of the
workhorse model such as consumer heterogeneity (Dessein, 2003, 2004; Hahn, 2004) and call
externalities (e.g. Armstrong, 2002; Jeon et al. 2004; Hurkens and Lopez, 2014), so we expect
even the above profit neutrality result to be robust to generalisations in the same dimensions.
Consider next the case of two INOs jointly negotiating termination markups (mg, mp) to

maximize overall industry profit. By symmetry, this is the same as maximizing network profit
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mivo(mu,mp,0) = > Ytino(me,mi, 0) = f + §mp(d(c+ my) + 02(c + my))] (27)

k=H,F
= Y UL 121+ 0)oAs(v (e) — vle +mp)) + dmu(dle +my) + 02 (c +my))],
k=H,F

(28)

where in the second row, we have substituted the equilibrium subscription fee (18) into network
profit and simplified.

The marginal effect on profit of increasing the termination markup rate in country k is

OmINO

S = A1+ O)((1 = 20)(c + mi) + g (e + 1)), (29)

which is proportional to the trade-off facing the NNOs. Although the presence of an interna-
tional network externality intensifies network competition and tends to drive down the profit
maximizing termination rate, there is a countervailing effect of an increased marginal termination
profit which goes in the opposite direction. Owing to the balanced call pattern, these two ef-
fects cancel out. By inspection of marginal profits above, we immediately note that unregulated
international network operators negotiate the same termination rate as unregulated national

network operators, which is, moreover, independent of the degree of internationalisation.

Proposition 4. The profit mazimizing termination markup is independent of ownership struc-

ture and the degree of internationalisation. It is characterized by

m* 1 -20 (30)
c+m*  nlc+m*)

and is non-negative if and only if network externalities are weak enough (6 < 1/2). The profit
mazimizing termination rate is above the requlated termination rate if and only if network ex-
ternalities are weak enough and the degree of internationalisation is small enough (m* > mﬁNo

and m* > mly o if and only if 6 <1/2 and § < 712(?6 .

Proof. We prove the result for the INO case only, as the NNO case is analogous. If 6 > 1/2, then
BngNko < 0 for all my, > 0 such that m;xy0 > 0 by ¢’ < 0, and therefore networks maximize profit
by a negative termination markup. An optimum exists by continuity of m;nyo and compactness:

my € [—c,0]. If § = 1/2, then 7m;yo is single-peaked with optimum m* = 0. If § < 1/2,
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then %WTNkO > 0 for all my, < 0, so networks maximize profit by a positive termination markup:
m* > 0. Network profit is strictly quasi-concave by the assumption that (p — ¢)¢’(p) is weakly

decreasing in p. Hence, the optimum is uniquely defined by BgITNkO = 0, which is equivalent to

(30). This optimum exists because 770 is continuous, agfé‘;o lmp=0 = A(14+6)(1—-26)g(c)/4 > 0,
and %”TI\;O < 0 for some my > 0 by the boundary condition ¢(p) + (p — ¢)¢'(p) < 0 for some
p>c Ifd>1/2, then m* <0 < mf/NO. Hence, m* > mf/NO only if 6 < 1/2. Let § < 1/2.

Strict quasi-concavity of myyo and ag%O mp=mPy, = %%(1 — 26 — 460)q(c + m¥y,) imply

m* > meNo if and only if § < 127625' O

The unregulated termination rate converges to marginal cost as the share of responsive
consumers increases and network externalities become increasingly important, i.e. 6 — 1/2
implies m* — 0. The network externality vanishes completely in the opposite case when the
share of passive consumers becomes very large, i.e. § — 0. Termination rates are then set to
maximize termination profit by inducing the monopoly off-net price: (p* — ¢)/p* = 1/n(p*).
These results were established by Hoernig (2012) and Hurkens and Lopez (2014) for the case
of national network competition. Proposition 4 shows that the results hold even if we allow
international calls and different ownership structures. Also, the regulated termination rates are
increasing in the degree of internationalisation under all ownership structures whereas the profit

maximizing termination rate is independent of it. Therefore, the regulated termination rates

surpass the deregulated one if and only if markets are sufficiently international.

5.2 The welfare effects of deregulation

Unregulated network operators distort termination rates in a collusive effort to raise profit, and
the unregulated termination rate is excessive from a welfare viewpoint if network externalities
are weak (6 < 1/2). But even national regulatory authorities have incentives to distort ter-
mination rates. In particular, the regulated termination rates are excessive, independently of
the ownership structure, if the degree of internationalisation is strong enough (6 > ;—%g). And
because the aggregate welfare functions wyyo(m) and wyyo(m), are single peaked in m, the

welfare maximizing regime is the one that yields the smallest equilibrium termination rate. In

light of Proposition 4:

Proposition 5. Hold the ownership structure fized. Assume that network externalities are weak

enough (6 < 1/2) and the degree of internationalisation strong enough (0 > éjr—gg) that the
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equilibrium termination markups are non-negative independently of whether they are regulated
or not. Deregulation then welfare dominates regulation (wiyo = Winvo(m*) > wh, and

wino = Wnno(m*) > wly o) if and only if markets are sufficiently international (0 > %).

