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1 Introduction

Compared to other areas of telecommunications, mobile networks are in ther
infancy and, to dae there has been rdativdy little andyds of mobile network
pricing. Recently, however, both UK and Audrdian competition authorities have
become interested in the prices that mobile networks charge to other networks — in
particular, fixed line networks that have an established customer base and coverage.

In December 1998, the UK Monopolies and Mergers Commisson and the
telecommunications regulator, OFTEL, released a report into the prices that the two
largest mobile networks, Cdlnet and Vodafone, charge for termination of fixed line
cdls made to their networks. They concluded that there was “currently insufficient
competitive condraint on termination charges’ (p.3) and recommended that those
charges be regulated on the basis of cost. The Audrdian Compstition and Consumer
Commisson (ACCC) is currently arbitrating severa disputes between fixed line and
mobile networks involving mobile termination charges This follows the ‘dedaration’
of GSM network terminating services by the ACCC. Declaration compes GSM
networks to negotiate interconnection arangements with other cariers, where the
ACCC is the default abitrator of any disputes! The ACCC has dso expressed
concern that competition between mobile networks may not lead to efficient fixedto-
mobile termination charges (ACCC,19909).

Recent research, such as Armgtrong (1998), Laffont, Rey and Tirole (19984,
1998b) and Cater and Wright (1999), has focussed on interconnection charges
between competing telecommunications networks. But there has been little research
into the setting of termination charges between networks based on different modes of
telecommunications. With fixedto-mobile pricing, the termingtion charges tha ae
st independently by competing mobile networks influence the prices set by a non-
competing network; the fixed line carier. As termination charges influence the vaue
to a mobile network of dtracting a cusomer, they play an important role in mohbile
competition. As we show, however, this competition may adversdy affect fixed-line

customers.

1 King and Maddock (1999) analyse the Australian declaration and arbitration access regime.



The competitive effects of mobile termination charges are influenced by what
we cal customer ignorance. By convention, in many countries (an exception is the
US for cdls to mobiles) the cdler pays for meking a cal. However, fixed-line
cusomers often cannot identify the specific mobile network thet they are cdling.
They might wish to cdl a cetan person or dass of people who have mobile phone
numbers, but they will often not be adle to determine which mobile carier is
asociaed with each person or number. Even if fixed line neworks teke differentids
in mobile network termination charges into account when setting fixedto-mobile
prices, the inability of fixedline cusomers to identify mobile networks and,
consequently, any price differentids in cdls to them, means tha fixed line cusomers
ae likdy to baese thar fixed-to-mobile cdling patterns on average prices.
Alterndively, the fixed line carier will st its price for fixedto-mobile cdls on the
basis of average terminaion charges? These averages depend on the observed market
shaes of mobile networks. As a rexult, an increese in one mobile network’s
termination charges rases the average price of fixed-to-mobile cdls and lowers
demand for all of thee cdls. Thee is a horizontd extendity impossd on the
termination revenues of other mobile networks as wel as a veticd externdity
imposed on the fixed line networks3 In this paper we find that both of these
externdlities are potentia sources of inefficient pricing.

Number portability exacerbates customer ignorance. Even where a prefix may
initidly provide some information about the network beng cdled, with mobile
number portebility those differences will diminish over time, meking mobile networks
inditinguishable to fixedline customers.

To see the effect of cusomer ignorance in more detal, suppose that the
opposte is true and the A-paty customer cdling fixedto-mobile both knows the
identity of the terminating carrier and the price of the cdl. In some circumstances, a
mobile network will retain some market power. If the A-party has to contact a specific
person then they will gill meke 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 cal them

2 |n 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 caling or of price differentials in carrier-specific
cal prices; see MMC (1998, pp.31-33).

3 The verticd externality, which may lead to ‘double marginalisation’, has been thoroughly discussed in the
literature. For example, see Perry (1989). The novel issue focused on in this paper is the horizontal externality
created by customer ignorance.



back. In other dtuations, the mobile carrier will have litle market power. If the A-
paty does not need to cdl a specific person, but rather can choose any individud
from a group of people then they will choose the individud who is chegpest to
contect. For example, if the A-paty needs to cdl 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 cdl charges. This in turn, will make the plumber
indirectly face the termination costs — if they join 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 subscribers and competition
will tend to moderate termination charges.

In contrast, suppose tha the person meking the fixedto-mobile cdl is only
able to guess a the identity of the terminating network. In particular, suppose tha the
A-paty only knows the market shares of mobile cariers and can only edtimate the
average termination charge. Then each mobile network does not bear the full
competitive consequences from raigng their termination charges and, as a result, will
have condderable discretion to rase these charges When one nework raises its
termination charges, this raises the average price tha the A-party pays. But the A-
paty only knows this average and because they cannot distinguish between mobile
networks, they will make their cdling decisons on the basis of the average price, not
the nework specific chages This in turn, bresks the indirect link between
termination charges and call frequency to a specific mobile customer.

Take the plumber example presented above. If the A-paty cannot distinguish
the identity of the terminating network before they make their cdl, then this identity is
irrdevant to the decison about which plumber to cal. The person may cdl a plumber
on a nework with high or low termination charges, but they are only likdy to know
this when they receive a hill. By then, it is too lae for the A-party to change ther
cdling decison. The plumber on a network that has high termingtion charges is no
longer pendised through fewer cdls for these charges, and 0 does not even indirectly
bear these charges. In fat, 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.

High mobile termination charges will adversdy affect fixed-line cariers
profits. This may increase the incentive for verticd integration. By integrating with a



mobile network, the fixedline network can potentidly interndise the verticd
externdity.

