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Executive Summary

This paper presents new research into the determinants of prices and inter-network
charges in relation to call termination. Our particular focus is the pricing of fixed to
mobile calls and its interaction with competitive conditions in mobile
communications.

We demonstrate that mobile termination service pricing and demand is substantially
influenced by patterns of mobile competition, integration among different modes of
telecommunication and consumer’s difficulties in distinguishing among alternative
mobile carriers when placing calls. These economic factors mean that market power
is present and likely to be exercised in determining inter-network call charges to the
detriment of end users and overall social value created.

Specifically, we find that:

1 Unregulated mobile termination charges will result in higher than monopoly
call prices.

2. Mobile networks will negotiate low reciprocal termination charges so as to
soften price competition.

3. Theregulation of termination charges and prices downward will raise mobile
subscription rates.

4. Regulation of any mobile carrier’s termination charges can reduce fixed to
mobile prices but will result in an increase in unregulated carriers’
termination charges.

5 When fixed line consumers can distinguish between different mobile
networks they are calling, fixed to mobile call prices will fall relative to their
level under consumer ignorance.

6. Direct mobile charging for termination exerts downward pressure on the total
fixed to mobile call price.

7. Theissues in the setting of mobile originating charges for B-party paying calls
involves the same issues and principles as those for termination charges.

We conclude that a low cost method of improving fixed to mobile outcomes would
be to facilitate the identification of carriers by consumers and restructure billing so
that mobile networks are able to directly charge fixed line consumers for termination
services. These would provide conditions conducive to facilitating competition in
termination services and hence, more efficient pricing outcomes among
telecommunication networks. Nonetheless, such structural changes would be
complimented by regulatory measures to ensure that termination charges were
below the marginal cost of termination.
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Section 1 Background

1  Background?

Ths paper is an economic invedigation of the determinants of inter-
network pricing in the context of mobile network competition. In particular, as
pat of gened principles of interconnection or any-to-any  connedtivity,
telecommunications cariers offer terminating services for cdls originating off
other networks. These sarvices ensure that calers from other networks can
reech those on a given tdecommunication network and hence, are an essentiad
ingredient in ensuring that tedecommunications networks remain compdible
Given the convention that the cdler pay the originaing network directly, the
terminating service involves the originging carier paying the termingting
carier for tha sarvice It is the determination of such inter-network
(termination) chargesthat is the focus of this paper.

To be clear, a terminating service is essentidly the carriage of a cal
from a point of interconnection between two networks to the consumer for
whom the cdl is intended. Thus, the terminating network beers the trunk and
connection cogts from that point of interconnect to the consumer while the
originging network bears the cogts from the cdler to the point of interconnect.
Under the cdler-pays principle of charging, however, the cdler is charged for
both the originating and terminating services The originging network collects
the cdl charge and tha nework and the terminating network mug, in turn,
transact for the terminating service. It is the price that the terminating network
charges the originating one that is the focus of the present andyss. Not
surprisngly, as that price becomes part of the margind cost of the cal service,
it dso an important factor in determining the overdl price of the call.

1 We thank the Australian Competition and Consumer Commission (ACCC) for providing funds for this
project. The views expressed are solely those of the authors and do not reflect those of the ACCC.
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Section 1 Background

Our principd focus here is on termination charges that arise for cdls
made from fixed line to mobile networks. These termination charges are st by
mobile networks while the ultimate price of fixed to mohbile cdls is st by the
fixed line network. A regulatory concern arises because of a potential lack of
competition on ether end of this service Frd, fixed line networks —
paticulaly on the locd loop — ae d4ill effective monopolies in many
jurigdictions, including Audrdia Hence, those networks are able to exercise
considerable market power in the pricing of al their services? Second, once a
mobile network has attrected a consumer, it in effect owns the termination
revenues that might flow to that consumer. This potentidly gives it market
power in the setting of termination charges for access to its consumers. In each
of these cases, the ability of the fixed line or mobile carriers to exercise market
power and cregte socidly inefficient outcomes will depend on the possble
subdtitute choices that are open to consumers of mobile and fixed services.

It is in this context that we conduct our andyss. In paticular, we
propose to examine two broad questions:

Wha pricing outcomes for terminating services aise when

telecommunications prices are not regulated?

Where these outcomes differ from a socidly optima outcome, what is

the effect of dternative regulatory rules on prices and competition?

In addressng the former question we will examine the unregulated outcomes
in a context of fixed network monopoly and mobile network competition,
including cases where some networks are integrated across dterngtive means
of tdecommunicetion. For the latter question we will examine a broad set of
rues ranging from mandated negotiadions to dternaive billing patterns, the
provison of grester levels of consumer information and the direct setting of
termination charges. We will be concerned with questions such as whether
different cariers should receive different regulatory trestment based on

2 In Audtrdia, these prices are now set by long distance carriers rather than the local network owner.
Nonetheless, we will demonstrate below that this distinction isin many ways cosmetic.
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Section 1 Background

rdative maket power? How cdosdy should termination charges reflect
termination costs? How changes in market sructure and concentration include
the rationadle for regulaion? And how changes in termination charges will dter
the prices for other telecommunications services, incuding mobile network
subscription charges.

The paper is organised as follows. In Section 2, we describe in more
detall the economic forces that underlie the setting of termination charges and
the reasons why regulation may be required. Section 3 then dtates and explains
intuitivdy our moddling results concerning unregulaed outcomes and the
impact of dternative regulatory rules Sections 4 and 5 provide a detaled
technicd andyss that underlay the results explaned in section 3. Section 6
then condders the impact of fixed network competition while a find section
concludes, identifying key directionsfor future research.
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Section 2 Economic Characteristics of Termination

2  Economic Characteristics of Termination

Before beginning the formd technicd andyss, it is usful to
summarise the economic factors that determine how firms will st mobile
termination charges. There are five key characteridics of terminating services
that drive their value and use. These are: (1) market power over access to a
consumer; (2) consumer ignorance regarding the network cdled; (3)
horizontal separation; (4) verticd separdion; and (5) tariff-mediated network
externdities.

2.1 Market Power Over Access to a Consumer

Telecommunicetions involves a twoeway network, where the party that
makes and pays for the cal is not dways the same as the party that chooses
which company will supply the cdl. This is the dtuation under mobile
termination where the cdling party, or the A-party to the cdl, pays the price of
the cdl. Because of this tedecommunications companies tend to have some
degree of market power when terminating calls. Once a person has decided to
join a specific mobile network, that network has a degree of monopoly power
over the price tha it charges any other paty wishing to cdl that specific
person.

This maket power may be trivid or nonexigent in cetan
cdrcumgances. For example, if a person choosing a mobile network cares as
much about the price of incoming cdls as they do for outgoing cdls, then any
atempt by a mobile network to rase its terminaion charges may lead such a
person to change networks. This is likey to be approximetely true where the
mobile phone is to be used dmogt exclusvely so tha some family members
can use fixed to mobile cdls to contact other family members. The person
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Section 2 Economic Characteristics of Termination

choosng the network will then tend to be equaly concerned about incoming
and outgoing cdl charges.

In generd, howewer, it seems reasonable to assume that many parties
choosing a mobile network attach a grester weight to the outgoing cal charges
that they pay directly than to the incoming cdl charges for which they, a best,
areindirectly ligble.

2.2 Consumer Ignorance Regarding Inter-Network
Pricing

The market power generaied by the control of cadl terminaion might
be rdaivdy gamdl except for a second chaecterigic of many
tedecommunications sysems, including the current Audrdian mobile phone
sysem. A person who cdls a mobile phone user will often have little idea as
to the exact mobile company tha will terminate their cdl. In particular, unless
the A-paty remembers, when cdling from the fixed network to a mobile
network, which mobile phone companies happen to have which four digit
prefixes, the A-paty can only guess the exact mobile company that will
terminate ther cal. For many fixed to mobile cdls it seems reasonable to
assume that the A-party has no information beyond the market shares of the
mobile cariers or the probability that they might be cdling one or other
network. Such a cusomer will not know the cogt of ther cdl in advance but
can only use an estimated price based on market shares:3

This effect is exacerbated in the context of number portability. Even
where a prefix may have given some information regarding the network being
cdled, with mobile number portability those differences will diminish in the
future and make networks indistinguishable to the consumer.

3 In its inquiry into mobile termination, the UK Monopolies and Mergers Commission found that fixed
line consumers had little knowledge of the mobile networks they were calling or of price differentias in
carrier-specific cal prices, see MMC (1998, pp.31-33).
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Section 2 Economic Characteristics of Termination

To see the effect of this uncertainty, suppose that the opposite were
true and a cugomer cdling fixedto-mobile both knows the identity of the
terminating carrier and the price of the cdl. In some circumstances, the mobile
network will retain some market power. If the Aparty has to contact a pecific
person then they will gill make the cdl, dthough if the per minute termination
charge is high, they might truncate the cdl or ask the person on the mobile
phone to cdl them back. In other cases, the mobile carier will have little
market power. If the A-party does not need to cal a specific person, but rather
can choose any individua from a group of people then they will choose the
individua who is chegpest to contact. For example, if the A-party needs to cal
a plumber, but has no preference over which plumber they contact, then they
will choose the plumber thet is linked to the mobile network with the lowest
termination charges. This will, in turn, meke the plumber indirectly face the
termination cods — if they jon a mobile network with high termination
charges then they will receive fewer cdls and less busness. A mobile network
with higher termination charges will have fewer members and competition
will tend to moderate termination charges.

In contrast, suppose that the person meking the fixed to mobile cdl is
only able to guess a the identity of the terminating network. In particular,
suppose that the A-party only knows the market shares of mobile carriers and
can only esimate the average termination charge. Then each mobile network
does not bear the full competitive consequences from raisng ther termination
charges and, consequently, will have consderable discretion to rase thee
chages When one network raises its termination charges, this rases the
average price that the A-paty pays. But the A-paty only knows this average
and because they cannot diginguish between mobile networks, they will make
ther caling decisons on the bass of this average, not the network specific
charges. This, in turn, bresks the indirect link between termination charges and
cdl frequency to a pecific mobile customer.

Take the plumber example presented above. If the A-paty cannot
diginguish the identity of the terminating network before they make their cal,
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then this identity is irrdevant to the decison about which plumber to cdl. The
person may cal a plumber on a network with high or low termination charges,
but they are only likdy to know this when they receive a hill. This is too late
for the A-party to change ther caling decison. The plumber on a network that
has high termination charges is no longer pendised through fewer cdls for
these charges, and so does not even indirectly bear these charges. In fact, to
the degree that a network might pass some of these high termination charges
back to a cusomer through lower prices for cdls originating on the mobile
network, the plumber might have an economic incentive to join a network
with high termination charges.

We will refer to this effect, where a cusomer cdling fixed to mobile
canot ex ante identify exactly which mobile network is associaed with a
paticula mobile number, and so cannot identify the network that they ae

‘buying from,” as customer ignorance.

2.3 Horizontal Separation

There are three further effects that exacerbate the concerns about
termination charges. One of these flows from customer ignorance, and can be
referred to as horizontal separation. As noted above, if a mobile carrier raises
its termination charges under customer ignorance, this affects the average
price that a cusomer pays for cdling fixed to mobile. But it does not affect
gpecific cals to any one mobile carrier reldive to any other carrier because the
cusomer cannot identify the carrier that they are cdling. Thus, if one carier
raises its termination charges, and this raises the average fixed to mobile price,
then customers may make fewer and shorter fixed to mobile cdls. But they
will meke this adjusment for all such cdls as they cannot identify the carier
they are cdling. The network tha raises its termination charges does not bear
the full customer reaction from this price rise, but shares this reaction with the
other mobile networks. In economic terms, there is a negdive externdity

between mobile networks as each network is likdy to receve fewer and
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dhorter fixed to mobile cdls when another mobile network raises its
termination charges. Badc economics shows how there will tend to be
‘overproduction’  of negdive extandities In this dtuation, the negaive
externdity is associated with an increase in termingtion charges, so we would
expect horizonta separation to result in excessve mobile termination charges.

2.4 Vertical Separation

Mobile termingtion charges are dso likdy to be inflated due to vertical
separation. This effect is well known in economics? If the fixed network and
the mobile carier are two separate companies, and these companies cannot
bargan pefectly over nonlinear termination charges, then the verticd
separation will lead to ‘double margindisaion.” The mobile carier will tend
to raise the price of termination above margind cost S0 as to increase its own
profits. But this raises the cost of mobile cal termination as seen by the fixed
network. To the degree that the fixed network has any market power, it will
tend to st its fixed to mobile cal prices by marking up this price over cos.
However, the cost observed by this fixed carrier is not the true margind cost
of termingtion, but the higher termination price set by the mobile carier. As a
result, termination charges tend to be marked up over cost twice — once by the
GSM carier and once by the fixed carier. In the extreme, this can lead to
pricing above the verticaly integrated monopoly price.

2.5 Tariff-Mediated Network Externalities

Fndly, termination charges might not reflect competitive behaviour
because of network externalities between mobile phone customers. These
externdities exist if there are benefits to one consumer who buys a product
when other consumers choose the same product. For example, when choosng

4 See, for example, Perry (1989).

December 1999 8



Section 2 Economic Characteristics of Termination

a computer operdting sysem, a customer might be more willing to buy a
paticular system if a dgnificant number of other consumers ether have
dready bought this sysem or are likely to buy this sysem.

If mobile phone charges were cost reflective then it is not clear thet
there would be any network externdity. But mobile cariers might have an
incentive to use termination charges to creste thee externdities. For example,
if a dominant mobile carrier wanted to difle competition from a new entrant, it
could st high cdl termination charges for that entrant. The dominant carrier’'s
exiding cusomers will be largely unaffected by these charges, but the new
carier's cusomers will face a high price when ringing the dominant mddle
carier. This can be a dgnificant digncentive from joining the new carier.
There is a network externdity because the high inter-carrier mobile-to-mobile
charges make it chegper for cusomers to ring each other if they dl beong to
the same network.