Proposition 5 underscores that deregulation may be preferable to decentralized regulation

even if unregulated network operators have an incentive to agree on excessive termination rates.

6 Policy discussion

Our analysis has centered around the consequences of decentralised regulation and whether
changes in network ownership structure and deregulation can be desirable from a welfare view-
point. Deregulation is a political decision which in principle can be imposed upon the market
participants if deemed optimal, but network consolidation is not. For sure, regulators and com-
petition authorities can sometimes block undesirable cross-border mergers, but they cannot force
private companies to merge. Also, the anticipation that ownership changes may subsequently
affect regulation can have implications for the incentives to consolidate.

Let full consolidation refer to the case when the four national network operators merge
into two international network operators. Define by T;yo(m) = mryvo(m,m,6) the profit of
an international network operator when the termination rate m is the same in both countries.
Then, ﬂﬁNo = %INO(m?NO) characterizes its equilibrium profit under decentralised regulation,
whereas 7y = Tvnvo(mE o) is the corresponding domestic equilibrium industry profit under
national network ownership. The net effect of consolidation on network profit is WFNO — ﬂﬁ NO-

Holding the termination rate fixed at mﬁ ~No» consolidation has two effects on network profit:

. R R R R R . R R
Tivo(MyNo) — T no = tino (Mo MNos0) — tvo(MyNo, ) — S myvoZ(c+myyo)

— X [mf voi(e+mxo) — 2000 (¢) — vic +mfxo)).
The first term in the first line above is the effect of network consolidation on network competi-
tion, as reflected in the change to the subscription fee. The second term is the negative effect of
consolidation on international termination profit. If the share of responsive consumers is large
enough (0 > 1/2), then intensified network competition resulting from the international network
externalities is sufficient to render consolidation weakly unprofitable at the termination rate

mﬁNoz ﬁ;No(mﬁNO) < W]@NO. Cross-border consolidation also triggers a regulatory response
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which drives up the termination rate, i.e. m?No > mﬁ]\/o > 0; see Proposition 2. This regu-
latory response reduces network profit, W}%NO < wrvo(mk ~NoO), because the profit maximizing
termination rate is below cost and network profit is strictly decreasing for all non-negative ter-
mination rates, see eq. (29). Hence, consolidation reduces industry profit under strong network
externalities. Network consolidation is unprofitable also under weak network externalities and
a small degree of internationalisation because the regulated termination rate then falls to such

an extent as to wipe out all anti-competitive benefits.

Lemma 3. Full consolidation increases total industry profit relative to national network own-
ership under decentralised requlation (ﬂ'ﬁNo > WﬁNo) only if network externalities are weak

enough (0 < 1/2) and markets are sufficiently international (6 > ;};—%g).

Proof. We have shown in the main text that 7%, < #rvo(m% o) if § > 1/2. Define H(m) =
mz(c+m) —26(v(c) —v(c+m)). H(m)=(1—20)&(c+ m)+mi'(c+m) <0 forall m>0
if 6 > 1/2 implies 77vo(mB o) — ™Ryvo = %‘QH(mﬁNo) < %QH(O) = 0 in this case. Hence,
i > iy only if 6 < 1/2. If § < 1/2 and 6 < él—gg, then 7l — mnvvo(mbyo) =
2 H(mPyv o) < 22H(0) = 0 because then mfy, < 0, see Proposition 2, and H'(m) > 0 for

all m < 0. Furthermore, mFNo <0< mﬁ yo < m* and strict quasi-concavity of myyo imply

myno(mityy) < w8y in this parameter range. O

Proposition 3 suggests that international ownership can have negative consequences for aggre-
gate welfare. This problem can occur if, for example, network externalities are strong (§ > 1/2)

or markets are not particularly international (6 < %1—%‘;) because the regulatory response then
conceivably distorts termination rates enough to outweigh the benefits of increased call price
efficiency. But Lemma 3 shows that these concerns are exaggerated if one accounts for the
incentives to consolidate. For network consolidation is unprofitable precisely in circumstances
under which the regulatory response is likely to reduce aggregate welfare. By a combination of

Proposition 3 and Lemma 3:

Corollary 1. Assume that national network operators consolidate under decentralised regulation
if and only if doing so increases aggregate industry profit (ﬂﬁNo > W]]\%,NO). If the degree of
internationalisation is small enough (6 < %), then a requlatory policy which facilitates cross-
border consolidation increases aggregate welfare compared to a policy under which consolidation

18 prohsbited.
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This corollary shows that a first step towards increasing aggregate welfare under decen-
tralised regulation would be to facilitate cross-border consolidation. This result is driven by
an increased efficiency in international call prices and an improved regulatory performance and
arises independently of any additional cost synergies associated with cross-border consolidation.
But consolidation is not enough when international calls become very important (8 > 0 > 11—525)

because then the regulated termination rates become so distorted after consolidation that ag-

gregate welfare falls. A second step to increasing aggregate welfare would be full deregulation:

Corollary 2. Assume that national network operators have consolidated under decentralised
requlation. Deregulation then leads to an additional increase in aggregate welfare (wiyo >

wlt; ) if markets are very international (6 > 12—525

Proof. Lemma 3 states that networks consolidate under decentralized regulation only if § < 1/2

and 6 > é;—gg. If6 <1/2and 6 > 12—525, then (w}yo > whip); see Proposition 5. O

Our result that decentralised regulation is worse than deregulation from an aggregate wel-
fare viewpoint when markets are very international relies on the assumption that the national
regulatory agencies can force network operators to charge higher termination rates than what
are privately profitable, for example by means of a termination rate floor. It is then interesting
to note that the Swedish Ministry of Enterprise recently has proposed that termination rates in
Sweden should be subject precisely to a regulated floor and not only a ceiling, as is currently the
case. The above results indicate that the EU should view such legal proposals with skepticism.
One solution would be to require of all NRAs that they restrict regulation to rate ceilings. Any
attempt by an NRA to force termination rates above the profit maximizing level would be futile
under a termination rate ceiling because the regulation would then become non-binding. How-
ever, deregulation would still be welfare improving in this case because decentralised regulation
would be ineffective and could be rolled back to save on the regulatory burden. Note also that
deregulation can be socially optimal even if termination rates would become more distorted as
a consequence. For weak network externalities and intermediate degrees of internationalisation
(6<1/2and 6 = é%g)’ the only way to induce international consolidation and thereby increase
call price efficiency would be through deregulation (W}%NO < W]}\%,NO, but mixo > Tano)- In
principle, this welfare gain could be enough to outweigh the cost of a higher termination rate.

The incentive for firms to consolidate arises in the present context from relaxed network

competition. The associated increase in the equilibrium subscription fee has no aggregate welfare
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effect by the assumptions that markets are fully covered, so that there are no resulting deadweight
losses, and that consumer and producer surpluses have equal weights, so that redistribution from
subscribers to network operators does not matter. Market coverage now exceeds 100 percent in
most OECD countries in terms of mobile subscriptions per capita (OECD, 2011). Deadweight
losses arising from excessive subscription fees thus seem to be a minor problem in mature telecoms
markets. The regulatory emphasis on cost-based termination rates suggests that efficiency, and
not redistributional, concerns play the major role in shaping EU telecoms policy. Still, there
could be reasons for not allowing market concentration to increase by too much. Today’s high
capacity telecoms networks were rolled out under network competition and not in the era of
national monopolies. One limitation of consolidation could be a weaker incentive to innovate
and improve network performance.

Our analysis takes an industry perspective by comparing national network ownership with
full consolidation whereby the four national networks merge into two international network
operators. A complementary analysis would be to consider the unilateral merger incentives to
get a fuller picture of the consolidation process. The retail equilibrium would be asymmetric
under an asymmetric ownership structure, but retail prices would still be priced at perceived
marginal cost. Full consolidation would be welfare optimal for fixed termination rates because
international call prices would become increasingly efficient with additional consolidation. A
unilateral cross-border merger would probably trigger asymmetric regulatory responses. The
NRA in the country in which a national network was taken over by a foreign network operator
would be more inclined to reduce its domestic termination rate to extract operator rent than
the NRA in the host country, assuming weak network externalities. But an analysis of how
asymmetric retail equilibria and asymmetric regulatory responses affect merger incentives is
beyond the scope of this paper, and we leave it for future research.'?

The European Commission has recently proposed steps to harmonise the European telecoms
markets. These include measures aimed at reducing the margins on international phone calls
within Europe.'* The proposed regulation would mean that “companies cannot charge more
for a fixed intra-EU call than they do for a long-distance domestic call. For mobile intra-EU

calls, the price could not be more than €0.19 per minute (plus VAT).” The proposal further

13This paper excludes also several other interesting dimensions of national and international regulations of
the telecoms sector. Mobile roaming, network neutrality, and spectrum allocations could be fruitful avenues for
further research in the context of the present framework.

4Gee http://europa.eu/rapid/press-release IP-13-828 en.htm. Accessed November 2013.
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states that this measure would ensure that “companies could recover objectively justified costs,
but arbitrary profits from intra-EU calls would disappear.” The present analysis points to less
intrusive measures than direct regulation of retail prices which the EU authorities could invoke
to accomplish reduced international call prices. In this model, the price of an international
call is exactly the same as the price of a national off-net call in the terminating country. This
happens because consumers in our framework base their choice of operator on its full range
of call prices, national as well as international. Non-linear pricing then drives all call prices
down to perceived marginal cost. Hence, increased consumer awareness, price transparency and
harmonisation of termination rates across the EU would probably do a lot to reduce the price
of international calls down to the level of national off-net calls even absent any direct regulation
of retail prices. In this respect, it is interesting to note that the large pan-Furopean carrier,
T-Mobile, already treats intra-EU calls on equal terms with national off-net calls in its German
“Complete Premium” contract (www.t-mobile.de/tarife; accessed February 2014). Authorities
could then achieve the desired reduction of international (and national) call prices by focusing

on reducing termination rates.