High mobile termingtion charges will dso rase regulatory concens In
paticular, should the authorities respond by regulating mobile termination charges or
ae there dructurd changes or adminidrative rules that can moderate regulatory
concerrs?

In this paper we present a model of customer ignorance and show how this
dfects mobile termination and cdl pricing when there are multiple mobile networks
but a sngle fixed-line carier. Our modd is developed in two Sages Fird, in section
2, we condder a Stuation where the mobile networks are not close subgtitutes and
ther market shares are effectively fixed. This dlows us to consder the horizontd and
veticd effects of termingtion charging without congdering ther impact on subscriber
competition between mobile networks. In section 3 we then examine what happens
when two mobile networks compete againgt one another. We modd this by assuming
that termination charges ae st prior to competition for cusomers by mobile
networks. This extenson to our modd dlows us to andyse the rdationship between
mobile termination charges and subscriber charges.

Our badc pricing results follow directly from the horizontd and verticd
externdities noted above. Unregulated mobile termination charges will be higher than
the monopoly pricing of such services An increase in termination charges by one
mobile network raises the average price for fixedto-mobile cdls and reduces both the
fixed carier’'s profits and, due to customer ignorance, the profits received by other
mobile cariers. As a result, each mobile network has an incentive to overprice
termination from both a socid and an indudry perspective. Indeed, the smdler (in
teems of network share) a mobile network, the less likdy is it to interndise the
demand-reducing effects of an increese in its temindion chage So the less
concentrated the mobile network market, the higher will be the level of fixed to
mobile cal charges.

The overpricing of termination is exacerbated by compstition between mobile
networks for subscribers. By having a higher termination charge, a mobile network
effectively receives gregter benefits from dtracting an additiond subscriber and,
hence, can afford to offer more atractive subscription terms to that customer. In
essence, termindtion revenues ‘cross subsidise subscriptions. In the extreme, mobile

network competition could result in termination charges that ‘choke-off fixed to



mobile demand entirdy. That is, in equilibrium, mobile termination charges may be
so high that the fixed carrier is unable to profitably offer fixed to mobile service?

The fixed carier might try and moderate high termination charges by
integrating with one of the mobile cariers. If mobile cariers compete for the same
group of customers, then integration, together with a refusd to ded with any non-
integrated mobile network, can result in a fixed and mobile monopoly. This would
interndise  the horizontd and veaticd extandities but destroy aty  mobile
competition. Alternaiively, if mobile cariers effectivdly supply different groups of
subscribers, then integration is of little benefit. Integration between the fixed carier
and one mobile carrier will reduce the average effective termination charge, as the
integrated firm sets its implicit termination charge equa to margind cost. But other
non-integrated carriers will respond by rasng ther termination charges We show
that, as a result, the integraled carier receves lower profits than if it was veticaly
separated and integration is not advantageous to the relevant networks.

Regulation might be used to moderate the competitive concerns about mobile
termination charges. There are a variety of dternatives® For example, termination
charges could be directly regulated. This is likdy to result in lower termination
charges, lower fixedto-mobile prices and a grester intengty of fixedto-mobile cdls.
But reducing termination charges will dso affect the price of other mobile services,
such as mobile subscriber charges. Naively, we mght expect lower termination
charges to result in less subscriber competition and higher subscriber charges. We
show however tha this is incorrect in the context of our modd. Lower regulated
termination fees can lead to higher terminaion revenues for the mobile carriers. These
revenues then generate grester competition for mobile subscribers and lower charges
to join a mobile network. Regulation can benefit both the fixeddine and the mobile

customers.

4 Note that overpricing of termination will occur even if mobile subscribers prefer more incoming calsaswel as
outgoing calls. So long as consumers on the fixed network cannot distinguish between dternative mobile networks
when making cdls, their demand will be based on an average price. If one mobile network reduces its termination
charges then it may reduce the average price of fixed-to-mobile calls and increase the total number and duration of
these calls, but it will not increase the relaive number of calls its subscribers receive. As such, mobile networks
have little ability to use differences in termination charges to attract consumers to their network. While a consumer
preference for incoming calls may increase the attractiveness of subscribing to some mobile phone network, so
long as there is customer ignorance, this will not exert significant competitive pressure on termination charges.

5 One option that we have not addressed is to provide mobile consumers with a ‘receiver pays option for fixed to
mobile cals, 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).



Rather than regulate dl terminatiion charges, authorities might only regulate
termination for those mobile carriers with the grestet market share. However, as
noted above for integration, sdective reduction in some cariers termination charges
will result in an increase in other carriers: termination charges.®

We dso condder other, more dructurd, regulatory procedures. For example,
authorities may try to reduce customer ignorance by requiring mobile cariers to
‘identify’ themsdves before cdl charging commences. We find that if consumers can
disginguish between networks then termination charges are reduced, dthough they
may dgill result in fixed-to-mobile cdl prices aove monopaly levds due to double
margindisation.