The anti-competitive effects that characterise termination charges are
built into the models presented in this paper. For example, in section 4 we
condder a modd with exogenous mobile carrier cusomer shares that captures
cusomer ignorance and both verticd and horizonta separation. This modd
dlows us to focus on fixed to mobile terminaion charges and mobile-to-
mobile termination charges. In section 5, this modd is extended to dlow for
endogenous market shares. This dlows us to focus on how termination
charges can be used to atract customers to a particular mobile network and
how they can be used to create network externdities. In each section, we
condder different regulaiory rules that might be imposed on the mohbile
cariers, and consder the effects of these rules.

2.6 Termination Charges and Access Pricing Issues

Given the aove, it is worth reflecting upon the difference between
issues that arise from termination as opposed to those that arise when pricing

access to essentid facilities. Both share in common the idea that what is being
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priced is an important input into a service. For termination, this is an input into
an inte-network cdl sarvice For access, what is priced is an input into
downgream production. However, it is the horizonta interactions highlighted
above that digtinguish termination issues from access issues.

To see this recdl that the issue in access is the leverage of monopoly
power. That is, regulaors are concerned that a firm with a monopoly or near
monopoly in one pat of the verticd chan of production might use the
monopoly power to extend those monopaligic conditions and pricing
downstream. Specificdly, they might price in such a way that few firms are
ale to operate downdgream. In this dtuation, the role of regulaion is to
facilitate downgream competition that might otherwise be harmed by
discriminatory access pricing.

There is dso a concern that termination charges could be used to either
meke entry difficult or raise rivd’s cods thereby, harming competition in a
rdaed maket. But in this case, the monopolisic conditions arise because of
network effects. Termination services arise when networks interconnect with
one ancther. As interconnection subdues the monopoligic tendencies of
network effects while presarving ther (demandsde) bendfits, the issue of
foreclosure is only sdient when congdering interconnection terms to ‘smdler’
players. Termination charges may be used in the same way as discriminatory
access charges to raise rivas cogts. On the one hand, this may leed to a
reduction in network competition by making entry difficult. On the other, it
may lead to a softening of price competition between established networks®

But there is dso the fact tha there may sSmply be insufficient
competition in certain inter-network services that is of concern to regulators
when congdering termination charges. That is, so long as there is customer
ignorance, the termination sarvice itsdf canot be a locus of network
competition. Indeed, because of this it can potentidly be used as a means of

5 For amore extensive discussion of this point see Armstrong (1998).
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cross-aubsdisng competition on man network services Hence, the regulator
is faced with difficult quedions regarding the bdance of prices among
different network services, including termination services and cannot Smply

congder one without examining the consequences for others.
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3 Key Results

In this section we date our key results and the intuition behind them.
The technical details are left to the next two sections. We will first condder
the results regarding the pricing outcomes in an unregulated environment
before consgdering the implications of dternative regulaiory rules. Findly, we
will comment on mobile originaing charges for B-paty payer cdls and the
role of fixed network competition.

3.1 Unregulated Outcomes

3.1.1 Fixed to Mobile Services

As mentioned in the previous section, it is a basc fact of terminaing
services that the providers of such services have a certain degree of market
power in sdting terminating charges. Consder a mobile network with a given
customer base. Even if that base is smdl, cdlers from other networks to those
cusomers will have to pay a price for cdls to that network thet is in part
influenced by the terminating charge st by that mobile network. But it is true
that as the price of fixed to mobile cdls rises, fewer such cdls will be made.
The dadticity of demand for fixed to mobile cdls will, therefore, temper the
market power of the mobile network. However, this effect is limited by
cusomer ignorance. What this means is that if a given mobile network raises
its termination charge this will influence the average number (or length) of
fixed to mobile cdls to dl networks and will not cause that network to receive
proportionately fewer cdls than other mobile networks. This is because calers
to mobile networks respond only to the overdl price of fixed to mobile cdls
and canot diginguish any price differentids in such cdls to dternative
mobile networks.

Thisgivesusour firg result:
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Result 1: Unregulated mobile termination charges will be higher than
monopoly pricing of such services.

This result is a combination of consumer ignorance, horizontal and verticd
Ssepardion. To see this suppose there was only one integrated provider of
mobile and fixed line services That network will base charges for its
terminating service on the actuad margind cost of terminaion. As it has a
monopaly, its fixed to mobile price will be a dmple mak-up over those
margind codts resulting in amonopoly pricing outcome for such services.

If the networks were not verticaly integrated, with the mobile network
seting its terminaion charge independently then, when it can only st a
uniform termination charge, it is likdy to st tha chage aove its actud
margind termination cos. Otherwise it would not meke a profit. The end
resllt is wha is referred to as ‘double margindisaion’® As the mobile
network raises the fixed network’s margind cost of fixed to mobile cdls, the
price of those cdls is higher. This results in lower consumption, reduced
consumer surplus and aso in lower profits for both networks than would arise
under vertica integration. It is only when the two networks can negotiate non
lineer termination charges (such as a two-pat taiff) that the monopoly
outcome will be restored with the termination charge st equd to actud
margind termination cods.

Horizontd separation of mobile networks combined with customer
ignorance serves to execerbate the double margindisation effect; causing fixed
to mobile prices to increase further. First, when consumers on the fixed
network cannot eesly determine the precise price of the mobile network they
are cdling, the fixed network can do no better than setting the same fixed to
mobile cal charge regardless of the network being caled. This cdl price will
be sat on the average termination charges. Consequently, an increase in one
mobile network’s termination charge will raise this average and the fixed to

mobile price in generd and not Smply to its own network. Thus, an increase

6 For adiscussion see King and Maddock (1996), Chapter 4.
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in its termination charge has a negative externd effect on the termination
profits other mobile networks receive. Indeed, the smdler (in terms of market
dhae) the mobile network, the less likdy is it to intendise the demand
reducing effects of an increese in its termingtion chage. So the less
concentrated the mobile network market, the higher will be the levd of fixed
to mobile cal charges.

Indeed, this effect is drengthened further when mobile networks
recognise the influence of termination profits on ther own competitive
interactions.  When competing againgt each other, mobile networks will
recognise that attracting a customer not only gives them revenues from the
cdls that the customer makes but also termination revenues from cals made to
that cusomer. A mobile network with a higher termingtion charge will,
therefore, receive more profits from a given customer without any reduction in
cdls to tha customer; the cdls to tha customer are not influenced by the
network they subscribe to because the cdler cannot identify this network. So
by having a higher termination charge, a mobile network effectively receives
grester benefits from attracting a given customer and hence, can afford to offer
more dtractive subscription terms to that customer. All  competing mobile
networks will redise that reative charges from termination matter in raising
ther own oved| profits and they will, consequently, raise ther termination
charges to increase these. It is possble that this interaction could go so far as
to ‘choke-off’ fixed to mobile demand entirdy. Tha is terminaion charges
may, in equilibrium, be so high tha the fixed carier is unable to profitably
offer afixed to mobile service.

One response to this may be for the fixed network to utilise its
monopoly postion to favour one mobile network. The favoured mobile
network may receive a lower termination charge for cals made from its
network to the fixed network. Its rivd with higher charges would be in a
diminished competitive pogtion and hence, price competition among the
networks would be weskened. This, in turn, would alow for a fixed to mobile

sarvice to have a lower price. In effect, a fixed and mobile network would be
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getting together in a form of ‘quasrintegraion’ to diminate the negative
externdities associated with customer ignorance and verticd separation. This,
of course, would have a detrimentd effect on the degree of mobile network
competition.

The posshility of integration between the fixed network and one
mobile netwak does not improve these outcomes. While such integration will
reduce the average termindion charge (as the integrated firm sets its implicit
termingtion charge equa to margind cod), this will cause the non-integrated
mobile carriers to rase ther termination charges accordingly. The end result is
that the integrated carrier will receive a lower level of profits than if it was
veticadly separated. Hence, integration will not be advantageous. Only when
integration leads to the ability to favour a sngle mobile network and soften
price competition will such integration be profitable. This will reduce fixed to
mobile prices but a the expense of a softening of price competition in the
mobile market and the conferral of market power on the integrated carrier.

Findly, it is sometimes agued that mobile subscribers will have
preferences for incoming as wedl as outgoing cdls Consequently, mobile
networks may wish to utilise low fixed to mobile prices to attract consumers to
their network and hence, lower her termination charges. However, o long as
consumers on the fixed network are unable to diginguish between dternative
mobile networks when meking cals, their demand will be based on an average
price. As such, mobile networks will be unable to utilise differences in
termination charges to dtract consumers to ther network. So while a
consumer preference for incoming cals may increese the attractiveness of
subscribing to any mobile phone network; so long as there is customer
ignorance, this will not exet any additiond compeitive pressure on
termination charges.

3.1.2 Other Termination Services

Mobile networks dso offer a temination savice for each othe’'s
mobile-to-mobile cdl traffic. The termination charges chosen here can directly

December 1999 15



Section 3 Key Results

impact upon a rival’s cods In particular, an ingdstence on a high termination
charge may make a rivd uncompetitive. However, when two networks are not
cloe subditutes, termination charges will not be effective as an entry
deterrence device. Indeed, it is possble that such charges may become an
indrument of colluson to rase esch othe’'s codts and soften price
competition.”

However, mobile phone comptition is often based on nonlinear
pricing (eg. twopat taiffs) that make this type of colluson less likey.
When networks can offer consumers a twopat taiff, they will optimdly set
dl ussge or pa cdl charges equd to margind cogst; goproprigting profit
margins through fixed subscriber charges For intranetwork cdls, these
charges will reflect true margind cods while, for inte-network cdls, they will
include the rivd’s terminaion charge. If rivd neworks choose ther
termination charges independently, they will sdect charges above their actud
margind termination cods. This is because they neglect the negative effect a
higher price has on ther rivd’'s profits generating a sSmilar outcome to the
double margindisation effect rather than a collusve choice per s This gives
each network an incentive to negotiate a reciproca terminaion charge that
equals margind cogt; thereby, nullifying the double margindisation effect.

Result 2: Mobile networks will negotiate low reciprocal termination charges
S0 as to soften price competition.

Mobile networks do not have an incentive to use high termingion chargesin
order to facilitate colluson.

However, it is possble that networks could use low termination
charges — the so-cdled ‘hill and kegp' rule — to soften price competition. Thet
price competition tekes place as networks lower subscription (or  fixed)
charges to attract customers. If atracting a customer aso attracts lucrative
termination revenues for cdls to that cusomer, this only serves to rase the
dakes of building market share. On the other hand, a reciprocd bill and keep

7 See Laffont, Rey and Tirole (1998a), Armstrong (1998) and Carter and Wright (1998).
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rue means that an additiond customer brings with it a liability — in the form
of costs but no revenue from termination. Hence, the benefits the network can
potentidly derive from an additiond customer are less and it will soften its
price competition in response. In equilibrium, negatiaing a bill and keep rule
keeps network profits high by committing networks to termination losses,
effectively raisng each other’s codts.

3.2 Regulatory Options

The aove andyss has indicated the mobile networks can potentidly
utilise termination charges in a way tha softens price competition and, in the
cax of fixed to mobile cdls, causes higher than monopoly prices for the
ovadl savice These reallts suggest a role for regulation in curbing such
potentid abuse of market power. However, finding a regulatory option thet
fully resolves the concerns is difficult. Nonethdess we have explored a
number of regulatory options and were able to evauate which ones were most
likely to promote competitive and socidly desirable ends?®

321 Mandated Negotiations

As dready dluded to above, negotiated outcomes on terminaion
charges were often superior to more arms length, posted prices as they
diminated the negaive externdities associated with double margindisation.
But, mandated negotiations dso make it more likely that larger networks and
fixed line networks with market power will be adle to use discriminatory
termination charges to wesken or deter entrants from effective
interconnection.

However, even in the absence of entry deterrence, negotiated outcomes
ae not pefect. On fixed to mobile cdls the best negotisted outcome is

8 One option that we have not addressed is to provide mobile consumers with a ‘recelver pays option for
fixed to mobile calls — as is practiced in the United States. Recent research suggests that this may have a
beneficia effect on fixed to mobile prices and mobile competition. See Doyle and Smith (1998).
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monopoly pricing of this savice On mobile-to-mobile cdls a negotiated
outcome would lead to very low inter-network prices but at the cost of higher
substription  charges. The low  inter-network  prices would be inefficient
resulting in over-consumption of that service These inefficiencies would be
borne by subscribers to mobile networks, perhaps a the expense of mobile
phone adoption. In this respect, while mandated negotiations are desrable in
curbing the worst aspect of termination pricing they are unlikdy to result in

socidly efficient outcomes.

3.2.2 Direct Regulation of Termination Charges and Prices

A more direct means of controlling ant-competitive pricing of
termination services would be regulaing those prices Of course, this would
entail dl of the practicd difficulties associated with such regulation but
ultimately there would likdy be a reduction in such prices and a greater
intengty of cals from fixed to mobile networks.

However, given the interdependencies identified earlier, a reduction in
mobile termination charges for cdls from fixed networks would impact on
other prices. In particular,

Result 3: Simple regulation of termination charges and prices downward will
raise mobile subscription rates.

Recdl tha, when termination charges are high, this means tha mobile
networks recelve additiond termination profits from dtracting  another
customer. Such termination profits offset any costs associated with attracting a
cusomer. Consequently, when those profits are high, this makes mobile
cariers more st low prices to atract customers with any sacrifice in
subscription  revenues being made up for by additiond terminaion profits
Consequently, if a regulated terminaion charge were to reduce termination
profits, this will soften bidding and lower mobile network competition. This is
because the lower termination charges mean that servicing margind customers
becomes effectivdy more codly for mobile networks and hence, their
incentive to offer lower subscription rates is diminished. Thus, we expect that
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regulation of termination charges will leed to higher mobile subscription rates
in the longtem than would aise in the absence of such regulation.
Nonetheless, this could 4ill be socidly desrable as deadweight losses on the
fixed to mobile service are reduced.