7 Conclusion

Motivated by the globalisation of telecoms markets, we have developed a framework to anal-
yse the consequences and welfare implications of decentralised regulation, international network
ownership and deregulation in an internationalised market. We have shown that national reg-
ulatory authorities have incentives to set termination rates above marginal costs to extract
rents from international termination. The efforts by EU policy makers to improve regulatory
performance in the member countries could therefore be warranted. Our results suggest that
the initiatives to facilitate cross-border network ownership could increase aggregate welfare in
international markets. This is the case if network externalities are weak and markets are charac-
terized by an intermediate degree of internationalisation. Full deregulation of telecoms markets,
a long-term policy objective of the EU, can further improve welfare when international calls are
very important. Direct regulation of retail prices seems less important if the authorities achieve

price transparency and manage to get termination rates right.

28



References

Armstrong, M. (1998). Network Interconnection in Telecommunications, Economic Journal 108,

545-564.

Armstrong, M. (2002). The Theory of Access Pricing and Interconnection, in Martin E. Cave,
Sumit K. Majumdar and Ingo Vogelsang (eds.), Handbook of Telecommunications Economics

vol. 1, Amsterdam: Elsevier, 295-384.

Benzoni, L., B. Deffains, A.T. Nguyen and O. Salesse (2011). Competitive Dynamics Between
MNOs in the Mobile Telecommunications Single Market: Lessons from the U.S. Experience,

Communications and Strategies 82, 127-145.

Berger, U. (2005). Bill-and-Keep vs. Cost-Based Access Pricing Revisited, Economics Letters
86, 107-112.

Carter, M. and J. Wright (1994). Symbiotic Production: The Case of Telecommunication Pric-

ing, Review of Industrial Organization 9, 365-378.

Cave, M. and M.P. Donnelly (1996). The Pricing of International Telecommunications Services

by Monopoly Operators, Information Economics and Policy 8, 107-123.

Dessein, W. (2003). Network Competition in Nonlinear Pricing, RAND Journal of Economics

34, 593-611.

Dessein, W. (2004). Network Competition with Heterogeneous Customers and Calling Patterns,

Information Economics and Policy 16, 323-345.

Einhorn, M. (2002). International Telephony: A Review of the Literature, Information Eco-
nomics and Policy 14, 51-73.

Gabrielsen, T.S. and S. Vagstad (2008). Why is On-net Traffic Cheaper than Off-net Traffic?

Access Markup as a Collusive Device, Furopean Economic Review 52, 99-115.

Gans, J.S. and S.P. King (2001). Using 'Bill and Keep’ Interconnect Arrangements to Soften

Network Competition, Economics Letters 71, 413-420.

29



Hahn, J-H. (2004). Network Competition and Interconnection with Heterogenous Subscribers,

International Journal of Industrial Organization 22, 611-631.

Hakim, S.R. and D. Lu (1993). Monopolistic Settlement Agreements in International Telecom-

munications, Information Economics and Policy 5, 145-157.

Hoernig, S. (2012). Why Mobile Networks Prefer High Termination Rates: An Exploration of

Strategic Delegation, manuscript, Nova School of Business and Economics.

Hoernig, S. and T. Valletti (2012). Mobile Telephony, in Martin Peitz and Joel Waldfogel (eds.),
Ozford Handbook of the Digital Economy, Oxford: Oxford University Press, 136-160.

Hoernig, S., R. Inderst and T. Valletti (2014). Calling Circles: Network Competition with
Non-Uniform Calling Patterns, RAND Journal of Economics 45, 155-175.

Hurkens, S. and A.L. Lopez (2010). Mobile Termination and Consumer Expectations under the
Receiver-Pays Regime, NET Institute WP #10-12.

Hurkens, S. and A.L. Lépez (2014). Mobile Termination, Network Externalities, and Consumer

Expectations, Fconomic Journal 124, 1005-1039.

Jakopin, N.M. (2008). Internationalization in the Telecommunications Services Industry: Liter-

ature Review and Research Agenda, Telecommunications Policy 32, 531-544.

Jeon, D-S., J-J. Laffont and J. Tirole (2004). On the "Receiver-Pays” Principle, RAND Journal
of Economics 35, 85-110.

Jullien, B., P. Rey and W. Sand-Zantman (2013). Termination Fees Revisited, International

Journal of Industrial Organization 31, 738-750.

Laffont, J-J., P. Rey and J. Tirole (1998a). Network Competition: Overview and Nondiscrimi-

natory Pricing, RAND Journal of Economics 29, 1-37.

Laffont, J-J., P. Rey and J. Tirole(1998b). Network Competition: Price Discrimination, RAND
Journal of Economics 29, 38-56.

30



Lopez, A.L. and P. Rey (2012). Foreclosing Competition through Access Charges and Price

Discrimination, manuscript, University of Navarra.
OECD (2011). OECD Communications Outlook 2011, OECD Publishing.

Tangeras, T. (2014). Network Competition with Income Effects, RAND Journal of Economics

45, 645-673.

Vogelsang, 1. (2003). Price Regulation of Access to Telecommunications Networks, Journal of

FEconomic Literature 41, 830-862.

Wright, J. (1999). International Telecommunications, Settlement rates, and the FCC. Journal
of Regulatory Economics vol. 15, 267-291.

Yun, K.L., H'W. Choi and B.H. Ahn (1997). The Accounting Revenue Division in International

Telecommunications: Conflicts and Inefficiencies. Information Economics and Policy 9, 71-92.