One source of market power for mobile carriers is that termination charges are
likdy to be more difficult to change than the actud price of fixedto-mobile cdls and
are embedded in these cdl prices For example, changing termination charges may
involve condderdble inter-carrier negotiation whereas an  unregulated fixed carrier
will often be able to dter the price of fixedto-mobile cdls as it dedres. This rdative
inflexibility alows the mobile cariers to act as price leaders in the setting of fixedto-
mobile charges A regulatory authority might improve competition by separding
termination charges This could be done, say, by separding a fixed line bill into two
components — a terminding charge and a trunk-originaing charge. In return for a
regulated billing fee the fixed line carier would ill do the actud billing and the
cdler would 4ill pay for the cdls We show that this smple regulaory option would
moderate the verticad externdity between mobile and fixed carriers, resulting in lower
fixedtto-mobile cal prices’

Oveadl, our andyss shows tha mobile termination charges are unlikdy to
reflect termination costs and will tend to increase, rather than decrease, with mobile
network compstition. Regulation can moderate this problem, but authorities need to
be aware that changes to termination charges may aso effect mobile subscriber fees.
Some armslength regulatory procedures, such as carier identification and direct
mobile charging, can be used to reduce termination charges. However, reduction of

6 Gans and King (1999) consider the regulation of termination charges for ‘non-dominant’ mobile networks in
detail.

7 Augtrdlia is currently pursuing the option of alowing fixed-line customers to pre-select the firm that will bill
them for fixedto-mobile cals. The pre-sdected firm will negotiate directly with the fixed and mobile carriers
regarding the origination, trunk and termination charges for fixedto-mobile cadls. If there is strong competition



mobile termination charges to reflect termination codts is likdy to require direct price

intervention.

2  Exogenous Mobile Network Market Shares

We begin by andysing fixed to mobile cadl charges when mobile networks
market shares are exogenous. This gmplifies the drategic interactions between
networks and allows s to focus on the key determinants of termination charges. The
exogenous market share case is mogt gpplicable to Stuaions where mohbile networks
ae not srong subdtitutes, for example if different networks cover different regions or
consumer groups. This case abdracts from the effect of termination charges on
compstition between networks for subscribers. Consequently, in section 3, we extend
the modd to dlow for mobile network competition and explore the interactions
between fixed to mobile prices and other prices that may be sat by fixed and mohbile
cariers. We will see tha the logic of many of the results presented in this section

continuesto bevalid even in thismore complex framework. 8

2.1 Model Set-Up and Assumptions

Condder a modd with n independent mobile networks and a sngle fixed
network. Mobile phone customers ae exogenoudy digributed between mobile
networks where s is the maket share of mobile network i. The margina cost of
terminating a cell on a mobile nework is given by ¢ while the margind cost of
originding a cdl on the fixed network is ¢ . The margind cost of trunk services is
gven by ¢ so tha the totd margind cost of a fixedto-mobile cdl is given by
Coy =Co tG +CT .

Let P be the price of a cdl 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 cdl.

between pre selected firms then the negotiated charges will be passed on directly to the customer and pre-sdection
will be identical to the direct charging option discussed here.

8 We could view the fixed share case as modelling a stuation where mobile networks cannot commit to
termination charges prior to signing-up subscribers. The analysis here would then reflect the interaction in the



The fixed carier sets this price. We assume that ether (1) the fixed carrier is unable
to st a different price for different mobile networks, so tha R =P, =P for Al
mobile carriers or (2) that the customers cannot determine which mobile carrier they
ae ringing ex ante. Under this later 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 that customers pay. This
avarage price deemines demand and is given by P:éis,Pi. The second
assumption captures the idea of customer ignorance discussed above.

As consumers ether explicitly or effectively face a sngle (average) fixedto-
mohbile price, P, the demand for fixedto-mobile cdls is given by Q(P). It is often
convenient to assume that this demand is linear so tha Q=-(a- P). The linear
demand assumption dlows us to explicitly cdculate prices and chages and to
compare these charges over differert regimes. The fixed carier will set the price of
fixedto-mobile cdls teking into account both the demand for such cdls and the cost

of those cdls.
If the fixed and mobile networks are owned by separate firms, then the

margind termination cost that will enter the fixed carig’s pricing policy is not the
true margind cogt of termination, ¢ but rather the margind termination charge set
by the rdevant mobile carier. We denote the margind termination charge set by
mobilecarier iby T, per cdl.

A usful benchmark price for our andyds is the uniform monopoly price for

fixedtto-mobile cdls This is the profit maximisng price that would be st by a sngle
firm tha owned both the fixed network and the orly mobile network. We dencte this

price by P™, whee it is implictly defined for a generd demand function by
Q¢P™)(P- c,, )+Q(P™) =0. For the case of a linear demand, P™=1(a+cg,) ad
the associgted monopoly quartity is Q™ =2 (a- ¢, ). Monopoly profits from the
sdeof fixedto-mobile cell servicesin thissituation isdenotedby P ™ = 1-(a- c,)?

subgame after mobile subscribers have chosen their network. In contrast, section 3 alows for ex ante commitment
by mobile networks to termination charges.



2.2 Unregulated Outcomes Without Integration

Suppose that the n mobile networks independently and Smultaneoudy  set
ther linear termination charges T,. The fixed network owner then sets the fixed-to-
mobile price P. Given this (average) price, cusomers decide how many fixedto-
mohbile cdls they will make, taking into account their own ignorance of the identity of
the terminating mobile carrier for any specific cdl. With each decison, the relevant
firm seeks to maximise its profits and dl networks take the market shares of each
mobile carrier as given. Given the termindion charges, the fixed carrier will st P to
Llve

max, ¢P- 5= &= & 9T J0(P)

With  liner demand, the <olution to this problen is given by
P=i(a+Q sT+c +c) ad Q=2(a- § ST - ¢ - ¢). Given the behaviour of
the fixed carier, the mobile networks will simultaneoudy st their termingion
charges to solve:

S
T ab
Thefirst order condition for the mobile carrier’ s optimisation problem is given by:

max; —(T - ¢')(a- & ST, - ¢6 - G)

a- g 2 ST-2sT- ¢S -c +5¢ =0
Solving these fird order conditions smultaneoudy for al mobile cariers gives the
Nash equilibrium termingtion charges.

