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Abstract

Following the European Commission’s 2009 Recommendation on the Regulatory
Treatment of Fixed and Mobile Termination Rates in the EU, the Portuguese regulatory
authority (ANACOM) decided to reduce termination prices in mobile networks to their
long-run incremental cost (LRIC). Nevertheless, no serious quantitative assessment of
the potential effects of this decision was carried out. In this paper, we adapt and
calibrate the Harbord and Hoernig (2014) model of the UK mobile telephony market to
the Portuguese reality, and simulate the likely impact on consumer surplus, profits and
welfare of four different regulatory approaches: pure LRIC, reciprocal termination
charges with fixed networks, “bill & keep”, and asymmetric termination rates. Our
results show that reducing MTRs does increase social welfare, profits and consumer
surplus in the fixed market, but mobile subscribers are seriously harmed by this
decision.
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1. INTRODUCTION

Mobile Termination Rates (MTRs) are the charges that mobile firms levy on fixed
networks and other mobile operators for completing, or “terminating”, calls on their
networks (Hoernig and Harbord, 2014). At the current stage of technological
development, mobile call termination constitutes a bottleneck service, in the sense that
calls to a particular subscriber can only be terminated by the network operator to which
he/she is connected. This limitation creates a monopoly situation that may distort
competition, as mobile operators can charge very high prices for delivering calls to their
own subscribers. In fact, as observed by Armstrong and Wright (2009a), in the absence
of regulation, mobile operators will charge monopoly-level prices for terminating calls,
regardless of how fierce the competition among them is to attract new customers. This
concern was further reinforced by Gans and King (2001), who showed that, if left
unregulated, mobile termination rates may even exceed monopoly level due to a
negative pricing externality created by consumer ignorance about prices.

Worries about the potential welfare-reducing effects of this excessive pricing,
exacerbated by a history of high termination rates, led all regulatory authorities in the
EU - and numerous others around the world - to introduce price controls. Despite this
apparent consensus in policy decisions, the debate about the merits and demerits of
regulation, as well as the most efficient approach to regulation, is far from being over.

On the one hand, we have authors who believe that regulation is not the suitable
mechanism to correct the existing market failure. Hausman (2002), for instance, argues
that to the extent that a problem of high termination rates exists, it is because customers
are ignorant of the charges they pay for terminating a call, and that consumer

information, rather than regulatory interference in competition, would be the adequate



solution. Moreover, according to him, MTRs that exceed marginal cost (or its proxy,
long run incremental cost) are consistent with Ramsey (quasi-efficient) pricing.
Crandall and Sidak (2004) also support this perspective, claiming that it would be
unrealistic and unfeasible for regulators to attempt to set MTRs at marginal cost, given
that mobile networks must use some source of revenue to defray the very large fixed
costs of building and operating mobile telecommunications networks and of acquiring
new customers. This view is largely contested by a growing body of recent literature,
which claims that the two-sided nature of mobile interconnection markets and the
existence of significant call externalities (i.e. receiver benefits) fundamentally changes
the competitive interaction in these markets, namely, the analysis of interconnection
charges, as observed by Hermalin and Katz (2011). The key economic issue is no longer
how to set prices in order to fully recover the network’s costs, but rather how to ensure
that the prices set efficiently internalize the existing two-sided benefits. According to
many authors, like DeGraba (2003) and Hermalin and Katz (2011), this implies welfare-
maximizing MTRs less than the marginal cost, and often less than zero.

Another argument frequently used against regulation to cost lies on the belief that
reducing MTRs will lower consumer surplus and perhaps even welfare in the mobile
market. According to the proponents of this hypothesis, high MTRs are desirable, as
they benefit mobile consumers in two distinct ways.

On the one hand, high mobile-to-mobile (MTM) termination rates reinforce mobile
network’s incentives to set high on-net/off-net price differentials (i.e. large differences
between the prices for calls made on the subscriber’s own network versus calls made to
rival networks) in an attempt to reduce the number of calls that subscribers on rival

networks receive, thus reducing their attractiveness and their ability to compete. These



effects, known as “tariff mediated network effects”, cause firms to compete more
intensively for subscribers by lowering subscription fees, which benefits mobile
consumers (Laffont, Rey and Tirole, 1998b). Thus, they claim, higher MTM lead to
higher consumer surplus on the mobile market.

On the other hand, high fixed-to-mobile (FTM) termination rates are a means of
transferring surplus from fixed network callers to mobile network callers, as the high
profits they create for mobile operators are at least partially competed away in the
mobile market (for instance, through larger handset subsidies, reduced fees or increased
advertising), given that mobile operators will then fight more fiercely to attract
customers. This effect, known as “the waterbed effect”, is also believed to increase the
number of mobile subscribers and enhancing the value of the fixed networks to their
subscribers who are now able to reach more people.

Despite the broad diffusion of these arguments, many voices have brought attention
to the fact that they are actually subject to a significant number of limitations and do not
survive some realistic extensions. First, as observed by Hoernig (2014), the claim that
high MTM termination rates increase consumer surplus in the mobile market is only
necessarily true in models with at most two networks. In larger settings, even though
reducing these rates does indeed weaken the tariff mediated network effects mentioned
above, the resulting relaxation in competition does not necessarily reduces consumer
surplus, and it is less likely to do so the larger the call externalities. This result emerges
from the fact that, when receiver benefits matter, network effects simultaneously benefit
consumers via lower subscription fees (as firms compete harder for market share), and
harm them due to higher off-net call prices (the “call externality effect”). As the number

of firms in the market increases, the relative share of on-net versus off-net calls



decreases, which, on the one hand, weakens the effect of price discrimination on the
calling patterns of consumers, thus reducing the beneficial tariff-mediated network
effects; and, on the other hand, exacerbates the harmful call externality effect. As
noticed by Hoernig, this implies that “as the number of firms increases, higher MTRs
will tend to lead to lower, instead of higher, consumer surplus”. Additionally, as
discussed in Berger (2005) and Hoernig (2007), network based price discrimination not
only reduces allocative efficiency and static welfare in mobile markets but also creates a
barrier to entry and growth for smaller networks.