A Appendix

A.1 Proof of Lemma 1

This is a generalisation of Proposition 1 in Hurkens and Lopez (2014), taking into account that
only a share 1 —¢ < 1 of consumers have passive beliefs and that network operators also compete

in international calls, # > 0. By differentiation of subscription demand (4)

051i/Opri 0513/ Opri

Osi/Otyi  Osy;/ Oty = (Oski + (1 — 6)5ki) Ak, (31)
O8ki/OPki _ 081i/ Opi S
8512482;: = 381[//3];: = (L= dspi — (1 = 0)Ski) A, (32)

Osyi/Orii _ O0sii/ Ok .

az:;a:: - azlzéa;ﬂ: = (O (1 = 0)3) A (33)
Do/ i _ Ooti/ O _ (1= s — (1 = 0)51;) A0z, (34)

Oski/Oty;  Osii/Otk;

which generate the aggregate first-order conditions:

67rki
Opri

. OTgi ~
— (08ki + (1 — 6)5ki) )\Qkiyllj = 81 = ) (Ski — Ski)qhi + Ski (Pri — ) ¢'(pri)] < 0, (35)
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o i ~ ~ on 7 ~ ~ ~ ~
(1= G — (1= 0)8ha) AGhi > = 1A L(1—0) Bs — 51) i + 5k (B — ¢ — ) G (Bra)] < 0,
ODki Otk
(36)
0Ty . Oy ~ /
— (0515 + (1 = 0)51) N0xps—— = s AO[(1 — 0) (515 — 813)Ti + 513 (Thi — ¢ — M) @' (18)] <0,
677%‘ 8tki
(37)
0Tk Ty,

- — (1 - 65[2' — (1 - 5)/8\11))\933\]%71 = Ssztg[(l - (5)(/8\11 - 8[,’)53\1“' +8[j (?kz — C — ml) El(?kz)] S 0
37”1“‘ atki
(38)
for NNOy; under full market coverage.
Let s* = (s}71, 8379, Sjr1» Spg) be an arbitrary, full coverage, equilibrium distribution of market

shares, and assume that § = s*. If s;; > 57, > 0 or s; > s;, = 0, then (35) is strictly positive

for all pr; < c¢. In this case
(1= 6)(ski — 8:)q (P) + ski (P —¢)¢'(P) =0 (39)

uniquely defines the optimal national on-net price P(sg;) > ¢. By weak monotonicity of (p —
c)qd'(p), (39) has at most one solution P > c¢. A solution exists by the boundary condition
q(p) + (p — )¢’ (p) < 0 for some p > c. If 0 < sp; < sf;, then (35) is strictly negative for all
pri > ¢. Hence, P(sk;) € [0,¢] in this case. By compactness of [0, ¢] and continuity of network
profit in py;, an optimum does exist and is defined by (39) if P(sg;) > 0. The optimal national
off-net price ﬁ(ski), and international prices R(sj;) and ﬁ(sli) are correspondingly defined.

Marginal cost pricing of calls at interior equilibrium. Consider the equilibrium on-
net price py,. Beliefs are consistent at equilibrium: s}, = 5. If sf, > 0, then (35) is strictly
positive (negative) for all p;, < ¢ (p;; > ¢) by ¢’ < 0. The first-order condition (35) holds with
equality if si,p;. > 0. Hence, s3, > 0 implies p;, = c. By the same token, s;,s;, > 0 implies
Dy; = ¢+ my, s§;8p; > 0 implies 7}, = ¢+ my and s}, S5y > 0 implies 75, = ¢ + my.

There are no cornered market equilibria. Suppose that s;;; = 1. By the above opti-
mality conditions, p;, = ¢, international calls are priced at marginal cost sj;77, + s;‘j?,‘;i =c+my,
while pj, remains undefined. Let 7}, = t;, — f + A0myZ(c + my) > 0 be the corresponding
monopoly network profit. Assume that NNOy; deviates from the proposed equilibrium by en-
tering market k at py; = Drj = ¢, rij = Ti; = c+my and tg; = t;,+1/20 — A, Since NNOy; does
not price discriminate between on-net and off-net calls, consumer net surplus at N NOy; is inde-
pendent of actual and expected market shares and equal to Av (¢)+60Av (¢ + my) —t7, —1/20+ A

for a consumer located at by;. Consumer net surplus when NNOy; corners the market equals
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v (¢) + 0Av (c+my) — t; — 1/20 for the same consumer. Hence, it is a dominant strategy for
a positive mass of consumers to choose network j: si; > 0.

Network profit
Tkj = ASkjlskimi(q(Pri) — 4(c)) — 1+ 1/20A + 7/ A] (40)

is strictly positive for o\ small enough (recall the assumption that g(p) is bounded). We conclude
that for oA small enough, there exists no equilibrium in which a national network operator
corners the market.