There are three cases worth more detailed congderation. First, suppose that
there is just one mobile carier. This dlows us to isolae the effects of vertica
spadion. In  this dtudion, s =1, s tha T=1(a-c-c,+c;') ad
P=1(3a+cq, )>P" 2long as a>c,, . The totd quantity of fixed to mobile cdls is
gven by Q=2 (a- cqy ). This is the standard double margindlisation result — vertical
separaion of the fixed and mobile cariers leads to pricing above the monopoly leve.
This is detrimenta for both consumers and for the firms themsdves. The monopoly
price maximises indudtry profits so thet a higher price under verical separation leads
to lower indudry profits than an integratled monopoly. Here, the mobile carie’s
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profits are -X-(a- ¢y, )> while the fixed carier’'s profits ae :L-(a- ¢, )?. Totd

profit equas 2-(a- ¢, )’, less then the profit for an integrated monopoly given
above,
Second, suppose that there are only two mobile networks. Solving the firgt

order conditions for these two networks gives the termination charges as

=5-(a- 65 - ¢ +(25 - 5))¢') for each of the twomobile cariers i. The (average)
price of fixed to mobile cdls is given by P=1(5a+c.,)>P" with associated
quantity Q=43(a- Cg,). Note that in this Stuation that the price of fixed to mobile
cdls is higher than when there is a single mobile carier. This is due to the effect of
horizontd separation. Each network has an incentive to unilaedly rase its
termination charge reldive to the case of a sngle carier as it gans the full price

benefit of such a rise but shares any related loss in sdes. This effect tends to be larger
for smdl networks. Note that as the market share of any mobile carrier decreases, its

(equilibrium) termination charge increases. In particular,

111—2:- S_:Z(a- Cey) <O.

At the same time, the share of the other carrier must incresse and its termination
charge fdls In the liner demand case conddered here, the changes in termination
charges that result from changes in mobile carrier market shares exactly offset each
other. In other words, for the @se of two mobile cariers, the price of fixed to mobile
cdls is independent of the shares of the individud mobile cariers even though the
specific termination charges do depend on these shares.

The third case of interest dlows for competition between an arbitrary number
of symmetric mobile carriers. From the firs order conditions, with nmohbile carriers,

each of whom has a market share of 1/n, each carier will independently set its
termination charge in equilibrium a T, =2 (a- ¢f - g+1q'). The price of fixed to
mobile cdls is P=525((2n+Da+cy, ). This price incresses as the number of
mobile carriersincrease:

drP
Ezz(n—il)z(a+cpm)>0-
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For fixed to mobile cdls there is not redly any competition between mobile carriers.
Because the person making the cdl is ignorant of the specific carrier they are cdling,
mobile carriers have no incentive to compete by offering a lower termingtion price.
But as the number of cariers increases, the effect of horizontal separation rises and
this pushes up the termination charges and the fixed to mobile price.

2.3 Regulation

There is dearly a range of regulatory rules that could be introduced by the
authorities. We begin by congdering two arms-length procedures then condder direct
price regulation.

2.3.1 Direct mobile charging

As discussed in section 1, a minima regulaory rule could involve the mobile
cariers directly charging the A-paty for cdl termination. The fixed carier would
only charge a cusomer the origindion and trunk fee for a fixedto-mobile cal while
the mobile carrier would charge the customer the termination charge. To make such a
rule feesble the actud billing would have to be done by the fixed carrier, possbly in
return for aregulated billing fee.

Direct mobile charging does not dter cusomer ignorance. Customers ill do

not know which mobile network is associated with a specific number until after they
have been hilled. But it does dter the drategic interaction between the fixed and the
mobilecarriers.

To e the effects of direct mobile charging, suppose that the fixed network
sets a price for origination and trunk carriage of O. The totd price for a cal from the
fixed network to the mobile carrier P =O +T,. Under customer ignorance, with the

shares of each mobile company given by s;, the expected price that the customer pays
for a fixed to mobile cdl is P=O+§lis,Ti . The fixed carrier and mobile cariers
smultaneoudy set their charges so that the fixed carrier solves:

max, % (a- O- § ,§T)(O- ¢ - ¢).
The first order condition for the fixed carrier is given by a- 20- § ST, +c5+¢=0.

Each mobile carrier will solve:



S o
maxTi%(a- O-a jsJ.Tj)('I'i- o).
The firgt order condition for each mobile carier is a- O- 2sT, - é i sT, +sq' =0.

Again, it is worth looking at three cases — a single mobile carrier, two mobile carriers
with asymmetric market shares and n symmetric mobile carriers.

Frg, if there is a Sngle mobile carrier, solving the firs order conditions gives
O=1(a- ¢/ +2cf +2c)ad T =21(a- c5- g+2¢"). The totd price of a fixed to
mobile cdl is given by P=%1(2a+cy,). This price is bdow the standard double
margindisaion price, as direct mobile charging has reduced the effect of verticd
separation. At the same time, direct mobile charging introduces a new dement of
horizonta separation. The fixed and mobile components of the cdl ae now
complementary inputs from the consumers perspective, but are provided by different
firms. Thus mobile direct charging does not completely interndise adverse spillovers
in firm pricing and 4ill leeds to a price aove the integrated monopoly price.

Second, suppose that there are two mobile carriers with potentidly different
market shares. In this Situation,

O=}(a+3c5+3¢- ¢f ) and T =7 (a+c)' (35 - 5) - (6§ +0)).

The expected totd price is P=2(3a+¢,). As with the unregulated case, the total
price of a fixed to mobile cdl is independent of the actud shares of the mobile
cariers with linear demand. But the price is lower with direct mobile charging than
with standard verticd separation. The specific termination charges set by each carrier
will depend on ther market shares and, as in the case without regulaion, these
termination charges tend to rise for a carrier asits market sharefdls.