Thee condderations make benchmarking the appropriate termination
charge difficult. What can be sad is that an upper limit on termination charges
should be the margind cogt of terminating a cadl on a mobile network. This is
the appropriate benchmark that would arise if fixed cariers st fixed to mobile
cdl prices in a competitive manner. Let us denote this by cr. Given the
possibility of congedion, this is likdy to differ between pesk and off-pesk
times. Nonethdess, it would be possble to use the lowest mohbile cal prices
themsdves to infer something about these costs. In particular, suppose thet it
was known that average trunk rates for maobile cdls — say over long-distance
lines — was ¢ per minute. Thus, the tota margind cost of a cal would be ¢ +
2ct (the latter term assuming that it cods the same to originate and terminate a
cdl).? If, in a paticular period, the lowest per cdl minute price of a mobile
cdl was p, then if this price is close to a competitive level, a good
gpproximation for cr would be given by ¢, =1(p- c). Hence, the upper limit
on termination charges for fixed to mobile calsshould be 2 (p - ) .

Note, however, tha it is important that this not be a formulac
regulated price in the sense that it would be updated based on observed cal
prices. This would give carriers an incentive to raises prices and may lead to a
further softening of mobile network competition. Insteed, the price could be
based on current (preregulaion) prices. Or, dternatively, the price used could
be the minimum per cdl minute price of any mobile carier. While not perfect,
this would diminish the incentives of individud networks to raise cal prices to
drategicaly increase termination charges, as they would be the same across
networks.

9 Some alowance would aso have to be made for connection costs.
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What is dso true is tha this possble terminaion charge represents an
upper bound. The optimad charge would mog likey involve a termination
charge bdow margind cos (i.e, bdow cr). This may involve a termination
chage of zero; &in to a ‘bill and keegp' rule between fixed and mobile
cariers. As noted above, the cost of this would be a potentid increase in
subscription  rates Nonethdess going beyond a smple per cdl minute
regulated charge could mitigate this10 If the fixed network were to pay mobile
networks a fixed fee, this fee could be used to intensfy mobile competition.
This would involve rewarding networks that ettracted subscribers with a
higher fixed fee than those who logt subscribers. In effect, mobile networks
whose customers churned to another network would be pendised with a lower
fixed fee than those who ettracted customers. Such use of a fixed fee could
regore the competitive conditions in the mobile market while ensuring lower
prices for fixed to mobile cals themsaves.

What should be emphesised here is that regulated termination charges
will have to be in pat, deermined on a caseby-case bass Individud
networks will have different cusomer bases, coverage and asymmetric market
shaes. To the extent they use different technologies, they may dso have
different termination codts. These factors will have to be taken into account
when determining how far below margind cogt termination charges should be
St

Findly, it is someimes agued tha regulation of the termination
charges of dominant mobile networks (i.e, those with the grestest market
share) would suffice to ensure more efficient pricing of fixed to mobile cdls
To be sure, we find that regulation of the termination charge of dominant
networks to margind cost will lower such prices. However, the beneficid
effects of such regulaion are patly offsst by an increase in the termination

charges of unregulated carriers.

10 Thelogic hereis similar to the use of fixed access charges proposed in Gans (1998).
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Result 4: Regulation of any mobile carrier’s termination charges can reduce
fixed to mobile prices but will result in an increase in unregulated
carriers’ termination charges.

Thus, the reduction in fixed to mobile chargesis not as greet asit might be.

This suggests that there may be benefits to regulaing dl networks on
smilar terms. While regulating networks with the grestest market share will
result in the largest reductions in fixed to mohbile prices this will make those
networks less aggressve in mantaining ther maket share redive to those
networks whose termination charges are not regulated. Hence, the regulated
shae will diminish reaive to the unregulaed share, rasing average
termination charges and hence, fixed to mobile prices The longer there is
asymmelry in regulation among networks the longer are potentid losses in
competitive neutrdity among them likdy to persd. In the short-term, this may
assg entry. However, in the longterm this codd lead to inefficient pricing

outcomes.t

3.2.3 Carrier Identification

A criticd resson for high fixed to mobile cdl prices is the inability of
fixedine customers to disinguish between dternative mobile networks they
ae cdling. This means that price differentids among networks — in particular,
driven by potentidly different termination charges — do not cause asymmetries
in cdling paterns and termination profits to each. Thus competition among
mobile networks for termination revenuesis muted.

This swggests that providing a means of carier identification to
consumers could bresk this competitive barier. Specificdly, we find tha
when consumers can didinguish between networks, termination charges are
reduced; dthough they ill result in cdl prices a@ove monopoly levels due to
the effect of double margindisation.

11 The issue of the regulation of termination charges for non-dominant networks is dealt with extensively
in Gans and King (1999).
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Result 5: When fixed line consumers can distinguish between different mobile
networks they are calling, fixed to mobile call prices will fall relative
to their level under consumer ignorance.

Carier identification removes the externdities associsted with horizonta
separation and maekes posshle termination charges closer to margind cod.
Indeed, when the fixed and mobile networks negotiate, they would try to agree
to charges equa to margind cost and the resulting cdl price would fdl to a
monopoly leve.

Providing consumers with information regarding cdl prefixes would
fedlitate such identification in the shortterm. But this form of network
identification would wesken ovetime with the introduction and spread of
mobile number portability. Alternatively, perhagps a didinctive sound may be
played when a cdl is places to a paticula mobile carier. Findly, greater
advetisng and awareness of any temingion and fixed to mobile price
differentids could encourage consumers to be aware of the cariers friends,
family and work colleagues subscribe to. These things would assist in making

termination services more competitive.

3.24 Direct Termination Charging

Termination charges are more difficult to change (paticulaly if they
are negotiated) than the actud price of fixed to mobile cdls. Laws preventing
resdle price maintenance and aso the need to have information regarding codsts
reinforce this. This precommitment is a source of power for mobile networks
who can effectively act as price leeders in the setting of fixed to mobile cal
prices to end users. This suggedsts that a minima regulatory change that might
improve competitive outcomes would be for mobile carriers to directly set the
price of termination to fixed line cdlers That is a fixed line bill would be
comprised of two components, a terminating charge and a trunk-origingting
charge. The actud hilling would Hill be done by the fixed carrier (in return for
a regulated hilling fee) and cdls would 4ill be pad for by the cdler. However,
the mobile network would directly — rather than indirectly — determine the
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termination charge. It will not dlevigte consumer ignorance but perhaps it
could aso be used to fadilitate learning in this regard.

Under direct chaging, some of the negative effects of verticd
separation are removed.

Result 6: Direct mobile charging for termination exerts downward pressure
on the total fixed to mobile call price.

To be sure because terminating and originating services are complements,
there will be some double margindisation effect. However, it will not be as
severe and hence, thetotd price of afixed to mobile cdl islikdy tofal.

3.3 Mobile Origination Charges

Origination charges are rdevant for services such as 1-800 numbers,
where the B-paty pays for the cal. If mobile operators have fixed market
shaes, then these origination charges rase dmilar issues to termination
charges. B-paties receive cdls from mobiles in a ratio tha (goproximatey)
equas the market share of the mobile carier. But each B-paty does not
decide on the volume of cdls that it receives and, for many services, may have
only a reaivedy dight control over the length of the cdl. Thus the criticd
margin of choice for the B -party iswhether or not to offer the service at dl.

Suppose that the demand curve for 1-800 and smilar services is
downward doping. If origination charges are higher, then fewer Bparties will
take up the service. Also, assume that the B-party cannot sdect which mobile
carriers can be used to cal its number. Then exactly the same issues as arise in
fixedto-mobile termination charges arise for origindion charges. In paticular,
from the B-paty’s pergpective there is consumer ignorance in the sense that
they smply receive a sample of cdls from dl mobile cariers and the weight
of cdls in the sample is (approximately) the same as the market shares of each
carier. Each mobile carier has an incentive to overprice origingion charges
and these charges will be aove the monopoly price whenever there is mobile

carrier competition.
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One regulaory solution to this problem of customer ignorance and
horizontd separation is to dlow the B-paty to choose which mobile cariers
can ue its savice In other words, rather than being a sarvice tha is available
for dl mobile cariers customers, 1-800 and smilar services would only be
avalable if the B-party and the mobile carrier reached an agreement. Note that
for originging charges, sdectivity of mobile cariers is eguivdent to mobile
carier identification for termination charges. The effectiveness of this solution
will depend on the ability of the carier and B-paty to agree on nonlinear
prices and the potentid for double margindisttion when a fixed carrier lies
between the mobile carrier and the B-paty and can drategicdly st the trunk
and termination charge for the mobile carier. If there are no condraints on the
ability of the mobile carier and the B-paty to choose non-linear pricing and
there is, say, a regulated carriage and termination charge for the fixed carier,
then individud mobile carier negotiation and choice is likdy to be reativey
effective. The agreed originating charges are likdy to be rdativey efficent
and the margind charge will reflect margina cog.

Alternatively, the regulator might choose a more intrusve form of
reguldtion, such as directly setting the origination charges. This is mog likely
to be a rdevat solution if it is impossble for the B-paty to sdectivdy make
a 1-800 or milar service available to mobile carrier customers.

The dtuation is more complex if there is competition between mobile
companies for customers. Terminaion charges for 1-800 and smilar services
ae a form of extra revenue that is dtached to winning a customer.
Straegicdly, they are identical to the terminaion charges set by the mobile
carriers for fixed-to-mobile cdls. In the absence of agreement between mobile
cariers, thee charges will tend to be st above cos and this will lead to
increased competition for mobile customers. If the mobile cariers can
mutually agree to set these charges then they will want to agree to set them to

alow leve to mute price competition.
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Again, if originaion charges are set excessvely high (such as the
choke price) then ether mobile carier sdection or more intrusve direct
regulation can be used.

3.4 The Role of Fixed Network Competition

Our andyss above has taken place in the context where there was a
monopoly or dominant fixed network, or dternaively, where fixed networks
had a large degree of market power. Thus, it is sometimes argued that if there
were competition among fixed networks this would assg in reducing fixed to
mobile charges.

Fixed network competition will certainly reduce the margins those
networks charge on fixed to mobile cals. However, these margins are above
margind codts that are based, in part, on the termination charges set by mobile
networks. The incentives of those networks to keep those charges high remain
even when there is fixed network competition. This is because consumers are
dill ignorant of the mobile nework they ae cdling. Consequently,
encouraging competition among fixed network does not reduce the case for
introduding the suggested regulatory dterndtives above.

An dternative that is currently being pursued in Audrdia is to dlow
customers to pre-sdect a carier that will bill them for fixed to mobile cdls. In
the absence of any further regulation, this presdection will be andogous to
direct chaging by mobile carie'ss The pre-sdected firm will negotiate
directly with the fixed and mohbile cariers regarding the charges for fixed to
mobile cdls. If there is strong competition between presdected firms, then
the negotiated charges will be passed on directly to the end users.

The use of presdection for fixed to mobile billing does not remove the
issues of horizonta or verticd separation and, by itsdf, mekes no change to
the problem of customer ignorance. The presdected firm is smply an agent
for the individud consumers. But as noted above, direct charging by mobile
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cariers does change the drategic interaction between firms and can reduce
fixed to mobile charges. Mobile pre-sdection will dso have this effect.

To the degree that there is extra regulation with pre-sdection, the price
of fixed to mohile charges will dter. For example, suppose tha the fixed
carier is not regulated with regards to the price it can st for fixed to mobile
cdls, but that the charge for fixed line origingtion under presdection is
regulated a a price bdow the profit maximisng price for the fixed carier.
Then pre-sdection will pass this lower price onto the customer. The lower
fixed network origination charge will result in lower overdl fixed to mobile
prices. This will be a least patidly offset by the mobile cariers raisng ther
termination charges. Overdl, the customers and the mobile cariers will gan
a the expense of the fixed carier. While this might appear to be a benefit of
pre-sdection, the same result could be achieved with direct mobile charging

where the fixed carrier faces the same regulation as under pre-sdection.

3.5 Conclusion

Each of the above regulatory options, & best, would restore fixed to
mobile prices to ther monopoly leve. A possble exception is the direct
regulation of tha price. However, such regulation may result in an increase in
other mobile prices.

Nonethdess, our andyss has suggested that a key component to more
eficdent outcomes in termination services is changes that facilitate the
introduction of competition there. In particular, a combination of carier
identification and diret mobile chaging would comprise a minima
regulatory means that may have a lage effect on fixed to mobile prices.
Carier identification would meke competition for termination revenues
possble and dlow mobile networks to satisfy consumer preferences for
incoming cdls to ther mobiles in order to gan a competitive edge Direct
mobile charging would dremgthen this by giving mobile networks a more
direct link with the totd price of fixed line cdls to ther network. These
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changes would bresk up the current conditions that serve to difle competition

for termination services.
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4 Exogenous Mobile Network Market
Shares

In this section and the next we provide a detaled, technicd andyds of
the results and condusons discussed @ove. We divide our andlyss into two
pats. Frs, we focus exdusvely on the determination of fixed to mobile cdl
charges in a cattext where mobile networks market shares are exogenous. On
one levd, this is a device to damplify the draegic interactions that might
otherwise emerge and isolale some important effects in the determination of
fixed to mobile cdl charges On another leve, the fixed market share case
may be applicdble to dtuations where mobile networks are not drong
subdtitutes. In particular, the two networks may cover different regions or
consumer groups. Nonetheless, the exogenous market share case does hold
constant other prices of relevance in mobile competition. Consequently, in
section 5, we develop a model of mobile network competition to explore the
interactions between fixed to mobile prices and other prices that may be st by
fixed and mobile cariers. We will see that the logic of many of the reaults
presented in this section continues to be vdid even in the more complex

framework developed later on.

4.1 Model Set-Up and Assumptions

Condder a modd with n mobile networks each owned by a separate
firm, and a gngle fixed network. Mobile phone customers ae didributed
between the various mobile networks where s is the market share of mohbile
network i. The margind cost of terminating a cdl on a mobile network is
given by ¢} while the margind cogt of originating a cal on the fixed network

is ¢ . The margind cost of trunk services is given by ¢, so that the totd

margina cogt of afixedto-mobilecdl isgivenby ¢, =cf +¢ +cf .
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We begin by consdering the termination charges that will be s for
fixed-to-mobile cdls by the mobile cariers. We will see bdow that the same
type of issues aise for termination charges between mobile networks and for

origingting cal charges to ‘B-paty pays sarvices under the fixed market
shares assumption.