There exists at most one shared market equilibrium. Consider an interior, shared
market equilibrium s}, € (0,1) for all k = H, F', i = 1,2. By utilizing marginal cost pricing and

the first-order condition (6), the equilibrium subscription fee equals

tr;=f+[1—250A(v(c) —v(c+ mk))]%

— Amy[(1 = 2s3,;)q(c + my) + 02(c + my)].
Substitute back into (4) and rearrange to get equilibrium subscription demand:
(st — 3)13 = 2(1 +28)aA(v (¢) — v(c + my)) + doAmyg(c + my)] = 0.

For generic termination rates, therefore, sy, = 1/2 at interior equilibrium. Furthermore,
sy; = 1/2 implies t}, = th yok» 50 (PN ok EnNok) 18 the unique interior equilibrium candidate.

Existence. The above results demonstrated that (PN yor tyvor) 18 the unique equilibrium
candidate for generic termination rates if also Ao is small enough. We now show that this
constitutes an equilibrium for Ao small enough. Assume that NNOy; charges (PN now: tNNOE)>
while NNOy; and NNOj both charge (P o tvnor)- Assume also that s = s*.

Consider a deviation by NNOy,;. First, s;1 = sj; = 1/2 and sj2 = s}, = 1/2 independently of
N NOy;’s strategy. Hence, ry; = 'r; = ¢+ my is optimal for any deviation by N NOyg;. For any

interior deviation sz; = 1 — s3; € (0,1), the optimal national call prices are P(sy;) and ﬁ(s;ﬂ)

33



The corresponding subscription fee which generates sg; is given by:i

T (ski) = tnok — (ki — %)(% = O (P(si)) + v (¢) = v(P(si)) — v(c + my)))

~

+ 3A(V (P(sk:)) + 0(P(sgi)) — v (¢) — v(c+my)).

Substitute P(sk;), ﬁ(skz) and T (sg;) into mg; in (5) to get the profit of NNOy; as a function of

Ski-

(ki) = skidlski (P(ski) — ) a(P(ski)) + (dsi + 5(1 = 8)) (v (P(ski)) — v(e +my))]
+ skiMsu (P (si) — ¢ — mp) QP (s55)) + (8555 + 3(1 — 6) (W(P(s:)) — v (c))]

+ spiltnvor = F + 5(5 = ki) + odmy(si;q(c + my) + 0z(c +my))].
The marginal effect of increasing the market share is

o7 (ki) = oA[28k; (P(ski) — ) q(P(ski)) + (2081 + 5(1 = 8)) (v (P(si)) — v(c + my))]
+ oN[(skj — 1) (P(smi) — € — mi)G(P(s:)) + (8(sj — i) + 5(1 = 6) (0(P(s)) — v (c))]

+o(thnor — )+ 5 — 28k + odmi((sk5 — sk:)q(c + my) + 0x(c + my,)).

Notice that P(sk;) and 7/5(:3;“-) are independent of oX. Hence, limgx—y0 07 (sg;) = o(tf — f) + % —
2sy; and therefore lim, o 07" (sg;) = —2. It follows that 7(s;) is strictly concave in sg; € (0,1)
for o) sufficiently small. The best-reply then is uniquely defined by the solution 7/(1/2) = 0
to the first-order condition. Moreover, sp; = 1/2 implies P(1/2) = ¢, P(1/2) = ¢ + my, and
T(1/2) = tyyok- Hence, (Pynows tvnor), K = H, F indeed represents a retail equilibrium for

oA sufficiently small.

A.2 Proof of Lemma 2

Let s* = (s}1, S}y2, Sy, Sjg) be an arbitrary, full coverage equilibrium distribution of market
shares, and assume that § = s*. By utilizing the comparative statics (31)-(34), it is straightfor-
ward to verify that aggregate first-order conditions identical to (35), (36) and (38) apply even
to INO;. Hence, the optimal national on-net price in country k equals P(sg;), the optimal

national off-net price is ﬁ(ski), while the optimal international off-net price is 7%(512-). However,
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international on-net calls now have perceived marginal cost ¢, hence

om 4
Org

. om; N
— (0s; + (1 — 5)810)\9961%‘% = s1iN[(1 — 0)(s1i — S1i) ki + sii(rki — ©)a'(ri)] <0, (41)
ki

which implies R(sy;) implicitly defined by

(1—06) (s — s5;)x(R) + si(R —¢)2'(R) =0 (42)

or R(sy;) = 0 for sgspi > 0. By an argument analogous to the one made in the proof of Lemma
1, s3; > 0 implies p}; = ¢, 5154y > 0 implies pf, = ¢ + my, s3;5p; > 0 implies 7}, = ¢ and
831559 > 0 implies 7, = ¢ + my.

There exists no equilibrium in which one INO corners both markets. Suppose
INO; corners both markets: s3;;, = s, = 1. Monopoly entails marginal cost pricing of on-net
calls, p;, = ri; = ¢, while off-net prices py, and 7}, remain undefined by the first-order conditions
(36) and (38). Let 7} = mj;, + 75, > 0 be the corresponding equilibrium network profit, and
assume without loss of generality that 7;; > 0. Suppose that INO; deviates from the proposed
equilibrium by entering country k at py; = prj = ¢, Tj = Tkj = c and tg; = t}, + 1/20 — . Since
INQOj does not price discriminate between on-net and off-net calls, consumer net surplus at INO,;
is independent of actual and expected market shares and equal to A(1 + 0)v(c) —t;, —1/20 + A
for a consumer located at by;. Consumer net surplus when INO; corners both markets equals
A1+ 0)v(c) —t;; — 1/20 for the same consumer. Hence, it is a dominant strategy for a positive

mass of consumers in both countries to choose network j: si; > 0. Network profit

Mgy = )\Skj [sklmk(?j;m — E]\(C)) + Osy; (mkﬂfli — mlf(c)) -1+ 1/20)\ + WZZ/)\] (43)

of INOj is strictly positive for Ao small enough. We conclude that for oA small enough, there
exists no equilibrium in which one INO corners both markets.