When it comes to the FTM termination rates, many authors believe that the argument
used is incomplete in two important respects. First, as before, when receiver benefits are
significant, the argument loses much of its strength. In fact, as the level of MTRs
increases, the welfare in the mobile market decreases. Second, as noted by Armstrong
and Wright (2009a), high FTM create an allocative inefficiency. This implies that, even
if all fixed-line customers also have a mobile phone, the welfare gain in the mobile
market due to lower subscription charges is always outweighed by the welfare loss in
the fixed market due to higher FTM termination rates. Regarding the claim that the
waterbed effect increases the number of mobile phone subscribers thus increasing the
value of the fixed network to its customers, it is subject to much dispute. Even though,
historically, we have tended to assume that an increase in penetration represents an
increase in social welfare thanks to network externalities, nowadays, when penetration
rates exceed 100% in most countries, this association is debatable. On top of this, the
empirical evidence of the waterbed effect is also quite ambiguous (see Genakos and
Valletti, 2010 and Growitsch, Marcus and Wernick, 2010).

From all of the above, the upshot is that it cannot be predict, based on pure theory,



the real effect of a reduction in MTRs on mobile market welfare and consumer surplus.
Theoretically the impact is ambiguous and is likely to depend on the specific market
structure, as well as on the strength of the call externalities.

In May 2009, the European Commission (EC) issued a Recommendation that set
clear guidelines for the regulatory treatment of MTRs in the EU, proposing dramatic
reductions to these charges, which should no longer be based on fully allocated costs,
but rather reflect solely the actual incremental cost of providing a call (“pure LRIC”).
All regulatory authorities are obliged to take the utmost account of this
Recommendation and in fact, in Portugal, ANACOM developed a costing model that
determined the long run incremental cost of terminating a call (1.27c€ per minute).
Despite its prompt implementation, no quantitative assessment of the welfare
consequences of this decision was performed, and many authors still believe that other
alternatives could have produced better results. Thus, the main purpose of this paper is
precisely to provide a framework that allows a serious evaluation of the potential impact
of several different approaches to regulating MTRs, namely:

1) Pure LRIC, as recommended by the EC and implemented by ANACOM;

2) Reciprocity with fixed market, i.e. setting MTRs at the same level as FTRs;

3) Bill and Keep, i.e. setting MTRs equal to zero.

Despite the growing theoretical evidence against it and the explicit prohibition by the
EC, we also estimated the effect of asymmetric MTRs, i.e. allowing the smaller network
to charger higher termination prices than its rivals.

Based on Hoernig and Harbord (2014) model of the UK mobile market, we
simulated the impact on total welfare, consumer surplus and profits, in the Portuguese

market, of changing MTRs from their 2010 level to each of the above alternatives.



The rest of the paper is organized as follows: Section 2 describes the Portuguese
telecommunications market. Section 3 introduces the EC Recommendation and Section
4 presents the evolution of MTRs in Portugal. Section 5 describes the market model,
while Section 6 details the calibration procedure and data used. Section 7 reports the

simulation results and Section 8 concludes.

2. THE PORTUGUESE MARKET

At the end of 2012, there were 20 entities legally authorized to provide fixed
telephony service in Portugal, although only 15 were effectively active. The incumbent
operator and market leader is Grupo PT, even though its market share has been
declining in the previous years. The penetration rate reaches 43.2 accesses per 100
inhabitants, below the European average (44.1), but, contrary to the latter, exhibiting a
tendency of growth mainly due to the proliferation of new offers (e.g. multiple play).

Regarding the mobile telephony service, it was first offered in Portugal in 1989 by a
Consortium consisting of CTT — Correios de Portugal and TLF — Telefones de Lisboa e
Porto. Two years later, this Consortium gave place to TMN, the first mobile operator in
Portugal and still the market leader. Nowadays, there are three mobile operators in the
market (TMN, Vodafone and Optimus), whose asymmetry in market shares is largely
explained by the different times of entry. Penetration rate reaches 159.3 active cards per
100 inhabitants, well above the EU average, and it was estimated that 92.8% of the

people living in Portugal were clients of the mobile telephone service.

Importance of the sector in the Portuguese economy
In 2012, in Portugal, the total value of the electronic communications market was

calculated as € 6,614 M, representing 4.0% of the Portuguese GDP. Comparing with the



EU-27 average, the weight of this sector is one percentage point higher in Portugal. The
overall investment in electronic communications added up to € 1,104M, an amount that
represented 4.01% of the total Portuguese gross formation of fixed capital. In terms of

employment, this market alone was responsible for more than 14,000 jobs.

3. THE EUROPEAN COMMISSION RECOMMENDATION

MTRs are regulated in all European Member States. Nevertheless, there is a
significant asymmetry on the regulatory approach followed by national authorities and a
wide divergence of these rates across countries that cannot be solely justified by
differences in the underlying costs or other national characteristics. For instance, in
2008, MTRs ranged from 2 c€ per minute in Cyprus to 15 c€ per minute in Bulgaria,
being on average 8.55 c€ per minute. Despite the downward trend that has been
observed in recent years, they were still around 10 times higher than FTRs (on average
ranging from 0.57c€ to 1.13 c€ per minute).

Moreover, the traditional approach to regulation has been to allow for total cost
recovery, based on fully allocated cost models. Recent literature has drawn attention to
the fact that this strategy may not be suitable given the two-sided nature of the mobile
interconnection markets and the existence of call externalities. Harbord and Pagnozzi
(2010) even claim that this approach, by exacerbating network incentives to engage in
the inefficient network based price discrimination, creates a distortion in prices and loss
in welfare as serious as the initial distortion that regulation aimed at repairing (i.e. the
subsidy of mobile subscription via high termination charges).