Let P be the price of a cal from the fixed network to mobile network
i. We can think of this price as ether being a price per cdl or a price per
minute of the cal. The fixed carier will set the price. In this section, we
assume that ether (1) the fixed carier is undble to set a different price for
different mobile networks, so that R =P, =P for dl mobile cariers or (2)
that the customers cannot determine which mobile carrier they are ringing ex
ante. Under this laer assumption, the fixed carrier could set different prices
for different mobile cariers but these prices would only influence consumers
decisons to the extent that they change the average price, P tha customers
pay. This average price determines demand and is given by P = éis, P. The
second assumption captures the idea of consumer ignorance discussed above.

As consumers ether explicitly or effectivdly face a sngle (average)
fixedto-mobile price, P, the demand for fixedto-mobile cdls is given by
Q(P). It is often convenient to assume that this demand is liner so that
Q==%(a- P). The linear demand assumption alows us to explicitly caculate
prices and charges and to compare these charges over different regimes. The
fixed carrier will st the price of fixedto-mobile cdls taking into account both

the demand for such cdls and the cogt of those cdlls.
If the fixed and mobile networks are owned by sparate firms, then the

margind termination cogt that will enter the fixed carier's pricing policy is
not the true magind cost of termindion, ¢ but raher the margind
termination charge st by the mobile carier. We denote the margind
termination charge set by mobile carrieriby T, per cdl.
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A useful benchmark price for our andyds is the uniform monopoly
price for fixedto-mobile cdls. This is the profit maximisng price that would
be st by a sngle firm that owned baoth the fixed network and the only mobile

network. We denote this price by P™, where this price is implicitly defined for
a generd demand function by Q¢P™)(P- ¢, )+Q(P™) = 0. For the case of a
lineer demand, P™=1(a+c.,) and the associaed monopoly quantity is
Q" =X(a-c,). Monopoly profits from the sde of fixedto-mobile call

savicesin thisstuation isdenoted by P™ =4 (a- c,)?

4.2 Unregulated Outcomes Without Integration

Suppose that the n mobile networks independently and smultaneoudy
st ther linear termination charges T,. The fixed network owner then sets the

fixedto-mobile price P. Given this (average) price, customers decide how
many fixedto-mobile cdls they will make, taking into account ther own
ignorance of the identity of the terminating mobile carrier for any specific cdl.
With each decison, the rdevant firm seeks to maximise its profits and dl
networks take the market shares of each mobile carier as given. Given the

termination charges, the fixed carrier will set P to solve:
max, ¢P- ¢ - ¢, & §T Q(P)
The soluion to this problem is given by P=%(a+Q ST +c; +¢) with

asociated quantity Q=-(a- § ST,- ¢5 - ¢). Given the behaviour of the

fixed carier, the mobile networks will Smultaneoudy sat ther terminaion

chargesto solve:

max, L(T- ¢')a- & 5T, &- )
The firg order condition for the mobile cariers optimisation problem is given
by:
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[o]
a-a jliSjTj - 25T - Cg' C1+$CTM =0
Solving thee fird order conditions dmultaneoudy for dl mobile cariers
gives the Nash equilibrium termination charges.

There are three cases worth more detailled consideration. First, suppose
that there is just one mobile carier. This dlows us to capture the effect of

double margndisation by itsdf. In this gtudion, s =1, s tha
T=1(a-c-c,+¢') ad P=1(3a+c,,)>P" = long & a>cg, . The
totd quantity of fixed to mobile cals is given by Q=4 (a- ¢, ). Thisis the
sandard double marginalisation result. The verticd separation of the fixed

and mobile caris leads to pricing above the monopoly leve. This is

detrimental for both consumers and for the firms themsdves. The monopdy
price maximises indudsry profits so tha a higher price under verticd
separation  ectudly leads to lower industry profits than an integrated

monopaly. In this stuation, the mobile carrier’s profits are 1-(a- c.,,)* while

the fixed carier's profits ae -i-(a- c,)®. In totd, these profits equd

3—32(a - Cem )2 , less than the profits for an integrated monopoly given above.

Second, suppose that there are only two mohbile networks. Solving the
fird order conditions for these two networks gives the termination charges as

T=x%

i 35

(a- ¢ - ¢ +(2s - sj)d”) for each of the two mobile cariers i. The
(average) price of fixed to mobile cdls is given by P =%(5a+ ¢, )> P" with
asociated quantity Q =1%-(a- ¢z, ). Note that in this Stuation that the price
of fixed to mobile cdls is higher than in the case of a sngle mobile carier.
This is due to the effect of horizontd separation. Each network has an
incentive to unilaerdly rase its terminaion charge rdative to the cae of a
gngle carier as it gans the full price benefit of such a rise but shares any
related loss in sales. This effect tends to be larger for smal networks. Note
that as the market share of any mobile carier decreases, its (equilibrium)

termination charge increases. In particular,
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%:— 3_;2(&_ Cey ) <O.
At the same time, the share of the other carrier must increase and its
termination charge fdls. In the liner demand case consdered here, the
changes in termination charges tha result from changes in mobile carier
market shares exactly offset each other. In other words, for the case of two
mobile cariers, the price of fixed to mobile cdls is independent of the shares
of the individuad mobile cariers even though the specific termination charges
do depend on these shares.

The third case of interest dlows for competition between an abitrary
number of symmetric mobile cariers. From the firsg order conditions, with

nmobile cariers, each of whom has a market share of 1/n, each carrier will
independently st its  teminaion  chage  in  equilibium @ a
T =-(a-cf- g+1g'). The pice of fixed to mobile cals is

P =ﬁ((2n+l)a+ Cry ) We can see that this price increases as the number
of mobile cariers increese. Differentiating the fixed to mobile price with
regardsto n gives.

dap _
% T 2(n4)?

(a+cg,)>0.

In other words, the price of fixed to mobile cdls increases as the number of
mobile carriers increases. This reflects that, in terms of fixed to mobile cdls,
there is not redly any competition between mobile cariers. Because the
person meking the cdl is ignorant of the specific carier they are cdling,
mobile cariers have no incentive to compete by offering a lower termination
price. But as the number of cariers incresses, the effect of horizonta
separdtion rises and this pushes up the termination charges and the fixed to

mobile price.
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4.3 Regulation

What effect does different types of regulation of termination charges
have when there is no integration between the fixed carrier and any mobile
carier? There are clearly a variety of rules that can be applied. We begin by
conddering the smplest possble rules, noting as we progress the limitations
of therules.

43.1 Bargaining between the fixed and all mobile carriers

This minima rule smply requires bargaining between the cariers to
determine termination charges If this bargaining is efficient, then it will
interndise the effects of horizonta and verticd separation. This follows by
definition. Efficient barganing between the carigs will maximise the joint
profits of the cariers and this involves establishing a monopoly price P =P™
for fixed to mobile cdls In order to achieve such a price, the mobile cariers
would need to agree to set termination charges & magind cod. In other
words, the margind termination price would be T, =c}'. Profits would be
shared by the mobile and fixed carriers through the use of ‘up front fees or
equivaent lump-sum transfer payments.

If barganing is efficdent then the outcome will be equivdent to an
integrated monopoly. If bargaining is inefficient then the result is more likdy
to ressmble the even grester overpricing shown above. Even o, the efficient
barganing outcome does provide indght into the naure of efficient
termination charges. In paticular, these ae likdy to be non-linear charges
such as two-part taiffs It is likdy to be socidly desrable for the regulator to
encourage such twopart taiffs, paticulaly as pat of a barganing process
between carriers.

43.2 Direct mobile charging

An dtendtive, minima regulagory rule could involve the mobile
cariers directly charging the A-paty for cdl termination. In other words, the
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fixed carier would only charge a cusomer the originaion and trunk fee for a
fixed-to-mobile cdl while the mobile carier would charge the customer the
termination charge. To make such a rule feasble, the actud billing would have

to be done by the fixed carrier, possbly in return for aregulaed billing fee.

Having direct mobile charging would not effect of customer ignorance.
A cugtomer would gill not know which mobile network was associated with a
gpecific number until after they had been hilled. But it would dter the Strategic
interaction between the fixed and the mobile carriers. In particular, it will help
to offset the effects of vertical separation.

To see the effects of direct mobile charging, suppose that the fixed
network sets a price for origingion and trunk carriage of O. The totd price

for a cdl from the fixed nework to the mobile carier P =O+T,. Under

customer ignorance, with the shares of each mobile company given by s, the
expected price tha the cusomer pays for a fixed to mobile cdl is
P= O+éi sT. . The fixed carrier and mobile cariers smultaneoudy set ther

charges so that the fixed carrier solves:
max, 3 (a- O- & ,§T)(0- & - ¢).-
The firg order condition for the fixed carie is gven by

a- 20- éig'l'i +¢5+ ¢ = 0. Each mobile carrier will solve:

mex; —L(a-0- & §T)(T- ).
The first order condition for each mobile carier is
a-0-25T - § ST +sc' =0. Agan, it is worth looking & three cases —

a sngle mobile carier, two mobile cariers with asymmetric market shares
and nsymmetric mobile cariers.

Frg, if there is a dngle mobile carier, solving the firs order
conditions gives O=1(a- ¢ +25+2¢)and T =1(a-c5- g+2¢"). The

tota price of a fixed to mobile cdl is given by P =% (2a+cg,). Note that this
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price is bedow the sandard double margindisation price, which reflects tha
the direct mobile charging is reducing the effect of vertical separation. At the
same time, direct mobile charging introduces a new dement of horizonta
separdion. The fixed and mobile components of the cdl ae now
complementary inputs from the consumers perspective, but are provided by
different firms. Thus, the mobile direct charging does not compledy
interndise adverse spillovers in firm pricing and dill leads to a price aove the
integrated monopoly price.

Second, we can condder that there are two mobile carriers with
potentidly different market shares In this gtuation, solving the fird order
conditions gives.

O=1(a+3c5+3- &) ad T = (a+c (35 - 5) - (c§ +6)).
This gives an expected tota price P=Z(3a+c, ). As with the unregulated
case, the totd price of a fixed to mobile cdl is independent of the actual shares
of the mobile carriers in the case of linear demand. But the price is lower with
direct mobile charging than with dandard verticd separation. The specific
termination charges set by each carrier will depend on their market shares and,
as in the case without regulation, these termination charges tend to rise for a
carrier asits market sharefals.

Third, we can condgder the nsymmetric mobile cariers. Solving the
fird order oconditions in this dtuation gives a totd price o
P=_L((n+la+c,, ). To see the effect of increasing the number of mobile

carierswith direct charging,

ﬁ_ a- Ceum >
dn (n+2)?

The price of fixed to mobile cdls rises as the number of mobile cariers

increases even with direct charging.
Ovedl, direct mobile charging, even in the presence of customer
ignorance, tends to result in lower fixed to mobile prices than no regulation.
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But a the same time, it Hill leads to prices aove the integrated monopoly

level, and the price tends to rise as the number of mobile carriersincreases.

43.3 Carrier identification

An dtenaive regulaiory  gpproach  would involve  carier
identification. At a minimum, this would involve advertisng which cariers
were associated with which numbers to reduce customer ignorance. Even <o,
this would only be a short-term solution and would not be amenable to mobile
number portebility. Carier identification could involve a cusdomer beng
informed of the identity of the mobile carier that they are cdling after they
did the number but before billing commenced. A smple sound may aufficel?
The customer would then have the option of terminating the cdl if they did not
want to buy the relevant cal.

If cdler identification perfectly removes customer ignorance then each
mobile carrier is independent and there is no horizonta spillover between
cariers. If there is no customer subdgtitution then the fixed carrier and each
mobile carier are, in effect, a sepaate verticd par. In other words, if a
customer wishes to cdl a person or company connected to a specific mobile
carier and there is no dterndive to this cdl, then the fixed and relevant
mobile cariers are just like sequentid monopoligs. As a result, the behaviour
of the fixed carier and each mobile carier will be identicad to the case
andysed above for a sngle mobile carier. In other words, for each mobile
carier, T=%(a- ¢g-c,+c'), P=21(3a+cy)>P" ad Q=4 (a- Cay)-
Each fixed to mobile cal will have an identica price if each mobile carrier has
an identica cogt gructure. The prices will not depend on the market share of
each carier in the case of linear demand. In this Stuation, carier identification
completely removes the effect of horizontd separation but it has no effect on
vertical separation.

12 *AT&T' have asimpleidentification sound in the US.
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Alternatively, suppose that there is cusomer subgtitution between
cariers. This will tend to reduce the ability of each mobile carier to exert any
monopoly power. We would expect mobile termination charges to fdl and this
to be reflected in the fixedto-mobile price. In the extreme, suppose that there
is perfect subgtitution between mobile carriers. In this case, a cusomer has
numerous firms or people that they could cdl, and these firms or people are
connected to different networks The customer does not care which firm or
person they cdl and will smply choose the firm or person associated with the
cheapest fixed-to-mobile price. This leads to perfect competition between the
mobile cariers, and termination charges will be s¢ a margind cost. The fixed
carier, however, retains dl of ther monopoly power and can set the price of
fixed-to-mobile calls equd to the monopoly price.

434 Carrier identification and direct mobile charging

It might seem sendble to use direct mobile charging to reduce the
effect of verticad separation and carrier identification to remove the effect of
horizonta separation. Fird condder the case with no customer subgtitution
between mobile networks. If these regulatory options are both implemented,
then the result for the fixed network and each individud carier will be like the
gtuation of direct mobile charging with only one mobile carier. In other

words, for esch mobile  carier, O={(a- ¢" +2 +2c)ad
T=1(a-c5- g+2q"). The totd price of a fixed to mobile cdl is given by
P=1(2a+c.,,). Agan it is worth pointing out that this price is below the
price edablished with just carier identification, but remans above the
integrated monopoly price.