There exists no equilibrium in which the two INOs corner one market each.
Suppose that s;; =1 (sfj = 1). Monopoly entails marginal cost pricing of national on-net and
international off-net calls, p;, = ¢ and 7; = ¢ 4+ my, while the other prices, pj, and r},, remain
undefined by the first-order conditions (36) and (41). Let m* > 0 be the corresponding monopoly
network profit of INO;. Assume that j enters market k at py; = Drj = ¢, Thj = Ty = ¢+ my

and ty; = t;, +1/20 — A. Assume also that network j charges r;; = ¢ + my,.
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Since INQO; does not locally price discriminate between on-net and off-net calls, consumer
net surplus of subscribing to INOj in country k is equal to Av(c) + Mv(c+my) —t;,; —1/20 + A
for a consumer located at by;, independently of actual and expected market shares. Consumer
net surplus at ¢ when ¢ holds the monopoly position in k equals Av (¢) + Mv(c+my) —t;, —1/20
for the same consumer. Hence, it is a dominant strategy for a positive mass of consumers in
country k to choose network j: sg; > 0. Subscribers in country [ remain unaffected by the
change and obtain the same consumer net surplus Av (c) + Av(c + my) — tj; as before. Hence,
the monopoly position of INOj in | remains unchallenged by its entry into country k.

The net profitability

T — 75 = Asgj[seimu(qlc +my) — qle)) — 1+ 1/20X + 77 /A] (44)

of entering the competitor’s market is strictly positive for Ao small enough. We conclude that
for oA small enough, there exists no equilibrium in which the two I NOs corner one market each.

There exists no equilibrium in which one INO corners one market and both INOs
share the other market. Suppose INO; has a monopoly in country k, s;, = 1, but both
INOs share the market in country I: sj; = 1 — s;} € (0,1). With the proposed market structure,
Pii = Ppi = C, T = Ty = ¢ and 73, = pj; = ¢ +my, while pj, and 77; are undefined by the
first-order conditions (36) and (38). Moreover, pj; = ¢, pj; = ¢+ my, 7}; = ¢ + my, while rj; and
the prices of INOj in country k are undefined.

INO; corners market k if and only if the consumer at by; weakly prefers INO; to INOj:

Av (e) + A0sjo(c) + A0sfu(c +my) — tg, — 1/20 (45)
> M(py;) + Asjjo(ry,) + A0sjo(Tr,) — tr

If the inequality was strict, then INO; could raise its profit without jeopardising its monopoly
position by increasing t;, up until the point at which (45) was strictly binding. Hence, (45)
holds with equality at the proposed equilibrium.

Consider a deviation by i in k to sp; = 1 — s; € (0,1), maintaining equilibrium market

*

shares sj; = 1 — s;; € (0,1) in the other country. Assume also that s = s*. The optimal call

prices are defined by P(sy;), 73(:3;“-), R(sy;) and ﬁ(sli) in country k, while the subscription fees
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are set at Tri(Sks, 5;;) and Tj;(s);, sgi) to achieve the desired distribution of market shares, where

g

Tri (ki s10) = th; + 2555 4 X(dsps + (1 — 8)s5;) (v (P(sa)) — v(B}))
+ A(Bsgs + (1= 8)sp,) (v(P(s1:)) — v(p};))
+M0(ds1; + (1 — 6)s7;) (v(R(s15)) — v(Fr))

~

+ A0(dsy; + (1 — 5)32})(1}(73(3”)) — U(T;:j)).

Substitute the optimal prices and subscription fees into network profit to obtain m; (s, s;) =

Ti(Ski> 83;) + Ti(s];, Ski), where

ki (Skis Sti) = SkiA[ski (P(ski) — ¢) ¢(P(sgi)) + (08k; + (1 — 0)sg;) (v (P(ski)) — v(Dk;))]  (46)
+ kA5 (P(ski) — ¢ — mi) QP (s11)) + (055 + (1 — 8)s7;) (0(P(s13)) — v(pf;)]
+ ki[5 (R (s11) — )2(R(s13)) + (815 + (1 — 8)s7;) (0(R(s13)) — v(7;))]

+ 8kiA0[s15(R(s15) — ¢ — my)T(R(s1:)) + (9815 + (1 — 0)s5;) (v(R(s13)) — v(rg;))]

+ospilthy — F+ T2 + spidmi(sk;@(Drj) + s (c + my)).