Incorporating much of this new economic thinking, in May 2009, the EC issued a
Recommendation on the Regulatory Treatment of Fixed and Mobile Termination Rates

in the EU, which specifies how this issue should be approached in the future. In



particular, it establishes that MTRs at the national level should be based only on the real
costs that an operator, using the most efficient technology available, incurs to establish
the connection, and should apply to all operators at the same level. By creating a
common regulatory framework, this Recommendation aims at removing the existing
price distortions between phone operators across the EU, which is expected to lower
consumer prices within and between Member States, boost sustainable competition in
the Single Market and help investment and innovation in the entire telecommunication
sector. A Commission Staff Working Paper that accompanied the Recommendation
predicts a potential reduction in mobile industry profits of around € 4 billion over the
three initial years, more than off-set by the additional revenues for fixed operators and

additional consumer benefits.

4. Mobile Termination Rates in Portugal

In Portugal, FTM termination prices are regulated since 2000, while MTM
termination rates are subject to price controls since 2002. The initial regulated prices
were revised in 2005, when a market analysis led ANACOM to determine that the
existing mobile operators had significant market power and to establish a glide-path (i.e.
a gradual reduction of prices) to bring Portuguese MTRs closer to the European
benchmark. Due to its later entry in the market, OPTIMUS was allowed to charge
higher prices than its competitors for a while, but at the end of this glide-path (initially
at October 2006, later postponed to October 2008) there should be symmetry among the
different operators and the different types of interconnection.

In 2010, after the approval of the EC’s Recommendation, ANACOM granted
Analysys Mason Limited Consultant the development and implementation of a costing

model for the mobile termination, whose goal was to determine the long run



incremental costs of an efficient operator. Based on these results, the new maximum
price allowed for mobile termination was set at 1.27 c€, which should be reached by the

end of 2012, trough quarterly reductions of 0.5 c€.

5. A MODEL OF THE PORTUGUESE COMMUNICATIONS MARKET
Our model of the Portuguese telecommunications market is an extension of the
Harbord and Hoernig (2014) model for the UK', assuming, as in Calzada and Valletti
(2008), logit subscription demand. In our model, contrary to one monopolist fixed

operator, we allow for many asymmetric networks.

Model Setup:

Networks: We assume m = 3 asymmetric mobile networks and n = 4 fixed networks
of different sizes. We consider imperfect competition in both markets, with no strategic
competition between them but with strategic competition within them. In other words,
consumers perceive fixed and mobile telephony services as non-substitutable, but
mobile (fixed) networks as substitutable and horizontally differentiated. All networks
are assumed to be interconnected with each other. We focus exclusively on voice calls,

excluding other services provided by operators (e.g. text messages).

Market Shares: Subscriber market shares are denoted by a; > 0,i =1, ..., m with

iz, a; =1 for each mobile network i, and by 8, >0,k =1,..,nwith}y_, 0, =1
for each fixed network k. Given our assumption of logit subscription demand,

. ) co@+wih oV BrHWi)
subscriber market shares are given by a; = 7 and 6, = —
Z}Zlea( j+Wj) Z?zley( l+Wl)

1 A generalization of the network competition models of Laffont et al. (1998) and Carter and Wright
(1999, 2003).



where 0,y > 0 measure the degree of product differentiation (higher values imply less

differentiation), A; and By, are specific connection surplus, and w}’and wf are specific

call surplus. In simplified matrix notation, the vectors of mobile market shares

a = (a;)mxq and fixed market shares 6 = (0;),x1 can be written, respectively, as:
a=g"(c(A+w"))and 6 = gF(y(B +w")),

where A = (A)mx1> B = Bi)nx1> WM = W) mx1, wF = (Wf)px1, and the functions

g":R™ - [0,1]™ and gF:R™ - [0,1]* are assumed to be differentiable with

symmetric Jacobian G, all of which is consistent with the logit model assumption.

Costs: Similar cost structures are assumed for both mobile and fixed networks. Each
additional customer implies a given fixed cost, and each call minute terminated or
originated by the network implies a constant marginal cost. Moreover, networks charge
a price equal to their termination rate for terminating incoming calls.

Thus, mobile network i faces a fixed yearly cost of f; per subscriber; on-net per
minute cost of ¢} = ¢ + ¢, where the indices 0 and ¢ correspond to origination and
termination, respectively; off-net per minute cost of cfj"-’ =cM+ MTR; and fixed per
minute cost of ¢j{f = ¢}t + FTR,, where MTR and FTR stand for the network specific
mobile and fixed termination rate, respectively.

Similarly, fixed network k incurs a fixed yearly fee of dj, per customer; on-net per
minute cost of cf, = cf}, + cf.; off-net per minute cost of cf; = cf}, + FTR,, and fixed-

to-mobile per minute cost of ¢} = cf, + MTR;.

Tariffs: We assume that both mobile and fixed networks use two-part tariffs and apply
uniform off-net prices, i.e., they charge the same price for calls to different networks.

Therefore, each mobile network i charges its customers an annual subscription fee of F;
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and minute prices of pf{ for on-net calls, pj{ for off-net calls, where p!] = pjj V j,b # i
(uniform price), and pfF for calls to the fixed networks, where again pia’ = piF V k, z.

The tariffs of the fixed market are determined in a similar way. Besides the annual
subscription fee, Dy, each fixed network k charges its customers a per-minute price of
pix for calls on its own network; pf; for calls to other fixed networks; and p£}* for calls

to any mobile network. As before, fixed networks are assumed to use uniform prices.

Consumer Surplus: The number of consumers in the mobile market (M), as well as in

the fixed market (N), are assumed to be constant. We assume subscribers' utility depend
on the given network they are connected to, and on the amount and duration of calls
made and received. As the utility depends on incoming calls, a call externality is
assumed to exist. Specifically, subscribers in the mobile market i [fixed market k]
receive a fixed utility of A; [By]; a utility for making calls of u™ (q) [uf (q)], where q is
the call length in minutes; and a utility from receiving calls of fMuM (q) [BFuf (q)],
where 0 < M, BF < 1 measure the strength of the call externality.