Third, condder nsymmetric mobile cariers. Solving the fird order conditions
in this stuation gives a totd price of P=-L((n+1la+c,,). To see the effect of

increasing the number of mobile carriers with direct charging,

dP_a' CFM >

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. But a the same
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time, it Hill leads to prices aove the integrated monopoly leve, and the price tends to
rise as the number of mobile carriers increases.

2.3.2 Carrier identification

An dtenative regulatory gpproach would involve carier identification. At a
minimum, this would involve advertisng which cariers were associaged with which
numbers to reduce customer ignorance. Even o, this would only be a short-term
Llution and would not be amenddle to mobile number portebility. Carrier
identification could involve a customer 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 suffice? The customer would then have the option of terminaing
the cdl if they did not want to buy the rlevant call.

If carier identification pefectly removes customer ignorance then esch
mobile carier is independent and there is no horizonta spillover between cariers. |If
there is no cal subdtitution then the fixed carrier and each mobile carrier are, in effect,
a sepaae veticd par. In other words, if a cusomer wishes to cdl a person or
company connected to a specific mobile carrier and there is no dterndtive to this cdl,
then the fixed and rdevant mobile cariers are just like sequentid monopoliss. As a
result, the behaviour of the fixed carier and each mobile carier will be identicd to
the case andysed above for a sngle mobile carrier. In other words, for each mobile
carier, T=2(a-c5- g+q"), P=1(3a+c,,)>P" ad Q=g (a- cy,). Carier
identification completdly removes the effect of horizontd separation but it has no
effect on vertical separation.

Alternatively, if there is cal subditution between cariers then each mobile
carier will have a reduced ability to exert any monopoly power. We would expect
mobile termination charges to fdl and this to be reflected in the fixed-to-mobile price,
In the extreme, suppose that there is perfect subditution between cdls to different
mobile carriers. In this case, a cusomer has numerous firms or people that they could
cdl, and these firms or people are connected to dfferent networks. The customer does
not care which firm or person they cdl and will smply choose the firm or person
asociated with the chegpest fixed-to-mobile price. This leads to perfect competition
between the mobile carriers, and termination charges will be set a margina cost. The
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fixed carier, however, retains dl of ther monopoly power and can set the price of
fixedtto-mobile calls equd to the monopoaly price

2.3.3 Carrier identification and direct mobile charging

It might seem sensble to use direct mobile charging to reduce the effect of
vaticd segpadion and carier identification to remove the effect of horizontd
separdtion. Firg condder the case with no cal subdtitution between mobile networks.
If these regulatory options are both implemented, then the result for the fixed network
and each individud carrier will be like the sStuation of direct mobile charging with
only one mobile carie. In other words, for each mobile carier,
O=1(a- ¢ +2cf +2¢)ad T =1(a- c5- g+2¢"). The total price of a fixed to
mobile cdl is given by P=1(2a+c.,). Agan it is worth pointing out that this price
is bdow the price edablished with just carier identification, but remans above the
integrated monopoly price.

As subdtitution between mobile carriers increases, termination charges under
direct mobile charging will decrease until, with perfect subgtitution, the charges equd
margind cod. The fixed carier retains its monopoly power so thet the originaion
charge will be set at the monopoly levd, O=P™- ¢' .

2.3.4 Direct setting of termination charges

In contrast to the arms-length options consdered above, the regulator could st

termination charges directly. Suppose the regulator establishes a termination charge t

that must be set by dl mobile cariers. The fixed carier will then take this regulated
charge as given and set the price of fixed to mobile cals to maximise profits. As the
termination charges ae 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+c +c +t). If we compae this with the integrated monopoly then
P-P™ =1(t - ¢'). If the regulator sets the margind termination charge equd to the
margind cost of termination, then the price will equa the integrated monopoly price.
If the regulator sets a termination charge above margind cost then the fixedto-mohbile

9'AT&T' have asimpleidentification sound in the US.



15

price rises, while if the regulator sets a termination charge bebw the margind
termination cog, then the fixed-to-mobile price fals below the monopoly price.

The socidly optima price for fixedto-mobile cdls is given by the margind
cost of thee cdls, cq,. The regulator would have to set the terminaion charge a
t'=ci+g+2c" - a before profit maximisation by the fixed carier was digned
with the socid optimum. 10

For any higher termination charge, t >t *, socid welfare will be decreasing as
the termination charge rises. In paticular, note thet it is not optima for the regulator
to s the termination charge equa to the margind cost of termination. This only leads
to integrated monopoly pricing and monopoly profits for the fixed carier. Rather, to
rase socid wefare the regulator needs to st the termination charge below margina
costl!t This creates a problem for the regulator. The mobile cariers will make a loss
on terminaing cdls. This loss will need to be recouped from some other source. For
example, if the regulator sets the termination charge below codt, but that is dl, then
the mobile cariers would have to recoup ther loses from terminating cdls by raisng
charges on outgoing cdls. If competition prevented this, then some cariers would
need to leave the indudry to reduce competition and dlow outgoing cal prices to rise.
In brief, setting the termination charges below cost to correct the distortion in fixed to
mohile calswill lead to areduction in mobile subscriber competition.

One dternative for the regulator is to st termination charges a zero. Such
termination charges will hep offset the monopoly pricing by the fixed carier. If a is

large relaive to c.,,, then a zero termination charge can ill exceed t ™. But if ais

relativly dose to ¢, or ¢ is reaively large then zero termination charges may be
below the socidly optimd leve.