As subgiitution between mobile carriers increases, termingtion charges
under direct mobile charging will decrease until, with perfect subditution, the
chages equd magind cos. Agan, the fixed carier retans its monopoly
power 0 that the origination charge will be st a the monopoy levd,

o=P"-c.
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4.35 Direct setting of termination charges

One obvious regulatory option is to dlow the regulaor to s
termination charges directly. Suppose the regulaior establishes a termination
charge t that must be set by al mobile cariers The fixed carier will then
take this regulated charge as given and st the price of fixed to mobile cdls to
maximise profits. As the termination charges are now smply a cost to the
fixed carier, and dl drategic interaction is removed, the profit maximisng
price of fixed to mobile cdls will be P =1(a+cf +c, +t). If we compare this

with the integrated monopoly then P- P™ =1(t - ¢'). If the regulator sets
the margind termination charge equa to the margind cost of termination, then
the price will equd the integrated monopoly price. If the regulator sats a
termination charge above margind cost then the fixedto-mobile price rises
while if the regulator sets a terminaion charge below the margind termination
cog, then the fixedto-mobile price fals below the monopoly price.

The socidly optimd price for fixedtomobile cdls is given by the
margind cogt of these cdls c.,. The reguldgor would have to st the
termination charge & t™ =c¢f + ¢ +2c" - a before profit maximisation by the
fixed carrier was aigned with the socid optimum.

For any higher terminaion charge, t >t ", the socid wefare will be
decreasing as the termination charge rises. In paticdar, note that it is not
optima for the regulaior to set the termination charge equd to the margind
cog of teminaion. This only leads to integrated monopoly pricing and
monopoly profits for the fixed carier. Rather, to rase socid wdfae the
regulator needs to set the termination charge below margind codt. This creates
a problem for the regulator. The mobile cariers will make a loss on
terminating cdls. This loss will need to be recouped from some other source.
For example, if the regulaior st the termination charge below cog, but that is
dl, then the mobile cariers would have to recoup therr loses from termingting
cdls by rasng charges on outgoing cdls If competition prevented this, then

some cariers would need to leave the industry to reduce competition and
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dlow prices to rise In brief, setting the terminaion charges bdow cogt to
correct the digtortion in fixed to mobile cals will lead to a reduction in mobile
compstition.

An dternative for the regulator would be to st the termination charge
below cogt and then to require that the fixed carier pay a lump-sum fee to
each of the mobile cariers. The fixed carier makes subgantid profits on
fixed to mobile cdls under regulaied termination prices and 0 long as the
regulated temination price is not st below t° then the profits of the fixed
carier will adways be more than adequate to compensate for the mobile
cariers losses.

The problem with this dternaive is the setting of the fixed fee. Note
that this fee cannot be based on the number of cals or it effectively becomes a
margind or per cdl charge If the fixed fee is set on the basis of cadl numbers
(even, say, ddayed by twelve months) then much of the advantage of setting a
low termination charge will be log.

There are two obvious dternatives thet can be conddered in more
depth. Fire, the regulator can st the terminaion charges equa to margind
cod. As noted above this will lead, a bedt, to the integrated monopaly price
for fixed to mobile cdls. However, this assumes that the regulator can
correctly and accurately identify the margind termination codt. If the regulator
is uncertain aout this cost, and mugt rey on information from the mobile
cariers themsdves to determine this codt, then the mobile carriers have an
incentive to overdate termination charges. If there is just a sngle mobile
carrier, then this leads to a standard adverse sdection problem in regulaion.i3
The regulator's reliance on the mobile carrier for information in this Stuation
would lead to termination charges that dmost dways exceed cost and prices
for fixedto-mohile cdls aove the integrated monopoly price.

13 See, for example, Baron and Myerson (1982) and Baron (1989).
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If there are multiple mobile carriers but the regulator is uncertain of the
true termination cog, or if the regulator has access to cogt information from
mobile cariers in a different country, then the regulator can use yard-dick
comparisons to help set the termination fees.

Alternatively, the regulator could set termination charges a zero. This
rue has the bendfit tha such termination charges will hdp offsst the
monopoly pricing by the fixed carier. Further, if a is large redive to c,,
then a zero termination charge can il exceed t *. But if a is relaively dose
to c., O ¢ is reaively large then zero termination charges may be below
the socidly optimd level.

Zero termination charges have an additiond advantage that they are
easy to implement. The regulaor Smply does not dlow mobile cariers to
charge for termination. As the fixed carier actudly bills the cusomer, this
carier can enforce the rule by smply not passng any fees onto the mobile
carie's. At the same time, zero termination fees will result in the mobile
cariers making a loss from terminating fixedto-mobile cdls. To avoid these
losses from impacting on other aspects of mobile phone competition, the
mobile carriers will need to be compensated for this loss, say by a fixed per
carrier transfer from the owner of the fixed network.

4.3.6 Intervention for only a dominant carrier

An dterndive to direct price setting for al mobile carrier termination
charges would be to just st the termination charge for a ‘dominant’ carrier. To
see the effect of such a policy, suppose that there are n mobile cariers, and
they have asymmetric market shares. Let s; > s for dl firms it jsothat firm
j is the ‘dominant’ carrier. The regulator directly sets its termination charge for
fixedto-mobile cdls a t . All other caries then smultaneoudy st ther
termination charges. Given these termination charges, the fixed carrier sets the
pricefor fixedto-mohilecdls
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Usng the fird order conditions presented in section 21 above
replacing T, with t, we see that mobile carier i will st its termination

charge so that

a- A, 8T st- 25T -¢5- g+sq’ =0.
To amplify, assume that dl non-dominant (and nonregulated) mobile cariers
ae symmetric with market shares §=:1(1-s). From the first order

condition for profit maximisation for each non-regulated mobile carrier,

n- 1 E 1_ S, M
T = a- -C,- St + ] .
i n(l- Sj)( CO 1 j n_lCT)
Solving for the fixed-to-mobile price:

P=%((2n- Da+cf+c- st +(1-5)ct')

Note that P> P™evenif t =c solong as n3 2. In other words, even if the
regulator requires the dominant carier to st its termination price & marging
cod, the resultant fixedto-mobile price will adways exceed the integrated
monopoly price whenever thereis a least one other mobile carrier.

We can show that regulation of one mobile carrier leeds to lower fixed
to-mobile prices than no regulation s0 long as the regulated price does not
exceed the margind termination cost by too much. To see this le¢ DP dencte
the difference between the fixedto-mobile price with one mobile carier
regulated and the price with no regulatiion but the same totd number of mobile

cariers. Then DP:m(- a+c,+c+o' +(n+Ds (t - cTM)). This will be

negative so long ast - ¢ isnot too positive.

This sad, the effect of regulation in reducing the equilibrium fixed to
mobile price is smdl compared to the effect of additiond mobile cariers in
rasing this price To see this, suppose that one carier is regulaed but a the
same time there is one more mobile carier. In other words, while the

dominant carrier is regulated, another unregulated mobile carier enters the
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industry. In this case, let the change in price under regulation with an extra

mobile firm compared to the case of no regulation with one less mobile firm
be denoted by OP . Then DP = ,4(s;(t - o)) . Thisiis positive if t - c}' is
postive.

It is worth consdering the case of two firms in more deall. In this
gtuation, the dominant firm j is regulaied but the other mobile carrier remains
unregulated. Solving for the termination charge of the unregulated firm we
find that T =§(a- c-¢- st +sc). The fixed carier will then st the

price of fixed to mobile calls so thet P =1(3a+ci+ ¢ +st +sq'). Note that
this is not only grester then the integrated monopoly price but is dso above the
double-margindisation price whenever t - ¢ is podtive. This reflects DP as
cdculated dove The quantity of fixed to mobile cdls in this gtuation will be
Q=g(a- ¢g-c,- st-sc'). The profits of the unregulated carier are
given by ;L(a- - ¢ - st - sc')?. Note that these profits are decreasing in
t . The unregulated mobile carier prefers to have a more tightly regulated
competitor. This follows because lowering the regulated cariers dlowed
termination charge tends to lower the average price of fixed-to-mobile cdls
This provides the unregulated carrier more freedom to raise its termination
charges and increese its profits. The profits of the fixed carrier in this Stuation
ae given by &(a- c5- ¢ - st - 5 )%, Note that when t =c¢) then these
profits ae equd to the fixed carie’s profits under sSandard double
margindisation.

While we have referred to the regulation in this section as applying to
the dominant carier, nothing in the above discusson depends on this. For
example, if regulation involved setting the termination charge for one carier
equa to cog, the badc results for the two-carier case would be unchanged
regardless of whether the regulated carrier had more or less than 50% of the
market share.
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4.3.7 Regulation by setting the fixed-to-mobile price

One find dternative should be noted before we move to the case with
veticd integration. While the above andyss has conddered the regulation of
the termination charges set by the mobile carriers, a more direct solution © the
problem of fixedto-mobile charges might be the direct regulaiory sdting of
the fixed-to-mobile cal price Seting the end price for fixed-to-mobile cdls
avoids some of the problems with regulating mobile termination charges
directly. In paticular, it avoids issues of regulaiing firms tha only have a
rlatively smal market share. Once the find price was established, termination
charges would then smply be a device used by the carriers to divide any profit
that exigs under the regulation. While the setting of these charges could lead
to condderable disoute, such a dispute is more about sharing profits than about

raising pricesto the detriment of fina customers.

4.4 Unregulated Outcomes Under Integration

We now consder the case where the fixed @arier dso owns one of the
mobile carriers. For amplicity, we refer to this as the case of integration. In
this gtudtion, the mobile carier that is owned by the fixed carier cannot
effectivdly rase its margind termination charge aove magind cost. Any
such increase would merdly trandfer funds from the fixed carrier to the mobile
carier. But as the same company owns these cariers, these transfers would
gmply be internd to the company. A manager or owner who sought to
maximise the tota profits o the company would disregard such internd
trandfers as they have no effect on the profit of the company asawhole.

With integretion, the fixed carier will take the price of terminating
cdls to mohile phone networks other than its own as given, and wil s the
price of fixedto-mobile cals to maximise company profits Let s refer to the
fraction of mobile phone cusomers who are subscribers to the mobile carrier
that is owned by the fixed carrier. From section 2.1, the integrated carrier will

maximise:
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max, (P- G - ¢, - &' - & . §T)Q(P)
The solution to this problem is given by P=1(a+s.c!' +& , ST +cf+c)
with assodiated quantity Q=z(a-sc' -4 .,.5T-C-¢). Given the

behaviour of the fixed carier, the non-integrated mobile networks will
smultaneoudy set their terminaion charges to solve:

max; (T - ¢)@- 80 - § ., 5T,- &~ 6).

Thefirg order condition for the mobile carriers optimisation is given by

a- 5.0 - A, ST - 25T - cg- g+s¢' =0.
Solving these fird order conditions smultaneoudy for dl mobile cariers
gives the Nash eguilibrium termination charges.

The fird order conditions for the fixed and non-integrated mobile
cariers are mathemdicdly identicd to the case of no integration but direct
regulation of a dominant mobile carrier with t =¢ . Consequently, the results
with integration will be directly andogous to this dtuation. For example, if
there are n mobile carriers in totd and each non-integrated carrier has an equa
market share, then the termination price for the (n- 1) nonrintegrated cariers
will be given by

n-1
T = _A~F A~ Mo
i n(l—sF)(a C-C- &G

Given these termination charges the fixed-to-mobile price is given by:

1'SF M
—n_lcr)

P=4((@n- Da+cf +q- (25 - ) )
Smilaly, if there ae only two mobile cariers, one integraied and one not
integrated,  then T, =1(a-cf-c,+c), P=1(3a+cy)>P" ad
Q=5 (a- Crm).
From DP above witht =c}", integretion together with entry by one
extra non-integrated mobile carrier leeds to no change in the price of fixedto-
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mobile cdls. Or, in other words, integration of one mobile carier with the
fixed carier is equivdent to ‘losng’ one mobile carrier in terms of the effect
on price. For example, if there are only two carriers, me of which is integrated
with the fixed carier, then the price of fixedto-mobile cdls in equilibrium is
the same as the ‘double margindisation’ price with only one non-integrated
catrier. In this case the nonrintegrated mobile carrier’s profits are equd to

=(a- ¢y, )* — the same as if it were the only mobile carrier. The integrated

carrier makes profits --(a- ¢y, )*. These are the same as if it did not own a
mobile carrier and there was only one non-integraied mohile carrier.

The fact thet integration with a mobile carier generates no additiona
profits for the fixed carrier, but raises the price of fixedto-mobile cdls and
increeses the profits of the non-integrated mobile carriers, suggests that the
fixed carier might have no incentive to integrate. Or, if it is initidly
integrated, then the fixed carier might have incentives to separate from its
mobile carrier, paticularly in the longer teem when market shares of mohbile
cariers have ‘sdtled down.” To confirm this, note that if there are n

symmetric non-integrated mobile carriers, then the fixed carier makes profit

of P.=gl-(a C.y)> While each mobile carier makes profit of

Py :m(a- Cy )’ In contrad, if the fixed carier is integrated with one

of the n mobile cariers, then the integrated carier makes totd profits

P, =8b1nz(a- c.,)>. If the fixed carier begins with verticd integration into
the mobile market, then the fixed carier will prefer to retain that Sructure
only if they make more totd profits through integration then through divesting
their mobile carier. Note that if they divest ther mobile carier, then in a
competitive market for corporate control, the price that they receive for the
mobile carier (above the cost of the carrier’s assats) will equa the profits of
the separate mobile carier. So the integrated firm will prefer to remain
integrated only if P, 3 P +P,,. Smilaly, if the fixed carier currently does
not own a mobile carier, then it will only want to buy such a carier if this
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rases its profits. In a competitive market for corporae control, the price of a
nortintegrated mobile carier (above the cost of the carier’'s assets) will be
equa to the profit of a nonintegraied carier. So the fixed carier will only
seek to buy a mohile carrier if the profits of the integrated carrier, less the cost
of the mobile carier, is greater than the profit of a stand-adone fixed carier;
P,-Py3P¢. These two inequdities are cearly identicd. Smplifying, it is

only profiteble to be an integrated carrier if 1:(a- ¢,)*3 2= (a- ¢y, )’

8b(n+1)?

or 2n’-2n-1£0. Solving this quadratic equation means that there is only an
incentive to integrate if N £1.37 .