We assume, moreover, that all subscribers on the fixed and mobile networks are
called with equal probability, therefore, if the same price applied to all consumers in the
market, we would have a balanced calling pattern. In other words, each network would
generate as many off-net calls as it would receive as incoming calls from each of the
other networks. In the presence of price differentials, however, the demand for calls is a
function of the per-minute price. For a given p, consumer demand calls of length q(p),
which implies a surplus from making calls of v(p) = u(q(p)) —pq(p), with
q(p) = —v'(p). By adding the utility from receiving calls and subtracting the

subscription fee, we obtain the total per consumer surplus from a given tariff.
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For a single subscriber of mobile network i, this can be written as:

m
MZa](vU+ﬁM )+N29k(v iﬁw)—Fi=MZa] +N29khMF F;
=1

where h{] = v} + pMu}! and hjy" = vii" + pMug)”.
In matrix notation, this is equivalent to: w” = MhMa + NAMF9 — F,

where hM = (h = (hf Imxn and F = (F) .-

Similarly, a subscriber of fixed network k obtains the following surplus:

n m
wi =N ) 6,k +Bful)+M ) a(wiM + pFulifY =D, =N ) 6,h5,+ M ) a;hf¥ —
k 1y Ik (W k

=1 i=1

where hf, = vf, + BFull, and hEM = viM + pFuliF.
With matrix representation given by: wf = Nhf9 + MhfMa — D.
Recalling our logit subscription demand assumption, it implies that the aggregate

consumer surplus in the mobile and fixed markets are given, respectively, by:

M . M N F
M — = n (Zﬁl eo-(Al‘l'Wl )) and SF = ; In (Zﬁ:l eV(Bk+Wk))_

Profits: Profits for both mobile and fixed networks are a function of subscription fees,
originated and terminated calls. Specifically, mobile network 1's profit can be written as:
—MQ(MZJ 1 4GR; +NZ;<1=19kRz{\I/I<F+Fi_ﬁ)a

where R;; is the proft from on-net calls and equals R = (pff —ciDql{; Rl

(Pl —c!)alf + (MTR; — c{)qj{ is the profit from off-net calls; and RJjf =

(PHF — cMEYGME + (MTR; — ¢})qr! is the profit from mobile-to-fixed calls.
The same applies to the fixed market. Therefore, network k's profit is equal to:

nf = NO(NXL,0,RE, + MY™, a;REM + Dy, — dy.).
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In aggregate, the joint profit in mobile market is 1M = Ma'(MR™a + NRMFO + F —

f) and in the fixed market is [1¥ = NO'(NRF0 + MR™a + D — d).

Welfare: All of the above implies a total welfare of: W = S + SF + TM + ITF.

Equilibrium Outcomes
We used the standard Nash equilibrium concept to determine the equilibrium call prices

and subscription fees in both mobile and fixed markets. Computations can be found in

Appendix 1.
oqe . . . . M _ M _ Zbi-abc!\g MF __
In equilibrium, mobile firm i charges: p;; = g P = —1_(1:_[),1\43%, ME = cMF while
fixed firm k charges: pf, = ke pF — Zzek%Cs o PM _ FM
80S: Prk = Typr PRl = 1”14 pPey ki -
Equilibrium fixed fees, for mobile and fixed firms are, respectively:
Fi = fi = NX_; 0kRIEF + MYT, a;(RY — RIY),
Dy = dy — MEL; iRy + N X1, 6,(RE; — REy),
where
~ 1 M B ) da/dF ..
RY = o~ i ’,;,xR{j’,RM =0Vj#i,HY = —( J l)/O-V,],l =1,..,m,
Ry = YNT — 221 Hlk Xsz, Ry =0V1#k Hj = (del/de)/y, Lk=1,..,n

In matrix notation, fixed fees can be rewritten as F = f — NRMF9 + M(RM™ — RM)a
and D = d — MR™a + N(RF — RF)6.
After substitution, we are able to obtain the equilibrium market shares given by:
a=g"(c[A—f+ MM+ R™ — RM)a + N(hMF + RMF)0)),
6 = g"(y[B —d + N(hF + RF — RF)6 + M(h™ + RFM)qa]).

Thus, total equilibrium profits in the mobile and fixed markets simplify to:

13



" = M?a’RMa and IIF = N20'RF6.
The condition for the equilibrium market shares can be solved numerically, allowing us

to compute all the remaining variables.

6. CALIBRATION AND DATA

After having derived the theoretical equilibrium outcomes, we have calibrated the
key parameters of the model using data from the Portuguese telecommunication market
directly provided by ANACOM or from its “Relatério do Sector das Comunicagdes
2012”. We have collected information about subscriber market shares, number of
subscribers, minutes of traffic and total revenues. In the absence of data for networks
marginal costs, we have assumed that 1) termination costs for mobile operators equal
the endpoint of the latest glide-path set by ANACOM (after the costing model has been
developed), 2) there is symmetry between origination and termination costs, 3) fixed
costs are zero. We assumed, moreover, symmetric costs among operators. Regarding the
fixed market, we were only able to obtain information for the historical operator, which
forced us to assume that the alternative networks have similar cost structures. As before,
for simplicity, no fixed costs were considered.

The first step of the calibration procedure was to compute the call demand
parameters. We assumed linear call demands, q(p) = a — bp, and used exogenous values
for the call demand elasticity € and the call externality . Based on recent literature, we
believe €=-0,5 is a reasonable assumption and the results reported below are for that
specific case. Nevertheless, we have run the calibrations and simulations for a range of
different values and the results were qualitatively similar. Regarding the call

externalities, we assumed BF = 0.5 and report results for the entire spectrum for ¥,

14



i.e., from BM=0 (no call externalities) to BM=1 (the receiving party has the same utility
has the calling party). Then, using the parameters computed, we determined the
horizontal differentiation parameters ¢ and vy, for the mobile and fixed markets
respectively. Finally, the preference asymmetry parameters, A for the mobile market

and B for the fixed market, were derived.