Zero termination charges have the advantage that they are easy to implement.
The regulator Smply does not alow mobile carriers to charge for termintion. As the
fixed carier hills the cusomer, this carier can enforce the rule by smply not passing
any fees onto the mobile cariers. At the same time, zero termination fees will result

in the mobile cariers meking a loss from terminaing fixedto-mohile cdls To avoid

10 |n practice the regulator will face standard information constraints when setting T . For example, the regulator
may not know c?" . Baron and Myerson (1982) and Baron (1989) discuss this issue.
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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 ixed per carier transfer
from the owner of the fixed network.

2.35 Intervention for only a dominant carrier

An dternative to direct price setting for dl mobile carier termination charges
would be to just st the termination charge for a ‘dominant’ carier. To see the effect
of such a policy, suppose that there ae n mobile carriers, and they have asymmetric
market shares. Let s; >s for dl firms it jso tha firm j is the ‘dominant’ carier.
The regulator directly sets firm j’s termination charge for fixed-to-mobile cdls a t .

All other cariers then smultaneoudy st ther termination charges. Given these
termination charges, the fixed carrier sets the price for fixed-to-mobile cals

Using the fird order conditions presented in section 2.2 above, replacing T,
with t , we seethat mobile carrier i will set its termination charge so that

o]

a-a ., ST St-2sT-¢- g+s¢’ =0.
To smplify, assume tha dl non-dominant (and non-regulated) mobile cariers are
symmetric with market shares § =L (1- ). Then, for each nonregulaed mobile

carier,

n-1 . 1-s
= a- ¢, -c,- st +— :
i n(l- Sj)( CO 1 i n_lcl')

with

Pz%((Zn- Da+cl+c-st+(1-s )d”)

Note that P>P™even if t =¢;' 0 long @& n3 2. In other words, even if the
regulator requires the dominant carrier to st its terminaion price a margind cod, the
resultant fixedto-mobile price will aways exceed the integraied monopoly price
whenever thereis a least one other mobile carrier.

This sad, regulation of one mobile carier leads to lower fixedto-mobile
prices than no regulaion s0 long as the regulated price does not exceed the margind

11 Armgtrong, Cowan and Vickers (1996) discuss this issue for genera access pricing with imperfect downstream
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termination cost by too much. To see this, le¢ DP denote the difference between the
fixedto-mobile price with one mobile carier regulaed and the price with no
regulation but the same totd number of mobile carir's.  Then
DP:m(-a+cg+ c+e+ (n+D)s (t - CTM)). This will be negaive 0 long as

M

t - ¢, isnottoo postive.

The effect of dominant carier regulaion in reducing the equilibrium fixed to
mobile price is smdl compared to the effect of additiond mobile cariers in raisng
this price. To see this, suppose that one carier is regulated but a the same time there
is one more mobile carier. In other words, while the dominant carrier is regulated,
another unregulated mohbile carier enters the indudry. Holding the market share of
the dominant carier fixed, let the change in price under regulation with an extra

mobile firm compared to the case of no regulaion with one less mobile firm be

denoted by DP . Then DP = 51 (s; t - o)) . Thisispositiveif t - ¢' ispositive

2.3.6 Regulation by setting the fixed-to-mobile price

Ore find regulatory option should be noted. While the aove andyds hes
conddered the regulation of the termination charges st by the mobile carriers, an
dtenative solution to the problem of fixedto-mobile charges might be the direct
regulatory setting of the fixed-to-mobile cdl price. Setting the end price for fixedto-
mobile cdls avoids some of the problems with regulating mobile termination charges
directly. In paticular, it avoids issues of regulaing firms tha only have a rdativdy
gndl maket share. Once the find price is edablished, termination charges would
then smply be a device usad by the cariers to divide any profit that exists under the
regulation. While the setting of these charges could lead to condderable dispute, such
a dispute is more about sharing profits than about raising prices to the detriment of

find customers.

24  Integration

In the discusson above, we assumed that each mobile carrier and the fixed
carier were independent. What if the fixed carmer dso owns one of the mobile

competition.
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cariers? For amplicity, we refer to this as the case of integration. In this Stugtion, the
mobile carier that is owned by the fixed carier cannot effectively raise its margind
termination charge above margind cost. Arny such increese would merdy transfer
funds from the fixed carrier to the mobile carier. But as the same company owns
these carriers, the transfers would smply be interndl to the company. A manager or
owner who sought to maximise the totd profits of the company would disregard such
internd transfers as they have no effect on the profit of the company as awhole.

With integretion, the fixed carier will teke the price of terminating cdls to
mobile phone networks other than its own as given, and will s& the price of fixedto-
mobile cals to maximise company profits. Let s refer to the fraction of mobile

phone customers who are subscribers to the mobile carrier that is owned by the fixed

carier. Theintegrated carrier will solve:

max,(P- & - ¢, - $.¢' - &, §T)Q(P)
Fr liner demand, the <ution to this problenm is gven by
P=1(a+s.cf +§ . ST +cf +c) with associated quantity
=4@-50"-Q..ST-¢ - ). Gven the behaviour of the fixed carier, the

non-integrated mobile networks will smultaneoudy set their termination charges to
lve

mex, (T - e s - & L ST - ¢ - 6).
Thefirg order condition for the mobile carriers optimisation is given by

a-sc'-3 weST - 2sT- ¢ -c+5¢ =0,
Solving these fird order conditions smultaneoudy for dl mobile cariers gives the
Nash equilibrium terminetion charges.