To interpret this reault, if adl mobile cariers ae symmetric, then
integration will only be a sable long-run outcome if there is only one mohile
carier. The logic behind this is dear. Integration with one mobile carier
avoids double margindistion and raises tota profits. But for two or more
mobile cariers, it is beter not to integrate. In this case, the non-integrated
mobile carier sHzes dl the bendfits of integration, and integraiion actudly
makes the fixed carrier worse off.

There are two cdear cavedats to this result. Frd, if owning the fixed
carier makes it easer to gan mobile customers and increase market share
then integraion is more likdy to be dedrable This could occur through
reputetion or marketing. Secondly, if market shares are not symmetric then
integration with the largest of the mobile cariers may be dedrable even
though there are two or more mobile carriers. This effect will tend to decrease
as the number of mobile carriers rises and market shares become more equal

over time.

45 Regulation Under Integration

We now revist our regulatory options for the case where one mobile
network is integrated with the fixed network. As will be demondrated, the
conclusons reeched are essentidly the same as the non-integrated case.
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45.1 Bargaining between the integrated and the mobile carriers
As in the case without integration, if bargaining is efficient then dl
extend <Soillover effects between the integrated and the separate mobile
cariers will be interndised. The efficient barganing outcome will lead to
monopoly pricing with margind termination charges for al mobile carriers st
a margind cod. Profits will be divided between cariers usng nontlinear
pricing.
45.2 Direct mobile charging
With integration and direct mobile charging, the integrated carrier sets
both the originating charge for fixed to mobile cdls O and the terminating

charge for its own mobile carier T_. The other separated mobile carriers just

set their termination fees, T, . Thefixed carrier will solve:

maxo,TF %(a' O- SFTF - é. ilps-ri)(o-‘-SFTF - CcF> -Cy- SCrM)
Thefirgt order conditions for profit maximisation are given by

(0):a-20- 25T, - &, ST+¢ +G +5.¢' =0

(T:): s (@- 20- 28T - § .. ST+ +¢ +5¢')=0
Notice that these two first order conditions are identical. Given its share of the
mobile market, the integrated carrier Smply sets O+ s. T, to maximise profits.
The separated mobile carriers will set their termination charges to maximise

max(a- O- § sT)(ST - sG')
The firgt order condition for profit maximisation is
a-0-25T - § ST +s¢ =0.

We can use thee fird order conditions to cdculate the eguilibrium
under direct mobile charging. For example, if there are only two mobile
cariers, one of which is integrated with the fixed carier then the expected

total priceis P =1(2a+c,). Note tha this is the same expected tota price as
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with direct mobile charging with one nortrintegrated mobile carrier. Similarly,
suppose that the n mobile cariers, incduding the integrated mobile carier,
have equad market shares. Then from the first order conditions, we can solve
for the expected totd price of fixedto-mobile cdls & P=-l(na+cgy)-.
Agan note that this is identica to the expected totd price under direct mobile
charging with n- 1 mobile cariers and no integration. In other words, the

only effect of integration on mobile direct charging is to effectivdly ‘remove
one mobile carrier from the market.

453 Carrier identification

If the carier was identified, then the Stuation is identicd to the case
without integration, except that the integrated firm will dways set the
integrated monopoly price for its fixed-to-mobile cdls regardless of the degree
of subditution between mobile cariers. Again, as subditution increeses, the
price of dl fixed to mobile cdls will dedine until it reaches the integrated

monopoly price under perfect subditution.

45.4 Direct setting of termination charges

If al cariers except the integrated carier have their termingion
charges st equa to t, then the price of fixedto-mobile cdls will equd
P=1(a+c) +c +s.¢ +(1- s.)t). There is dearly no point in setting the
integrated carriers termination charge as this is merdy an internd trandfer for
the firm.

This dtuation is again identicd to the case without integration except
that the regulaied termingtion price t now has less effect on the price of
fixed-to-mobile cdls
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5 Mobile Network Competition

The previous andyss has made a criticad assumption: that the market
shares of the mobile networks were fixed and did not change as termination
charges, fixed to mobile and mobile to mobile prices changed. This
assumption would be reasonable in environments where mobile networks were
not in srong competition with one another. For example, the networks may
cover different geographic aress or may operate with distinct technologies that
aopeded to different customer groups. In redity, however, mobile networks —
a do many tdecommunication networks — compete with one another for
market share. This competition is criticdly influenced by the cogs and qudlity
of ther sarvice and to the extent that these are influenced by termination
chargesthey are of relevance to the present study.

Given this it is gopropricte to devdop a modd of mobile network
competition in order to undersand the determinants of the market shares of
competing networks. We envisage negotiations or regulation of termination
charges as occurring prior to the competition between mobile networks for
customers. Consequently, we will take those charges as given as the modd is
developed. We will then be in a podtion to consder the impact of negotiated

outcomes and dternative regulatory rules.

5.1 The Players

Our darting point is as in the previous sections. We suppose that there
are two mobile networks, A and B, and a sngle fixed line network, F. The
fixed network has a set of customers of measure n while the mobile networks
compete for a customer set of measure 1. One can, therefore, interpret n as the
measure of relative sze of the fixed customer base to the mobile base. We
aume that thee oveadl shaes ae fixed: in efect, fixed and mobile

cusomeas ae diginct and the two forms of tdecommunication are not
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competitors. We will condder the implications of rdaxing this assumption
towards the end of this section.

5.2 Technological Assumptions

We maintain our notetion from the previous section but add some new
definitions. In particular,

¢! isthe margina cogt of termination on the fixed network
cy isthemargina cogt of origination on ether mobile network

c, is the magind trunk cost incurred by fixed and mobile networks
either to each other

f isthe cogt of connecting a consumer to a mobile network

Thus, mohile and fixed networks can potentidly have different cost structures.

5.3 Customer Preferences

We suppose tha the two mobile networks — A aadd B — <l a
differentiated but subditutable product. We modd this by assuming tha eech

network is located & either end of a line of length 1 with A located & 0 and B
located a 1. Consumers are located uniformly over the line. Given income v,
outgoing cdls g and incoming cdls z, a consumer located a x and joining
network i has utility:

y+V, - t|x- x|+u(q,2)
where v, represents a consumer’s intrindc value of having a mobile phone

and t|x- x| denotes the cost of being to a network with ‘address X (i = A,

B).4

14 Thisis essentialy the model structure of Laffont, Rey and Tirole (1998a, 1998b).
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It is interesting to condder in more detal the potentid interaction
between incoming and outgoing cdls in a consume’s utility function. It is
possble that a consumer may redise no utility from incoming cdls z This
could be because they do not like incoming cdls and switch ther phones of f
or they do not place vaue on being contactable by that method. Nonetheless,
other consumers may place vaue on cdling a paticular consumer. The point,
however, is that when a consumer is indifferent as to the vaue of z, the price
of thiswill not be afactor in determining their network choice.

An dternative Stuation is where the consumer cares about how many
cdls they may receive but not specificdly about the price of these cdls
Findly, some consumers may redise tha if there is a price diffaentid
between incoming and outgoing cdls, then it pays to meke the cdler the
person with facing the lowest price. In this case, if such a consumer is caled
by someone on a fixed line and the price of fixed to mobile is greater than the
reverse, then tha consumer will cdl them back to minimise ther joint caling
cost.

Initidly we begin with the case of cdler indifference and leave it to
later in this section to explore the implications of consumer preferences for

incoming cdls

5.4 Pricing and the Determination of Market Shares

We ae now in a podtion to consder the determinants of consumer
choice between mobile carriers. Let v(p) be the indirect utility function of a
consumer who faces an outgoing cdl price of p (per cdl or cdl-minute) (i.e,
v(p) ° max,u(q)- pq). We interpret this, as do Laffont, Rey and Tirole
(1998b), as the utility generated from cdling a paticula person. Implicitly,
this means that consumers do not refrain from caling people when the price of
doing S0 rises but mady that they cal them for less often or for smaler
periods of time. Badicaly, oursis a per period expected utility caculaion.
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We will assume that mobile consumers can be offered non-linear
prices, i.e., atwepat tariff. That is,
Wi(q,0,0:) =F+pG +p;d; +PrGe
where:
Fi isthe fixed fee or subscriber charge;

pi isthe per cal charge from network i;

g; isthe quantity of calsto network i;

pijisthe per cal charge from network i to network j

Tj; isthe termination charge from network i to network

qgij is the quantity of cdls from network i to network j divided by i's
market share

piristhe per cal charge from network i to network F
Tiristhe termination charge from network i to network F

gir is the quantity of cdls from network i to network F divided by i's
market share.

pri, Tri and gr are the reverse charges and flows for the last three variables,
respectively. Vaue for a consumer subscribing to networks A and B are

therefore:
V, = (av(p,) +(L- a)V(Pag))+ 5V(Pa ) - Fa

Vp =4 (av(pgy) +(1- a)v(pg)) +75V(Pee) - Fy
where a is the market share (among mobile consumers) of network A. Notice
that this specificaion implicitly includes our assumption that consumers
choose ther cdling patterns among networks randomly; save for differing call
prices.
The market share of network A, a, is dele'mined by the point of
indifference between A and B. That is,
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V,- a=Vy-tl-a)
Pa=2+s(Va-Vg)
where s =1/(2t) is the degree of subdtitutability between the two mobile
networks.
Note that in bidding for customers, each network will find it optimd to
st eech cdl charge equd to its margind cost. Focusng on network A, these

usge prices ae Pa=CtCy +Cr, Pae =G +C +Tgs, and
Par =C +Cy +Te,. This is @ common outcome when firms can set muti-part

tariffs. Badcdly, it is in a nework’s interest to set non-digortionary tariffs.
When price is s#t equa to margind codt, the sum of consumer surplus and that
network’s per cusomer profits is maximised. If this were the only component
of pricing, the nework may not recover any fixed cods, eg., cusomer
connection costs. However, the fixed charge, Fa, can be utilised to divide tota
value created (that is, utility less cogts). 1

Given that usage charges are set equd to a network’s margind o4 for
various services, the market share of network A becomes:

1+s (LW+F, - F
a= 2 (n+1 B A) (51)
(1- LsL)

n+l

where

L =(2v(co +G +Cr) -V(C+ Gy +Tg)- V(CH Co + Tpg) ad
W=V(G +6y +Tga)- V(G +C+C ) +nv(C +¢g +T5) - nv(C + ¢ +Tg) -
Note that an interior equilibrium exigs if 1>-LslL ; tha is so long as
termination charges and the degree of subgtitution are not too high.
Looking a eguaion (5.1), we can see how the various termination
charges impact upon the market shares of the mobile networks — taking their

own chages as given. These compadive daics are summarised in the

following propogtion.

15 For adiscussion of this see King and Maddock (1996).
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Proposition 5.1. Assume that 1>-LsL and a1 (0,1). Taking Faand Fg as

n+l

given, a isincreasing in Tpg, and Trgand decreasing in Tga and Tea,

Intuitively, when the termination charges that A pays to other carriers fals and
those that B pays to other carriers rises, the rdative vaue that A provides to its
customers rises, as does its market share. With twopart tariffs, higher per unit
termination charges are passed through to customers, lowering ther utility. If
one network faces lower terminating costs on other networks this will enhance
their ability to attract customers to their network.

5.5 Equilibrium Mobile Charges

We now turn to condder each network’s choice of subscription charges
— Faand Fgand A and B, respectively. Each network will choose their charge
to maximise its profits taking the other network’s prices as given. In a Nash
equilibrium (if it exigts), each network will be saisfied with thelr choices and
find unilatera deviaionsunprofitable.

Given that usage charges are set equd to a network’s margind cost for
various services, network A’s profit is, therefore,

Pa=a(Fa- f)+a(le - ¢ )0 +oa (1-a) (T - &) G-
This profit is the sum of the network’s profits from its own customers, and
aso the revenue redised from its termination cals from the fixed and other
mobile networks respectively, as ther customers cdl its customers. A will
choose Fa to maximise these profits, yielding the first order condition:

Tps_, +ﬂ_a(FA - f (T - O )Oea+ (1- 28) 25 (T - ch)qBA) =0 (2
TFA Fa
where

fla _ S
TF, (1- LsL)

n+l

Raisng its charge increases the direct revenues A earns from its inframargind

cusomers. However, it adso drives away magina cusomers. This is cogly
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because not only does A loose its direct revenues but dso the termination
revenues it would otherwise receive from customers on other networks cdling
that customer. B faces the same trade-off in determining its pricing.

The important thing to note here is that the existence of termination
revenues makes networks tougher price competitors (especidly when they
have less than hdf of the customers). This is because, when networks discount
to gan a cusomer, they dso atract the cdls from other networks to that
cusomer. However, they interndise within their own network cals made by
that cusomer to their own cusomers and this causes a reduction in
termination revenues. Nonethdess, s0 long as ther market share is not too
high, this makes the margind customear more vaduable and hence, bidding for

that customer more intense.

Secondly, note thet
T, e T M 0
= 1- 2= L (T,.- ")gu £ 0
ﬂFAﬂTFA T[TFA g T“:A 1 G = a
4 e T M 0
= 1- 2= 1 (T,,- 230
ﬂFATITFB TH-FB g ﬂFA N+l (TAB Cr )qBA p

“p, _ T & , % my. O
- -2 %1 AB ~ BA ~
o T s 2qE, 71 & )%t

Ta n
ﬂFAﬂTBA(FA- f +m(TAF - CrM)QFA"'(l' Za)n_il AB~ CTM)qBA)EO

+

This means that an increase in Tra OF Taa Or a decrease in Trs Will make A a
tougher price competitor. As we will demondrate below, these forces mean
that mobile networks will be reuctant to raise termination charges and the
fixed network may be able to use discriminatory termination charges to dlow
one mohile network to achieve a dominant pogtion.