Data:

Costs: In the absence of data for networks marginal costs, we assumed a marginal cost
of originating and terminating calls on mobile networks of 1.27 c€ per minute,
corresponding to ANACOM’s estimate of pure LRIC. Similarly, for the fixed market,
we assumed that the marginal origination and termination costs are symmetric and equal
ANACOM’s latest regulatory proposal to the EC of 0.1114 c€ per minute. For the
calibration, we used the 2010 mobile termination charges of 6 c€ per minute and fixed

terminate charges of 0.285c€” per minute.

Subscribers and market shares: In 2010, the total number of mobile subscribers was

13.083 million and of fixed subscribers was 3.746 million. The subscriber market shares

for each mobile and fixed network are presented in Table 1.

Mobile Market Fixed Market
TMN 44.2% Grupo PT 59.3%
Vodafone 39.7% ZON 14.8%
Optimus 16.1% Optimus 12.9%
Other operators 13%

Table 1. Market shares for mobile and fixed networks.

2 Simple average between the charge in peak time (0.38c€) and off-peak time (0.19¢€).
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Traffic: In 2010, MTM voice traffic was 18,416 million of minutes (M min), much
higher than the FTF traffic of 6,411 M min. Mobile subscribers’ calls to fixed

subscribers amounted to 670 M min, while the fixed-to-mobile traffic was 891 M min.

Revenues: Total revenue from voice communications and monthly rental fees

amounted, in 2010, to € 1,696 M in the mobile market and € 675 M in the fixed market.

Calibration:

Demand Parameters: Using the theoretical equilibrium outcome derived above, along

with data for marginal costs and market shares, we were able to compute predicted call
prices, for each value of the call externality ™. Then, given our assumption about call
demand elasticity, € = -0,5, as well as the model’s predictions of the relative proportions
of on-net and off-net calls, we were able to match the equilibrium tariffs with the
observed demand to recover the linear demand parameters a and b. For instance, for
MTM calls, we matched the model predicted MTM call minutes (a function of predicted
prices and endogenously determined market shares) with the observed demand of

QM=18,416 M min from a mass of subscribers of m=13,083 million, such that:

Q= m? Z?,j:l aiaj(am - bmpz{\;']) = mz(am - meNM)a

where pM = Y2 a;a;p}/ is the average price.

. . lastici ¢ .. . m?pMpy,
Knowing that the price elasticity of demand is given by: € = — oM
we can combine both expressions to determine a,, and by,:

=1 M _ _ =¥
Ay = F(l —-&)Q", by, = g

Thus, for MTM calls, we obtained a,, = 161.39, as well as the following values of the

slope demand, depending on the strength of the call externality:
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BM=0 pM=025 | BM=05 gM=075 | pM=1

b 9.82 8.79 7.38 5.63 3.49

Table 2. Demand slope for mobile-to-mobile calls.

A similar calibration exercise resulted in a,s= 20.51 and b,,+=4.40, for MTF calls, and

afm = 27.30 and bg, = 1.49, for FTM calls.

Horizontal Differentiation Parameter: After having calibrated the demand parameters,

we were able to determine, for each value of the call externality £, the differentiation
parameters of the logit subscription demand (o for the mobile market and y for the fixed
market), by matching the model’s predicted revenues from fixed subscription and voice
calls with the observed ones, knowing that total revenue for the mobile and fixed market

is given, respectively, by:

m m n
RevenueM™ = M Z a; (MZ ajp{?qf‘} +N Z 0, pHF gMF + Fl->
: =t -

l:l - knzl
Revenuef = N Z O <N Z 0,p5qf, + M Z aipiMqfM + Dk>
k=1 =1 i=1
The calibrated values, which were always within the stable range’, i.e. 6 < o"* and y <
v | are reported below.
BM=0 pM=0.25 pM=0.5 pM=0.75 pM=1
c 0.0138846 0.0121220 0.0099879 0.0073838 0.0040738
" 0.0340904 0.0212334 0.0136370 0.0083051 0.0041324
Y 0.0113446 0.0113446 0.0113446 0.0113446 0.0113446
e 0.1485701 | 0.1485701 | 0.1485701 | 0.1485701 | 0.1485701

Table 3. Differentiation parameters

Asymmetry Parameters: Finally, we were able to determine the network asymmetry

parameters from observed market shares, predicted equilibrium prices and the

3 This stability check is essentially a consistency check that allows us to exclude multiple equilibria and
tipping, without further implications given that is has been verified. ¥ and 0*** were determined as
indicated in Hoernig (2014).
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previously calibrated differentiation parameters. Given our assumption of logit
subscription demand, only pairwise differences, i.e. A;— A;for the mobile market and
By - B, for the fixed market, can be calibrated. We have, therefore, normalize A;= 0 for
TMN and By = 0 for PT, which implies that the remaining asymmetry parameters
identified and reported below represent the additional amount a subscriber would be
willing to pay to change from TMN or PT to each of the alternative networks, if
everything else was otherwise identical.

a(Aj—Ai+w}V'—wlM

Given our logit model assumption, it follows that: % =e
i

1, (e o —BtwFwF 1, (6
wi’ —wj" +-1In (—’) and - = eY(Bi-Bitwi —wi) = B, = wl — wF +-In (—l)

a; k Ok
Mobile Market
pM=0 pM=0.25 pM=0.5 pM=0.75 pM=1
Vodafone -15 -16 -17 -19 -18
Optimus -95 -92 -87 -82 -215
Fixed Market
ZON -224 -224 -224 -224 -224
Optimus -238 -238 -238 -238 -238
Other operators -237 -237 -237 -237 -237

Table 4. Asymmetry parameters (€ per year)

The counter intuitive non-monotonic behavior of the asymmetry parameter of
Optimus is explained by network effects. As the strength of the call externality
increases - in particular, when M > 0.8 -, mobile networks significantly enlarge their
on-net/off-net price differentials. For a fixed demand function, this increase would lead
to a dramatic reduction of the quantity of calls demanded. However, as in the calibration
procedure we are assuming this quantity is fixed, the adjustment has to be achieved
through the slope of the demand function, as seen in Table 2. Thus, even with the higher
off-net prices, the demand of the smaller operator increases. As a result, the consumer

surplus of Optimus’s subscribers increases, which would lead to higher market shares.
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Nevertheless, as in the calibration these are also assumed to be constant, the adjustment

is achieved through the specific connection surplus, A, which significantly reduces.