Marginal profit equals

OT ki

D5 oA [2ski (P(ski) = ¢) q(P(ski)) + (2088 + (1 = )s3:) (v (P(s8i)) — v(Diz))] (47)

+ oA [(skj — ki) (P(s1i) — ¢ — M) TP (583)) + (8(sj — sks) + (1= 8)s7;) (0(P(s13)) — ()]
+ oM[s15(R(s15) — )2 (R(s13)) + (3513 + (1 = 8)s3) (v(R(s11)) — v(F))]

+ o M0[s1;(R(su) — ¢ —m)T(R(su:)) + (ds15 + (1 — 5)373')(“(72(3%)) - ”(TZj))]

+ J(tzj — f) + % — 23ki + J)\mk((skj — Skz)(/]\(ﬁl*c]) + 9813‘57\(0 + mk))

and

omy;

o
85;”

= 55,0 \0[(R(ski) — ¢)x(R(ski)) + 0(v(R(ski)) — v(c+myg)) — mlfc\(ﬁcj)] (48)

~ ~ ~

— 51;0 M[(R(si) — ¢ — my)Z(R(spi)) + 6(v(R(ski)) — v(r)))]-

The deviation by INO; in country k is unprofitable only if limg,, 1 67?i/85ki|s”:s;‘i > 0. By

a similar argument, a deviation by j in country k to sp; = 1 — s3; € (0,1), keeping sfj =
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1 —sj; € (0,1) fixed is unprofitable only if lim, ;0 8%j/83kj|slj:s;j < 0. Hence, the equilibrium
is sustainable only if
o o7
1' "y R 1 Uity L
’ (Skigo 88[@‘] |Slﬂ_slj 1m ki ‘Slz—sli>

= 3+ 0N(P(1) = c = m)a(P(1)) + 6(o(P(1)) — v(piy))]
+

+ s5oM[(R(1) — ¢ = mp) Z(R(1)) + 5(v(R(1)) — v(rf;))]
+oM(sh; — si)u(e) — v(e+mp) + 6(v(e) — v(c+my))]
— o [v(c) — v(c+my) + 8(v (c) — v(BE,))]

+ o\ (s5E(FL) — sE(e + )

+ o Amy(@(Dr) + TDr;) + Os5ETS) — 057 (c + my))

is non-positive, which is violated for oA sufficiently low. Hence, there exists no equilibrium in
which one INO corners one market and both I NOs share the other market for ¢\ small enough.

There exists at most one shared market equilibrium. Consider an interior, shared
market equilibrium s;, =55, € (0,1) for all k = H, F', i = 1,2. By utilizing marginal cost pric-
ing, the first-order condition (17) and the appropriate subscription elasticities, the equilibrium

subscription fee can be written as

_ 8y — 200 (83 + Osj) (v(€) — v(e + my))
g

after simplifications. Moreover,

thi — tri = 220 (26(v(c) — v(e +my)) — myz(c + my) — my@(c +my)) (s;; — %)
_ g <1 — 260 \(v(c) — v(c+ myg))

) 2l + ) ) (s~ ).

The important thing to note here is that tzj — t7, is linear in s;; and s},;. Using marginal cost
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pricing in (4), we can rewrite equilibrium subscription demand as

1 (= 2oty — 1) + (1= ) (sh — 3]
ki T 5 T (1= 200Mbi) (1 — 200 M) — 430N 2

20 X0; |60 (8], — 1) + (1 — 6)(s]; — 2)]
(1 =250 X)) (1 — 200 Mpp) — 4(60X0)?Yipp

+

Notice that subscription demand is linear in s7;; and s7, as well as in tj‘qj — t},; and t*Fj — thy
Hence, sj;; and s}, are solutions to two linear equations with a unique solution for generic
termination rates (ar,ar). The generic solution is s3;; = sp; = 1/2. &, = t7 5o as can easily
be verified by plugging the equilibrium market shares into (49) and simplifying. We conclude that
(PinostiNo) is the unique candidate for a shared market equilibrium for generic termination
rates.

Existence. The above results have established that (p}yo,tiyo) is the unique equilibrium
candidate for generic termination rates if Ao is small enough. Assume that INO; charges this
tariff. Consider an interior deviation by INO; to sg; = 1—sg; € (0,1) and sp; = 1—sp; € (0,1).
Network profit then is 7; (s, Spi) = Tri(Swi, Spi) + Tri(SFi, SHi) with T (Sgq, si;) defined in
(46). All optimal call prices are independent of o, hence all terms in 007y;/0sy; defined in
(47) but 1/2+0(t7yor — ) — 25k converge to zero as oA — 0, while 007;;/0sy; defined in (48)
goes to zero as oA — 0. Thus lim,y_,(c0? m/@sk )= —2, k= H, F while

— 0’7 0°7; B 0?7, 0?7, _ 4
oA—0 88%{2 88%1 asHiaSFz‘ 83F,~83Hi .

Network profit m; (s, spi) is strictly concave in (sg;, sp;) for o\ sufficiently low, in which case
the optimal strategy is characterized by the solution to the first order condition. As is easily

verified, 07;/0si|s,,, —1/2=0,k=H,F. At sy; =5p; = 1/2 and sp; = 5p; = 1/2, all calls

=SFi

are priced at marginal cost. Moreover, tg; = t7 oy
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