Findly, observe that:

p, fa e w70, O
=Gt (T - O )—=FA £ 0
T”:AT'TAF ﬂFA n lgqFA ( A Cr )ﬂTAF p
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This means that an increase in Tar will result in a decrease in mobile charges
whenever T is bedow the levd that maximises termination profits and will
increase those charges otherwise.

So long as s is low enough (i.e, networks are poor subditutes) and Tas

M

and Tea are cloe to c¢; (i.e, mobile interconnection profits are not too large),
then there exigs a unique (Nash) equilibrium. For this generd case the
equilibrium vadues of Fa and Fg ae complex and we lig them in Appendix A.
Here we take a closer look at the equilibrium market share of network A:

£+S W+%L +n((TAF - CrNI )qFA' (TBF - CTM)qFB)
2 3(1+ 1 SL ) +25 (Tpp + Ty, - 201 )

53

Notice that when T, =Ty and T, =T ad T,; =T, @ is equd to Y2

When T, >T,

sar @3 & the grester interconnect revenues A receives

improves its postion to compete on price. On the other hand, T, > T, results
in a <% as this rases the cogts of mobile to fixed cdls from A’s network and

hence, vdue afforded to its cusomers. As such, it is possble for the fixed

network to use discriminatory pricing of its termination charges to favour one
network.

5.6 Mobile-To-Mobile Termination Charges

We view termination charges as being set prior to competition for
mobile customers. This need not be taken literdly. It is a modelling technique
that captures an assumption tha charges to mobile consumers can be more
easly changed than termination charges negotiated between networks. Here
we look at the termination charges that would be set between A and B.

We begin by condgdering what hgppens when A and B set ther
termination charges independertly. While a precise solution is not posshle we
can demondrate the following:
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Proposition 5.2. Assume that fixed to mobile and mobile to fixed termination
charges and prices are the same for A and B. Then, in any symmetric Nash

equilibrium, T,; =T, > .

PROOF: Without loss in generdity, suppose that n = 0. Then A’s
profits (teking into account the interior equilibrium vaues of Fa and
Fg) are:

.2
:l+S (TAB' o )qBA' sL 6?_4. 25 W+1L 9 (54)
% & % [Tt T 207 oL sL) 5

Pa

where  now  W=v(g+c¥ +Tg)- v(c,+c +cY'). Teaing the
derivative of this with respect to Tag and sdting T,, =T, =c' , we
have - iv€c +cj +cy')>0 implying tha & this pont A (and
symmetricdly B) would increaseits profits by rasing Tas (Tea).
This outcome is &kin to the dandard double margindisation result that arises
when firms st prices for complementary services independently. What this
means is that prices are higher than they otherwise would be and profits and
consumer surplus are lower.

Consumer surplus is reduced because the price for mobile-to-mobile
cdls between networks is too high and hence, fewer cdls are made. This adso
rases the posshility thaa a symmeric eguilibrium may not exis. The
termination charges mean that the mobile network with a grester number of
subscribers will face lower average cal costs. If networks were close
subdtitutes this may lead to a cornered solution with al subscribers on a sngle
network. Here we have ruled out this posshility by our assumption that
networks are not close substitutes so that the equilibrium remains interior.

On the profit dde, in a symmetric equilibrium, under the assumptions
regarding fixed to mobile and mobile to fixed charges, A’sprofitsare:

1 mig *el +ep VA m)(G el +er) +2(v(g ey +¢)- w@rmcrd +d) (5.5
& 41+n)

Pa=
where, following Laffont, Rey and Tirole (1998h),
Tps =Toa =M(C, +Cy' +¢7') + ¢! and, by Shepherd's Lemma,

Oag = Oga =-VEA+m)(c +cY +")). Notice that these profits are maximised
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when m is low.16 For example, if termination charges equa the margind cost
of termindtion, i.e, m = 0O, profits equal 1/(4s) that is the same levd of profits
tha would aise in Hotdling competition with unit demands (see Tirole,
1988).

However, it is possble tha m < O could increase profits further. The
rationde is as folows when a mobile network is conddeing lowering its
subscription charge to dtract a cusomer, not only does it dtract a cusomer’s
cdl revenue but dso the terminaion revenue from others cdling that customer
from the rivd network. When m > 0, such termination revenue exceeds
termination costs and S0 induces a network to be more aggressve in pricing.
However, when m < O, cdl terminaion becomes a liability rather than a
benefit. Hence, an agreement on this softens price competition and raises
equilibrium firm profits dove 1/(4). For ingance, a commonly used rule —
bill and kegp — effectively sets m=-c;" /(g +cy +¢;'); making termingtion a
cost rather than a benefit.

What this implies is that if A and B were to negotiate a reciproca
interconnect charge, they would choose m < 0 as this maximised their joint
profit. This type of negotigled outcome, by diminaing the double
margindisation problem, would raise consumer surplus on mobile to mobile
cdls by lowering inte-network mobile prices. However, the negotiated
outcome is not a (condrained) socid optimum because consumers are bearing
the deadweght losses associated with low mobile to mobile rates in higher
subscription charges.

This result dands in contrast to other conclusons regarding the
potertial  anti-competitive effect of negotiated interconnect fees. Armstrong

16 As demonstrated by Laffont, Rey and Tirole (1998b, Proposition 5). Note that:

M M
ﬂpA - C*G +¢ (

m 4(1+n) m(c, +c; +c' )v&@+m)(c +c) +c'))- v&d+ m)(c, +c] +cTM))) <0.

Hence, increasing m reduces profits.
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(1998), Cater and Wright (1998) and Laffont, Rey and Tirole (19989) dl find
that interconnect charges will be negotiated to be above ¢} in order to soften
price competition among networks Indeed, it is possble to utilise the
interconnect fee to induce monopoly pricing and profit outcomes without
explicit (or tacit) colluson on prices to find consumers. Such anti-competitive
outcomes arise for two reasons. Firs, network competition does not take place
with two-pat tariffs. Ingead, in each of those papers, networks offer smple
usage charges to consumers. This means that a higher interconnect fee, by
rasng a rivd’s magind cod, oftens ther ability to compete on price. If such
fees ae negotigted, a monopoly-pricing outcome can be effectivey
negotiated. Second, networks do not price discriminate between on and off-
network cdls In our modd here price discriminaion is possble and
consumers can respond to any price differences. This makes it more difficult
to use the interconnect fee as a collusve device to raise intra-network call
prices, but it does make it posshle to use it to lower inte-network prices.
Combined with twopart tariff competition, a high interconnect fee becomes a
drain on profits as it merdy serves to intensfy price competition. In contradt,
if cusomers were ignorant regarding which mobile network they were caling
our price discrimingtion assumption could not be judified. With two-part
tariffs, equilibrium profits would be independent of the interconnect fee In
this respect, dthough when they st interconnect fees non-cooperatively, esch
would gill st termination charges aove margind cog, if the two networks
were to negotiate they would be indifferent between dl symmetric termination

chargesl’

17 See L affont, Rey and Tirole (1998a).
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5.7 Mobile-to-Fixed Prices

We can now turn to consder the termination charges that the fixed
network will set for cdls from mobiles to its network. Given our assumptions
regarding mdoile customer preferences, the fixed network’s profit with respect

toitsterminaion sarviceis

p|: =a (TFA - C['F)(_V(tcl +CTM +T|:A))+ (1_ a)(TFB - CI":)(_ V¢C1+ C1M +T|:B)) (56)
with a asin (5.3). Thefirst derivatives of thiswith respect to Traand Trs are:

%TTL ) ﬂﬂTZ (M- G)CVEG +E +T))r (e €6 WG+ +T,)

- a(Vqu"'C?A +Tea) + (Tea - CrF)‘/a(Cl"'CrM +TFA)) =0

:]T-?FFB :ﬂl_aFB(O—FA_ CrF)(' V‘(Q_+C¥' +TFA))' (TFB' CrF)(' VQ(Cl+C¥' +TFB)))

- (1-a) (Vq(cl"'d/I +Teg) + (Tes - Cr V&G, + 7' +TFB)) =0

Note that 2-£0 and -2 0. Once again, 0 long as s is not too high, and

networksare otherwise symmetric, T., =T, =T, where:

vee, +¢ +T.) + (T, - ¢ vlG +c' +T) =0
That is, Tr is the smple monopoly price and given the competition between
mobile networks (based on two-pat taiff) results in a monopoly pricing
outcome for mobile to fixed prices. Effectivdy, the fixed network is able to
leverage its monopoly pogition completely.

This assumes posted price setting. However, when a mobile network
and the fixed network negotiate over these charges the outcome will be the
same. This is because Tg is the price that maximises the joint profits between
the two networks, given that those negotiations cannot set the actua mobile to
fixed cdl price.

It is possble, however, that competition between mobile networks is
aufficiently intense that the fixed network prefers to favour a sngle network
and charge a higher price to the other mobile carrier. This could drive that
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market share of that carrier to zero and generate a mobile monopoly. The fixed
and mobile networks would then share in the joint monopoly outcome.
However, a complete andyss of this posshility is complex and beyond the
scope of the present paper.

In this environment, regulation of the fixed network’s terminaion
charges could enhance socid wdfare. This would leave the conditions of
mobile compstition unchanged but would reduce deadweght losses from
monopoaly pricing for mobile to fixed cdls

5.8 Fixed-to-Mobile Prices

As for the case of fixed market shares, the anadysis of fixedto-mohbile
prices and mobile network termination charges depends criticdly upon how
informed consumers are regarding the network they are cdling. If they cannot
diginguish between dternative networks they will base ther demand on a
weighted price and the outcome will be as if the fixed network charged the
same price for cdls to each mobile network. On the other hand, if they can
meke such diginctions, price discrimination is possble.

We continue to assume oconsumer ignorance. This means that

Ora =0 =Q, where this is the linear demand case from the fixed market
share modd.’® Recdl tha the price of fixed to mohile cdls, P, is a monopoly
pice, P=1(at+aT,. +(- a)T, +c{ +c[). Given the equilibrium market
shares, as defined by (5.3), the totd quantity fixed to mobile cdlsis

_3(1+ n)(a' Cg - Cf - LZ(TAF+TBF))_ ns (V(C1+ ¢A +TFA)' V(C1+C$A +TFB))(TAF - TBF)
Q= 12b(A+n)+nS (Tog - Tog )’

Thus, as expected, an increase in the mobile termination charge results in an
increese in P and a fdl in Q. What this means is tha if one network, say A,

18 |n the cdculations that follow we have implicitly assumed that the networks do not consider their
affect on Q when choosing subscription rates in stage 2. This makes the calculations smpler but we do
not believe that relaxing this assumption would alter the substance of the results below.
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increases its termination charge, this has a negative impact on the termination
revenues of the other network, as it lowers the quantity of cdls terminating on
their network without any change in their termination charge.

This negative externdity can be seen in the profit equation for network
A (tking into account the interior equilibrium in competition for mobile
customers):

_1nts (T-¢)au-st® o mQ(-T)+weit & (57)
4L+ n)s § 7 25 (Tye+Tou- 26 )G +AL+N- L)

Pa

It is clear that as Ter rises, pa fals. A chooses Tar to maximise these profits.
Thefirst order condition is:

Q _
Q+(TAF - TBF)T[T—_O

AF

Essentidly, the mobile networks act as rddive revenue maximisers on ther
termination charges. The intuition here is that own revenue is passed on to
find mobile cusomers through price competition unless termingtion revenue
exceeds that of the other mobile network. If it does the difference can be
gopropricted.  Consequently, mobile networks can  maximise profits by
enauring thet their termination revenues are high relative to the other network.

Condder a symmetric equilibrium where T, =Ty . It is easy to see
that in that eouiliboium Q = 0 o T, =Ty =a- ¢ - ¢ . Tha is mobile
termination charges are st 0 high that demand for fixed to mobile cdls
reaches its ‘choke point’ as defined by P = a. The unique Nash equilibrium is
this symmetric one if:

aTe|  _ 9Q/Mu - QT __ 1Q/TT, - /MMy _dT, |
dTBF Tar =Tae ZﬂQ/ ﬂTAF ZﬂQ/ T[TBF dTBF Tar =Tae
Q. 1Q
TI-I-BF ﬂTAF

whichistruefor Tga closeto Teg

The intuition here is smple A nework could improve its own
termination revenues by sdtting its termination charge bdow a- ¢ - ¢ .
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However, provided mobile networks are not close subgtitutes, this will confer
a greater increment to termination revenue on the riva network. This is
because that network enjoys the benefit of a pogtive number of fixed to
mobile cals but a greater markup for those units Consequently, while
termination revenue may increese, redive revenue and hence, overdl profits
fdls.

When the fixed network negotiates directly with the two mobile
networks over ther termination fees assuming that they cannot feesbly use
differentid pricing to drive one mobile network’'s market share to zero, will
choose termination charges T, =T, =c;' . From (5.7), observe that mobile
network profits do not depend on the levd of termingion charges only ther
rdative levd. Hence, if these ae idetticd, profits do not vay with
terminaion charges. Consequently, the termination charges will be chosen to
maximise the fixed network’s profit only.

5.9 Preferences for Incoming Calls

In the above cases, when mobile termination charges ae et
independently, they tend to be above magnd cos, ad in the case of
termination charges for fixed cdls they may be s&t 0 high as to ‘choke off
fixed to mobile demand. One possble reason for this may be our assumption
that mobile consumers do not care aout the quantity and hence, price of
incoming cdls from other networks. However, given our assumption of
consumer ignorance, consumer preferences for incoming cdls do not dter the
above andyss.

To see this, suppose that mobile consumers cared about the quantity of
cdls they receved from the fixed line network.® When evauating which
nework to choose they will, therefore, look & more than sSmply the

19 Also, suppose the consumers were not ‘large’ in the sense that they commanded monopsony power.
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subscription charge they face They will dso condder the fixed to mobile
price charged to consumers and the quantity of cdls received by the network.
However, under consumer ignorance, fixed to mobile prices do not differ
among networks. Therefore, regardless of which network they join, the
quantity of incoming cdls will be the same. It is only when consumers are
aware of the network they are cdling and the price of that network that
consumer preferences for incoming cdls will become sdient and impact upon

termination prices.