7.  SIMULATION RESULTS

We simulated the impact of reducing MTRs in consumer surplus, profits and welfare.
We tested four different scenarios, and assumed values for the call externality parameter
pMof 0, 0.25, 0.5, 0.75 and 1. All results are reported in € million and refer to changes
compared to the baseline scenario, which was assumed to be MTRs at the 2010 level
(6¢€ per minute for all mobile operators). Positive values represent increases in the
variables under consideration, while negative values imply a reduction. Market shares,
which are determined endogenously in our model, are not reported here as they do not

change significantly compared to their 2010 level, but they can be found in Appendix 2.

Pure LRIC, Reciprocity with fixed market and Bill and Keep

Mobile Market: Considering the mobile market in isolation, our simulations produced

the following results.

Change in Mobile Market Welfare
BM=0 pM=0.25 | pM=0.5 | pM=0.75 pM=1
Pure LRIC 65 199 428 896 2148
Reciprocal with Fixed 45 190 433 919 2204
Bill and Keep 38 184 430 919 2211
Asymmetric rates 16 130 330 761 1947
Change in Mobile Market Consumer Surplus
Pure LRIC -181 -193 -241 -389 -1268
Reciprocal with Fixed -242 -257 -308 -461 -1378
Bill and Keep -261 -277 -330 -485 -1412
Asymmetric rates -65 -89 -151 -307 -1094
Change in Mobile Market Profits
Pure LRIC 246 392 669 1285 3416
Reciprocal with Fixed 287 447 741 1380 3582
Bill and Keep 299 461 760 1405 3623
Asymmetric rates 80 219 481 1068 3041

Table 5. Mobile market effects
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As shown in Table 5, reducing MTRs to any of the three typical alternatives
described before has a clear positive effect in welfare in the mobile market for all values
of fM. This increase ranges from €38 million to € 2 billion per year, depending on the
strength of the call externality. Nevertheless, contrary to the results of Harbord and
Hoernig (2014) for the UK, this increase is exclusively driven by a rise in profits, given
that consumer surplus is significantly lowered (a reduction increasing in the value of
B™M). These losses for consumers are explained by the reduction in the waterbed effect
and the weaker tariff mediated network effects. While the former reduces fixed-to-
mobile transfers, the latter relaxes competition, which harms consumers through higher
subscription fees. These results suggest that, given the particular structure of the
Portuguese market, the positive impact of lower off-net prices (the call externality
effect) is outweighed by the remaining effects, regardless of the strength of the call
externality. In fact, contrary to the theoretical intuition, the higher the ratio of receiver
benefits, the higher the loss for consumers. Regarding mobile networks’ profits, they
tend to increase for all values of M due to the network competition effect. Adopting a
pure LRIC approach seems to bring the highest welfare gain and the less harm to
consumers.

Fixed Market: Considering now the fixed market, we see that, similarly to what
happened in the mobile market, welfare increases under all the alternatives considered.
The estimated values, as expected, do not depend on the strength of the mobile calls

externality M.

Change in Fixed Market Welfare
Pure LRIC 50
Reciprocal with Fixed 63
Bill and Keep 67
Asymmetric rates 35
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Change in Fixed Market Consumer Surplus

Pure LRIC 50
Reciprocal with Fixed 63
Bill and Keep 67
Asymmetric rates 35
Change in Fixed Market Profits
Pure LRIC 0
Reciprocal with Fixed 0
Bill and Keep 0
Asymmetric rates 0

Table 6. Fixed market effects

This increase is explained both by the reduction of transfers to mobile networks and
by the increase in FTM quantities towards their efficient level (change from 18,201 to
25,244 millions of minutes). Under the assumption of competition in the fixed market,
this gain is captured by consumers, rather than fixed networks. In fact, fixed-to-fixed
(FTF) prices and call quantities are independent of the level of MTRs, and even though
FTM call quantities increase, as they are priced at cost, profits remain constant.

Contrary to the mobile case, in the fixed market it is the “Bill and Keep” approach

that produces the highest gains.

Aggregate Welfare: Considering aggregate welfare, i.e. the sum of welfare in the mobile

and the fixed markets, we see that, regardless of the strength of the call externality and
the scenario considered, welfare increases significantly. Depending on £, this gain can
go from € 100 million to € 2.2 billion. This impressive rise reflects the elimination of
the distortion introduced by setting MTRs above cost, which depresses call quantities
and inflates prices. Nevertheless, these benefits are mainly absorbed by network
operators, as aggregate consumer surplus decreases in all the alternatives analyzed,
suggesting a higher importance of the waterbed effect and tariff mediated network

effects in the mobile market. Confirming the theoretical prediction, when fM=0 pure
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LRIC-based pricing results in the highest welfare gain, but when call externalities

matter welfare-maximizing MTRs are always below cost.