The fird order conditions for the fixed and non-integrated mobile cariers are
meathematicdly identicd to the case of no integration but direct reguldion of a
dominent mobile carier with t =c!" . Consequently, the results with integration will
be directly andogous to this dtuation. For example, if there are n mobile cariers in
totd and each non-integrated carrier has an equa market share, then the termination

price for the (n- 1) non-integrated carriers will be given by
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n-1 1-s
T = _AF A M =7 9F M
ey @ ® G s )

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

P=4((@n- Da+ch +q- (25 - 1A' )
Smilarly, if there are only two mobile cariers, one integrated and one not integrated,
then T, =1(a- c5- ¢+ ¢'), P=21(3a+cq )>P " and Q=2%(a- Cry ).

From DP above witht =c , integration together with entry by one extra non-
integrated mobile carrier leads to no change in the price of fixed-to-mobile cdls In
this sense, integration of one mobile carier with the fixed carier is equivdent to
‘loang’ one mobile carier in terms of the effect on price For example, if there are
only two cariers, one of which is integrated with the fixed carrier, then the price of
fixedto-mobile cdls in equilibrium is the same as the ‘double margindisaion’ price
with only one norrintegrated carrier. In this case the non-integrated mobile carier’'s

profits are equa to =(a- G, ), the same as if it were the only mobile carier. The

integrated carrier makes profits -1-(a- ¢y, )*. These are the same as if it did not own
amobile carrier and there was only one non-integrated mobile carrier.

In this example, integration raises totd indudry profit but dso ‘diverts profits
to the non-integrated mobile carrier. This suggeds that the fixed carrier might have no
incentive to integrate. Or, if it is initidly integrated, then the fixed carier might have
incentive to separate from its mobile carier, paticulaly in the longer term when
market shares of mobile carriers have ‘settled down.” To confirm this, if there are n

symmelric non-integrated mobile cariers then the fixed carier makes profit of

Pr=gay(a c)® while exh mobile carier mekes profit  of
Py =@ Cay )?. In contragt, if the fixed carrier is integrated with one of the n
mobile cariers, then the integrated carrier makes totd profits P, == (a- Cey)’-

Integration will only be profitéble if P, 3 P +P,,. Smplifying, it is only profitable

to be an integrated carier if —-(a- c.,,)?3 m(a—cm)2 or 2n?-2n-1£0,

8bn?
Solving this quadrdic egquation means that there is only an incentive to integraie if
n£1.37.
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To interpret this result, if dl mobile cariers are symmetric, then integration
will only be a gable longrun outcome if there is only one mobile carier. The logic
behind this is dear. Integration with one mobile carier avoids double margindisation
and rases totd profits. But for two or more mobile cariers, it is better not to
integrate. In this case, the non-integrated mobile cariers seize dl the bendfits of
integration, and integration actualy makes the fixed carrier worse off.

There are two clear cavedts to this result. Firg, if integration with the fixed
carier makes it esder to gan mobile cusomers and increese market share then
integration is more likedy to be dedrable This could aoccur through reputation or
marketing. Secondly, if maket shares are not symmetric then integration with the
largest of the mobile carriers may be dedrable even though there are two or more
mobile carriers. This effect will tend to decresse as the number of mobile cariers

rises and market shares become more equal over time.

3  Mobile Network Competition

The modd presented in section 2 assumed that the market share of each
mobile network was fixed and did not change as termination charges and fixed to
mobile prices changed. In many Stuaions, however, mobile networks compete with
one ancther for subscribers. The cogts and qudlity of their service criticdly influence
this compstition and to the extent that these are influenced by termination charges
they are of rdevance to this paper.

In this section we develop a modd of mobile network competition in order to
underdand the determinants of the market shares of competing networks. Following
Armgrong (1998) and Laffont, Rey and Tirole (1998a), we envisage negotiaions 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 congder how termination charges interact with
mobile network competition.

For smplicity we concentrate on the case of two mobile networks, A and B,
and a dngle fixed line network, F. The fixed network has a st of cusomers of
measure a while the mobile networks compete for a customer set of measure 1. The

vadue of a can be interpreted as a measure of the rdative sze of the fixed customer
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base to the mobile base. We assume that these overal shares are fixed: in effect, fixed
and mobile cusomers are didinct and the two forms of telecommunicetion are not
competitors1?

We mantan our notation from the previous section but add some new
definitions. In particular,

¢ isthemargina cogt of termination on the fixed network
cy isthemargind cost of origination on either mobile network

¢, is the margind trunk cost incurred by fixed and mobile networks for cals
to each other

f isthe cost of connecting a consumer to a mobile network

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

The two mobile networks, A and B, <l differentigied but subditutable
products. We mode this by assuming that each network is located a ether end of a
line of length 1 with A locaed & 0 and B located a 1. Consumers are located
uniformly over the line Given income y, outgoing cdls g and incoming cdls z, a
consumer located at x and joining network i hes utility:

YtV 't|X' )§|+u(q,z)
where v, represents a consume’s intringc vaue of having a mobile phone and
t|x- x| denotes the st of joining a network with ‘address xi (i = A, B) that differs
from the consume’s own location!® u(qg,z) captures the consume’s utility from
meking and receving cdls To smplify the andyss we initidly assume that the
consumer is indifferent to incoming cdls o that u(g,2) =u(q). Consequently, the
price of fixedto-mobile cdls will not directly concern the mobile subscriber,
dthough, as we show beow, these prices have dSgnificant indirect effects through

subscriber competition. We comment on the implications of consumer preferences for
incoming cdlslater in this section.

12 We will consider the implications of relaxing this assumption towards the end of this section.

13 Thisis essentialy the model structure of Laffont, Rey and Tirole (1998a, 1998b).



3.1 Pricing and the Determination of Market Shares

We can now consder a consumer’s choice between mobile cariers. Let v(p)
be the indirect uility function of a consumer who faces an outgoing cdl price of p
(per cdl or cdl-minute) (i.e, Vv(p)° max, u(g)- pg). We interpret this, as do
Laffont, Rey and Tirole (1998b), as the utility generated from cdling a particular
person. Implicitly, this means that consumers do not refrain from caling people when
the price of doing so rises but merdly that they cdl them for less often or for smaler
periods of time.