5.10 Vertical Integration

When a fixed and mobile nework ae veticdly integrated dl
termination charges between them ae effectivdly st a ther respective
margind termination costs. Suppose A ad F are integrated. Ther joint profits

become (assuming consumer ignorance regarding fixed to mobile cdls):

PatPe=a(Fa- f)+ira(l-a)(Te- ')+ PQ+(1-a)(Te- 6 )de: (B
while B's profits remain as before. The key issue then becomes how the
veticdly integrated network will ded with the nonrintegrated mobile
network. Verticd integration will enhance the incentives to foreclose on the
nortintegrated mobile network. However, we will continue to andyse an
environment in which that network is able to maintain a podtive market share.

Looking fird a mobile-tomobile termingtion charges, when those
charges are reciprocd (i.e, s0 that T,; =T,,) the same logic as the non
integrated case gpplies and the networks choose to set those charges a
margind termination cost. To see this it is easy to cdculae that, subdituting
in the equilibrium vdues of Fa, Fg and P, A-F's and B’s respective profits
become:

1,2 (M +a +@+mel)- viet o +¢))- mvkg +eg +(@1+m)c)
4s 4(1+n)

L@ 6-g-a)arg +q +a)
80

PatPe =
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1,2 (e ey +Erme)- MG+ ey +or))- mvlg +op +(1+m)cy)
T4 41+n)

Pe

where we have assumed that T, =¢f' and T, =cf ax mis as before. Each
of these increased by choodng a low m. So verticd integration does not appear
to present further issues for the determination of mobile-to-mohbile termination
charges and prices.

The andyss of fixed to mobile and mobile to fixed prices is more
complex. Badicdly, gregter profits from the termination of fixed cdls on B's
network make it a tougher price competitor. On the other hand, when A-F
looses a customer it suffers a reduction in profits as its must increese its fixed

to mobile price. Thus, an increase in Ty - ¢, makes both networks tougher

price competitors. On the other hand, when A-F raises its terminaion charge
for mobile cdls on the fixed network, this mekes B a wesker price competitor
because it reduces cusomer vaue relative to A where the price of mobile to
fixed cdls is lower. While an exact cdculdion is not possble, we can prove
the following.

Proposition 5.3. Suppose that T,, =T,, =c' . Thenwhen A-F post aprice Trs
and B posts a price Tgr, Ty >cY and T, >cf. However, when they
negotiate jointly to maximise p,+pg+pg, they choose T, <c! and
T >CF .

PROOF: Observe that,

| ancogoa
TITBF Tor =ct' Trp=cf 12b(1+n)
(S0 _ g o +g) o
TlTFB Tor =C7 Tra=CF 31 + n)
TPs* PatPe)| _ Gt
s 12b(1+n)

—~M —~F
Ter =Cr ,Trg =Cr
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1Ps+ Patpe) _ Vet ta)
Mes 1+n .

_ M1 _F
Ter =Cr ,Trg=CT

Intuitively, an increese in dther terminaion charge imposes a negdive effect
on a rivd nework’'s profits Hence, when those prices ae chosan
independently, that effect is not interndised and charges are rdaively high.
When they are chosen as pat of negotitions they are chosen to maximise
joint profits. As high levds of Tgr serve to strengthen price competition, this is
st bdow margind terminaion cost to weaken such competition. On the other
hand, postive termination profits received by the fixed network weskens price
competition. Hence, Tgs is chosen above margind termination cogt. In the end,
this results in a socidly inefficdent outcome as a >1 and both mohile to fixed

and fixed to mobile cal prices do not reflect margind cog.

5.11 Regulation

We ae now in a podtion to condder the implications of dternative
regulatory options in an environment where there is mobile network

competition.

5111 Bargaining between the fixed and mobile networks

We have dready examined the implications of bargaining between
fixed and mobile networks. When there is no integration, dl termination
charges ae st equad to the margind termination costs of the respective
networks. However, when there is some vertical integration, the negotiasted
outcome may involve fixed network termingtion charges above and mobile
network termination charges bdow margind termination cost. This is because
the networks are able to use the termination charges to influence the strength
of price competiion among the respective mobile networks. Specificdly,
negotiated outcomes will be agreed upon that often this comptition. This
leads to an agreement that the independent mobile network has higher ‘cogts
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than the integrated one. As a consequence, the integrated mobile network has
too large amarket share.

Nonetheless, overdl baganing reduces or diminaes double
margindisation issues and may lead to sbdtantid reductions in inter-network
cdl prices.

5.11.2 Carrier identification

When fixed line consumas can diginguish between the mobile
networks they are cdling and have knowledge of any price differentids, the
termination charges and fixed to mobile cal prices are the same as the fixed
maket share case. In this case, there is no direct externdity from changing
termination charges. Ingtead, mobile networks have an incentive to maximise
ther profits from their termination service as this lowers their effective costs

from attracting another mobile customer.

l+n+s (TAB-C"}A)qBA_ sL §+25 n((TAF - CrM)qFA' (TBF - CFM)qFB)+W+%L.:92 (59)
A(1+n)s g 25 (Tag +Ton- 2¢}' ) Gaa +3(1+0- sL) 3

Pa=

As can easily be seen from the above equaion, profits dill depend on reaive
profits from ther termingion sarvices but a given mobile network's
termination charge only influencesits own termination revenues.

When one mobile network is integraied with the fixed network, the
termination charge st by the nonrintegraied network will 4ill choose its
termination charge to maximise its termination profits However, fixed to
mobile cal prices on the integrated carrier will be reduced as they diminae
the double margindisation problem. A smilar outcome could be achieved if
mobile and fixed networks negotiate with one ancther.

5113 Direct setting of termination charges

The issues regarding the direct setting of termindion charges ae
essentidly the same as the fixed mobile market shares case. By setting lower
termination charges, inter-network cal prices will fdl. Here, however, the
setting of such charges will impact upon mobile subscription charges.
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In particular, any reduction in termination charges that reduces revenue
from termination services will increase mobile subscription charges. In our
modd, this will be wefare improving as the totd number of mobile cusomers
is fixed. If this were not the case, then an increase in mobile subscription
charges may reduce totd mobile phone adoption by consumers. The wdfare
implications of such interactions are complex and it is unclear what the precise
welfare effects would be.

Nonetheless, what this suggedts is tha the regulator has to be more
imaginaive in deermining a pricing methodology. For example, by seting
termination charges equd to zero, fixed to mobile prices would fal. To offsat
the potentid increase in subscription raies to mobile usrs, the termination
charge could be subdituted for a flat fee paid be the fixed network to the
mohbile network. What this fee would be designed to do would be to mimic the
outcome that would result if termination revenues were high. That is if a
mobile network ettracted a customer, this should be rewarded. While if a
mobile network were to lose a cusomer this could be punished. Mohile
networks would then only receive a fixed fee if they had a net gan in
subscribers. Moreover, this fee would relate to hdf the expected termination
profits that the network would receive fran those customers. Such a scheme
would dlow fixed to mobile prices to day low (as it would not influence the
margind cogt faced by the fixed network) but would dlow for competition
among mobile networksto be intensified.
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6  Fixed Network Competition

Some of the compditive difficulties tha aise from the seting of
termination charges arise from the monopoly postion of the fixed network. If
this were more competitive some of the interactions may change.

When sdting the price of fixed to mobile cdls, the fixed network sets a
monopoly price — whether consumers can  effectivdly observe price
differentidds or not. If there were competition in the setting of this price, it
would be st closer to magind cost (and perhgps equa to margind cost if
nortlinear pricing was possble). However, this margind cost Hill includes the
termingtion charge as set by the mobile networks and they are 4ill driven to an
equilibrium outcome that reduces the quantity of fixed to mobile cdls to zero.
It is only where consumers are not ignorant of the mobile network they are
cdling that the prices of fixed to mobile cdls may actudly fdl as a result of
fixed network competition.

Above, in the dosence of fixed network competition, we found thet the
price of mobile to fixed cdls would equad margind cost and termination
charges would be st to induce monopoly pricing on this service. This will il
be the case if mobile consumers can distinguish between the fixed networks
they ae cdling However, if those consumers ae ignorant of these
differences, then the same equilibrium forces that arose for fixed to mobile
cdls will drive traffic to zero. In this respect, fixed network competition may
ultimatdly induce higher, not lower, prices for mobile to fixed cdls Once
again, however, a negotiagted outcome is likdy to induce more competitive
pricing.

Findly, suppose that two integrated fixed-mobile networks competed
agang one another. Then, in many respects, the setting of termination charges

between them would result in the same outcomes as andysed in the literature
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on nework compdition.® Specificdly, termination charges could be used to
raise prices by softening competition for subscribers.

20 See Armstrong (1998), Laffont, Rey and Tirole (1998a, 1998b) and Carter and Wright (1999).
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7  Future Directions

This paper has andysed the determinants of termination charges for
cdls to mobile networks. Because of the number of prices involved and the
potentid complexity of drategic interactions we have kept the assumptions
rdativdy minimd and symmeric. In paticua, we have assumed
condderable knowledge of consumer demaend, smple horizontd  product
differentiation, and equivdent mobile network technologies. Nonetheess, we
believe that such assumptions are not redrictive and rdaxing them would not
ater our key results.

That said, there are issues that were raised by our research that are ill
unresolved. Firg, efficient termination pricing is posshle and can be fadlitate
by nonlinear pricing such as twopat taiffs While we know that usage
charges in such pricing schemes should reflet margind codts the issue of
fixed charges is more difficult. Current research suggests that these should be
gructured to induce optima invesment incentives?! However, the andyss
here was essentidly dtatic and, as such, not able to address such issues.

Indeed, introducing dynamic andyss into the modd would dlow other
issues to be addressed. In particular, we have assumed that mobile users and
fixed line usars ae independent. This neglects the important issue of the
adoption of mobile sarvices by consumers and ther interaction  with
consumers who dso consume fixed line sarvices It dso neglects the role for
new wireless technologies and their impact on mobile competition.

Fndly, and rdated to this our modd did not consder entry and its
effects. In particular, we did not condder explicitly the role of termingion

21 See Gans and Williams (19993, 1999b) and Gans (1999) for a discusson of regulated pricing and
investment incentives.
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charging in dtering the incentives of entrants. This too remains a fruitful area
for future research.

In condluding, it should be noted tha our andyss here is not a dl
goecific to mobile network issues. Indeed, to the extent that consumers have
difficulty diginguishing among competing cariers (a problem execerbated by
the dteady introduction of loca number portability), then these condderations
would gpply to interactions between many tdecommunicaions networks
induding fixed line networks and data communication services. Thus, we
expect that the results on terminaion presented here would dso gpply to many
other inter-network regulatory Stuaions in tdecommunications.
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8  Appendix

Here we Ig the equilibrium vaues of Fa and Fg that aise in sage 2;
given termination charges set in stage 1.

Fa=
f+
13+6N+3n?-4ns?c? HopgQra+ Oealrel - 4 NS Qea Tar - 4 N°s Qra Tae + 2SO Teat+
2nsgueTea-4ns? g ara TaeTea- 2N s Qs Tee- 2n2sqpsTe - 125V @C, + Co+CD -
12nsv@ci+co+ctD+8n SZQFATAFV@Cl +Cco+CTD —4quABTBAv@cl +Cco+CTD+
4n quFBTB:V@Cl +Cot+ CyD +1252V@C1 +Cot CTD2+ 5sVv@cy+Co+ TagD+
5n sv@cy +Co+ TAED—4nSZQFATAFV@C1 +Cot TABD+252<JA3TEAV@01 +Co+TmD -
2n s?qrTE VE@c: +Co+ Tasd - 10 s2 v@C1 + Co+ CTD V@C1 + Co+ Tasd +2 s2v@ct + Co+ Tad? +
7sV@cy+Cot TpaD +7 N SV@Cy+Co+ TmD-4n s? Ora Tar V@Cy + Co+ TpaD +
2520 Teav@c1 + Co+ TeaD - 2N s? grs TE V@C1 + Co+ TeaD - 14 s? v@C1 + Co+ CTD V@C1 +Co+ TeaD +
652V @Cq + Cot+ TagDV@Cy + Co+ TpD+ 452V @cy +Cot+ TpaD? + 2N sV@Cy +Cot+ TpaD +
2n25v@C1+ CO+TFAD—4nSZV@C1+CO+CTDV@C1+CO+ TFaD +
2n s2v@cy + Co+ T gD V@C, + Cot TeaD+ 2N s2v@C, +Co+ TpaDV@C; + Cot+ TraD -
2nsv@cy +co+ TrdD - 2nzsv@cl+ cot+ TFED+4nszv@cl +Co+CcTDVv@cy+ co+ TreD -
2n s?v@cy+co+TmDVvac+ co+ TraD- 2ns?v@c+Cco+ TeDV@cCy + Co+ TreD +
2s0paTasHLl+N -2n sqQpeTege-2sV@Cy + Co+ CTD+2SV@Cy + Co+ TpaAD+2NSV@Cy + Co+ TEaD -
2nsv@cy+co+ TrDL +
2sct
HgasH-1-n+2nsqraHTar +Ted +2SV@C1+ Co+CTD - sSV@C1+ Co+TaD -sV@C1 + Co+ TeDL+
NH2gra+gmLHL+N-2sVv@cy +Co+CTD+sV@1+Co+ TasD+SV@C1+ Co+TraDL +
geaH-1-n+2n sqepHTpg+ Terl +2SV@C, +Co+ CTD-2SV@Cy +Co+ TraD -
2nsv@ci+co+ TrAD+2 N sv@ci+ co+TmDLLME
H2H1+nLsH3+3n-2scTHgme+geal+2sqeaTm+2sgaTea-6sv@cL+Co+CTD+
3sv@cy+Ccot TagD+3sVv@c; +Co+ TpaDLL
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