Change in Aggregate Welfare
pM=0 | pM=0.25 | pM=0.5 | pM=0.75 | BM=1
Pure LRIC 115 249 478 946 2198
Reciprocal with Fixed 108 253 496 982 2267
Bill and Keep 104 251 497 986 2278
Asymmetric rates 51 165 364 794 1983
Change in Aggregate Consumer Surplus
Pure LRIC -131 -143 -190 -339 -1218
Reciprocal with Fixed -179 -194 -245 -399 -1315
Bill and Keep -194 -211 -263 -419 -1345
Asymmetric rates -29 -54 -116 -274 -1058
Change in Aggregate Profits
Pure LRIC 246 392 669 1285 3416
Reciprocal with Fixed 287 447 741 1380 3582
Bill and Keep 299 461 760 1405 3623
Asymmetric rates 80 219 481 1068 3041

Table 7. Aggregate welfare effects

Asymmetric Rates:

Challenging recent literature that opposes asymmetric rates, we simulated the impact
of regulating TMN and Vodafone’s MTRs to cost, while allowing Optimus (the
smallest network) to keep its 2010 level termination charge. Our results show that, in
comparison to the pure LRIC case, social welfare increases less both in mobile and
fixed markets. Nevertheless, this decrease is due to smaller increases in mobile
operators’ profits, rather than consumer surplus. As detailed in Appendix 3, contrary to
the remaining alternatives where all mobile operators’ profits increased, when
asymmetric rates are introduced only Optimus benefits, while TMN and Vodafone are
worse off than in the baseline scenario. Moreover, interestingly, consumers in the
mobile market are much less harmed when asymmetric charges are introduced than with
LRIC-oriented prices. This result can, once again, be explained by the waterbed effect,

given that the extra profit Optimus gains by charging higher MTRs is at least partially

22



competed away in retail market due to the assumption of competition.

Additional Issues:

The framework developed in this paper allowed us to estimate the likely welfare
impacts of reducing MTRs to several different scenarios, but it is, nevertheless, unable
to capture other potential effects that may accrue from the EC’s decision. First, we have
assumed that changing MTRs does not alter the structure of retail prices (CPNP
principle), while in fact empirical evidence and some recent literature suggest that
reducing MTRs below cost may lead networks to adopt a receiving party pays regime
(RPP), where consumers have to pay for receiving calls. Based on pure theory, it is not
possible to make any prediction on this subject, as the literature is still scarce and the
results ambiguous. Moreover, as noted by Harbord and Pagnozzi (2010), even when
mobile termination rates are zero, reception charges tend to be relatively modest. The
EC, on its turn, believes that it is highly unlikely that aligning MTRs to cost will result
in a RPP regime. It claims that the CPNP principle is ‘‘firmly anchored in the mentality
and consumer behavior of Europeans” and that any company trying to change it would
probably lose much of its customers to competition.

Another potential effect that is omitted in this model is the possibility of higher
investments and innovations in the fixed sector once the cross-subsidy from fixed to
mobile customers is removed. This would not only benefit consumers, who would enjoy
wider offer of services, but also fixed operators who would have additional revenue
sources and opportunities. Our model does not allow us to draw any conclusion on the
likelihood of this scenario, as fixed networks’ profits remain constant by assumption.

Finally, it is possible that reducing MTRs, by eliminating barriers to entry, increases

the number of operators in the mobile market, thus benefiting consumers through
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stronger competition. Even though our model is not able to directly assess this
possibility, the fact that mobile networks’ profits increased significantly may indeed
encourage other operators to enter the market, thus confirming the theoretical

prediction. It is, nevertheless, very hard to be sure solely based on our framework.

8. CONCLUSIONS

The 2009 EC’s Recommendation proposed a dramatic change in the regulatory
approach to MTRs in Europe, which led to significant reductions of these charges in
most countries, including Portugal. While there is indeed some theoretical support of
this new policy orientation in recent literature, there are also some voices that strongly
oppose such shift. In fact, based on pure theory, it is not possible to predict what the
likely effects of reducing MTRs will be.

In this paper we have developed a framework to quantitatively assess the potential
impact of changing MTRs in Portugal. Our results show that, in line with the EC’s
Recommendation, reducing MTRs does indeed increase social welfare, profits and
consumer surplus in the fixed market. Nevertheless, mobile consumers will be seriously
harmed and this loss is not outweighed by the gain of fixed subscribers. This result
provides some evidence of the ‘waterbed effect’. Among the different regulatory
approaches, pure LRIC results in the highest increase in overall welfare and is also the
approach that harms consumers the least. In contrast with recent literature, asymmetric
rates are beneficial for consumers, even though the increase in aggregate social welfare

is smaller than with other alternatives.
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APPENDIX 1: Equilibrium OQutcomes

Mobile Market:

Given our assumption of uniform off-net call prices and inelastic subscription demand,
we were able to determine equilibrium call prices through the standard technique of
holding market shares constant by appropriate adjustments of the fixed fee F;, which
will be determined afterwards.

Thus, for on-net prices p!! and the mobile-to-fixed price plaf mobile firm i holds

=MY" a,h + NY?_, 0,hMF — F; constant.

Using the fact that Z—: = —q and = pM(q¥)" and assuming that the relevant second-
order conditions hold, this implies that:

anM dF;
0 = Ma;, —%L xdp}! — dF; & —
dpii p

= Mal(ﬁMpu (qu ) — dii )

ii

dhlk

dF;
0= Nt xdplil — dF, & S M

= _qikFN'

lk

For off-net call prices pfj‘“” , we have to take into account the existence of call
externalities, which implies that any change in pU not only affects w, but also
—MZZ 1k M+NYR 19k W — F;, with:
dw! = =M1 — a;)q}idp}] — dF; ,
dw! = Ma;Mp}} (g} ) dp}].
Recalling our assumption of uniform off-net call prices, we have that deM = dw} for
all j,z # i. From Z;"zl aj = E'a =1, where E is a (mx1) vector of ones, it follows

that E'GM = 0, where GM is the symmetric Jacobian, and also that GME = 0.
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The response of market shares to a small change in surplus dw is given by da =
oGMdw™ . Thus, in order to keep market shares constant, dw™ has to be proportional to

E.ie.dw!! = dw} forall j:

dpu M[(l a)qi] + a:fpij (qu)]

Finally, firm i’s first-order conditions on profit maximization, assuming once again that

the relevant second order conditions hold, become:

dT[M 2,2 My M ! M

dp =Ma [Qu + (pu —Cy )(qu) ,8 Pii (qu) CIL'i] =0
ii

dn’{w 2 M M

dpM =M a’i(l - ai) qi; + (pl] - Cl])(qu) - qz] pu (q )
3]

dr

e = MNa;[q" + (i — el (ai’) —aqix’ 1 =10

where @ is the average off-net cost and equals W =Y i e /(1 —a).
The resulting call prices are therefore:

M
_ Xp#i®bCip

pu 1+ﬁM ’ plk = Clk s pl] - 1_(1+3M)ai ’j # 1.

The next step is to determine networks’ optimal subscription fees. Recalling that market
shares are given by a = gM(6(A + w™)) and call surplus equals wM = MhMa +
NhMFQ — F, through the implicit function theorem we are able to determine the effect

of a change in fixed fees on market shares:

% =—o(I — oMGMAM)~1G = —gHM

A sufficient condition for (I — cMGMhM)~ (and thus H) to exist is “stability in

stab stab

expectations”, which means o < o where o is the smallest value & > 0 such
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that det(I — 6MGMhM) = 0. In the following computations we assume this condition
holds”.

From the above, it follows that the impact of firm i’s fixed fee, F;, on firm j’s market

. daj . iy e .. . C e
share, @;, is d—F’ = —JH]-I‘{' . Thus, firm i’s first-order condition on profit maximization
i
becomes:
m n
qF ~ OMH |\ M ) aR;+N R +Fi—fi
l .
j=1 k=1

+Ma;(1—oM Y7L HYR}Y) = 0.

The resulting fixed fee is:
Fi=fi— NXp_ O RNF + MY a;(RM — RM),

M

_ 1 HY ..
where Rl = ——5 — 3L, M s XRM, RM = 0 forall j # .
2

Fixed Market:

In order to determine the equilibrium outcomes for the fixed market, we followed the
exact same procedure as in the mobile market. First, we found the optimal pricing
structure holding market shares constant, through appropriate adjustments of the fixed
fees, and then, in a second step, networks’ equilibrium fixed fees were determined.
Below we present the relevant computations and results, assuming that the necessary
second-order conditions hold.

For on-net prices pf, and the fixed-to-mobile price pf}! , fixed firm k holds wi =

N Y3 1 60,hkp + M X2 a; hil' — Dy constant.

4 This condition has been verified in our calibrations.
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For on-net prices pf, and the fixed-to-mobile price pi.” fixed firm k holds w{ constant.

Using Z—Z = = pf,(qk,)’, this implies that:

dnf
0=NO kk Xdpkk —dDy & F = N6, (B prx (@ir)’ — aix)»

dhf dDy FM
0=M—%x i xdpp! — dD =—qr M.
il T

For off-net prices pj,;, taking into account the call externality and the assumption of off-

net call prices, we have that:

dDy _

vk, —N[(1 - 6,)qr; + 6B pri(ai))'].

Firm k’s first-order conditions on profit maximization become:

dp = N?6; [Qkk"'(Pkk ch)(abk) + B pf(af) - qkk]
kk

dnk

ak, = N?6,(1-6,) [le + (v - Ckl)(qkl) — il _ﬁﬁpp 1(qi)’ ] =0,

dn
dv:ff”

= MNO,[qr!" + (i — ceiD (g — qii']1 = 0.

The resulting calls prices are:

_ ik FM _ FM ,F _ S2k 02Cky + k
Pk = Typr > Pri = Cki > Pkl = 1 (11 pF)0,

Regarding subcription fees, using the implicit function theorem, we determined the

impact on market shares of changing fixed fees, which is given by:

2 = —yU" —yNG"hF)T'G" = —yH".
Thus, the impact of firm k’s fixed fee, Dy, on firm [’s market share, 6;, is ;—? = —H{};.
k

Firm k’s first-order condition on profit maximization becomes:
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drf
dDI:( yNHkk< ZeRkl-l-MzalRFlIw-l-Dk_fk)

+ N6 (1 —yN XLy Hic Rig ) = 0
The resulting fixed fee is:

D, —MY" a;REM + NI 191(Rkl RE),

where RF, = yN—;fk -3k Hle XRE, RE, = 0 forall | # k.
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APPENDIX 2: Changes in Mobile Operators’ Market Shares

Pure LRIC

BM=0 pM=0.25 BM=0.5 pM=0.75 pM=1
TMN 42.47 41.46 40.01 38.27 39.53
Vodafone 38.58 37.80 36.71 35.50 38.14
Optimus 18.94 20.74 23.27 26.23 22.33

Reciprocal with fixed network
TMN 42.29 41.24 39.79 38.09 39.30
Vodafone 38.46 37.64 36.55 35.39 37.92
Optimus 19.25 21.11 23.66 26.53 22.78
Bill and Keep
TMN 42.25 41.20 39.74 38.05 39.25
Vodafone 38.43 37.61 36.52 35.36 37.88
Optimus 19.33 21.20 23.74 26.59 22.87
Asymmetric rates

TMN 39.06 38.56 37.72 36.64 38.73
Vodafone 34.52 34.22 33.71 33.25 37.12
Optimus 26.42 27.23 28.56 30.12 24.16
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APPENDIX 3: Changes in Mobile Operators’ Profits

pM=0 | pM=0.25 | pM=0.5 | pM=0.75 | pM=1

Pure LRIC 96 145 240 460 1340

TMN Reciprocal with fixed | 113 166 267 494 1401
Bill and Keep 118 172 274 503 1417
Asymmetric rates 79 31 57 263 1093

Pure LRIC 94 148 251 484 1380

Vodafone Reciprocal with fixed | 109 168 2717 517 1441
Bill and Keep 114 174 284 526 1456
Asymmetric rates 66 14 31 297 1137

Pure LRIC 56 99 177 341 695

Optimus Reciprocal with fixed 65 112 197 369 740
P Bill and Keep 67 115 202 376 750
Asymmetric rates 225 | 265 343 507 | 810
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