We will assume that mobile consumers can be offered nortlinear prices, i.e, a

two-part tariff. That is,

W(q 7qj1QF) =k +pq PG + PeGe
where:

Fi isthe fixed fee or subscriber charge;

pi isthe per cal intranetwork charge on network i;

gi isthe quantity of calson network i;

pij is the per cal charge from network i to network |
q;j isthe quantity of cals from network i to network j
pir isthe per cal charge from network i to network F
gir isthe quantity of calsfrom network i to network F

Further, let Tij be the termination charge from network i to network j and Tir be the
termination charge for the fixed network. ps, Ts ad Qr ae defined andogoudy.
Consder an ‘average consumer whose (expected) cdlng pettern matches the
digribution of customers over the fixed and mobile networks. Then the cdl utility for
that consumer from subscribing to ether network A or B is

VA a_il(S/( pA)+(1' S)V(pAB)) +ﬁv(pAF) - FA

Vg =22 (SV( Pga) + @~ V(Pg)) + 22V Par ) - Fo



23

where s isthe market share (among mobile consumers) of network A.14
The market share of network A, s, is determined by the point of indifference
between Aand B. That is,
V,-ts =V - t(1- 9
P s=3+s (Va- Vg)
wheres =1/(2t) isthe degree of substitutability between the two mobile networks.

Note that in bidding for customers, each network will find it optima to st
each cdl charge egud to its margind cost. Focusing on network A, these usage prices
e Pa=C+Cy +¢), Pas=C+Cy + Ty, and pue =C +Cy +Tp,. Thisisacommon
outcome when firms can st multi-part tariffs. It is in a network’s interest to st non-
disortionary tariffs, because when price is s&t equa to magind cod, the sum of
consumer surplus and that network’s per customer profits is maximised. If this were
the only component of pricing, the network may not recover any fixed cods eg.,
customer connection cods. However, the fixed charge, Fa, can be utilissd to divide
total value crested (that is, utility less cogts).15

Because our focus is on fixed-to-mobile prices we will fix the other
termination charges a ther resgpective margind termination costs  Tha s

M

TAB = TBA = CT
efficient bargaining between those carriers (Laffont, Rey and Tirole, 1998a).
Given these smplifying assumptions, the market share of network A becomes

and T, =T, =c/. These are the outcomes that would result from

s=i+s (F,- F,) (51)
Note that an interior equilibium exigs if s (the degree of mobile network
subdtitution) is not too high.

3.2 Equilibrium Mobile Charges

We can now condder the mobile networks choice of subscription charge, Fa
and Fg, given the fixedto-mobile termination chages T,. and T, . Each network

will choose thelr charge to maximise its profits taking the other network’s prices as

14 Effectively, this is an expected utility calculation reflecting the utility of caling a specific person whose
probability of belonging to a network is given by that network’s market share.
15 For adiscussion of this see King and Maddock (1996).
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given. In a Nash eguilibrium (if it exigs), each network will be saisfied with their
choices and find unilatera deviations unprofitable.
Given our assumptions network A'sprofitis,

Pa=s(Fa- ) +28(T - ¢ )Q.

where ., =Q under customer ignorance. This profit is the sum of the mobile
network’s profits from its own customers and the profit from terminating cals from
the fixed network. A will choose Fa to maximise these profits, yidding the firs order
condition:
%:%+s (Fe-Fa)-s (FA- f+2(Ty - cTM)Q)=O (52)

A
Raisng its charge incresses the direct revenues A eans from its inframarging
customers. However, it dso drives avay margind customers. This is costly because
not only does A lose its direct revenues but dso the termination revenues it would
othewise receve from cusomers on the fixed network cdling those margind
customers. B faces the same trade-off when determining its subscription charge.

It is important to note that the existence of fixedto-mobile terminaion profits
makes networks tougher price competitors for subscribers. When networks discount
to gan a customer, they dso atract the cdls from the fixed network to that customer.
This mekes the margind cusomer more vdudble and hence, bidding for tha
cusomer more intense. To see this, note that given T, and Ty, per subscriber

2
termination profitsare T, :il(l'AF -¢')Q and ﬂ:l F‘|)TAI\: =-s £0.
a-+

A A
The fixed line network dso chooses its prices following the sdting of
termination charges. With linear demand, itsfirst order condition is as before;

A(@- P)+(q +c5 +sT, +(1- 9T, )% =0 (53)
Smultaneoudy solving the three first order conditions, we find that:

as (3+2fs)TZ-3asad’ (2(a+ G+CE ) +Tar e )+as (4(a+ G+cS )+Te (1-4fs )) +2(as (a+ g +§ )Tar - Bb(1+a )(1+2fs )+as T3 )
- 2 (as (Tar -Ter )= 12 1+a ))

(54

A



25

So long as s is low enough (i.e, mobile networks are relatively poor subgtitutes), then
this is the unique (Nash) equilibrium. Perhgps more indructive is the equilibrium
market share for network A:

s=%+ﬁ(TAF-TBF)Q (55)
Notice that when T, =Tg-, S is equa to %2 When T, >Ty. resltsin s>1 asthis
rases the rdative revenue A eans from its customers and hence, increases the

atractiveness of competing for those customers.

3.3 Fixed-to-Mobile Prices

As for the case of fixed market shares, the andyss of fixed-to-mobile prices
and mobile network termination charges depends criticaly upon how informed
consumers ae regading the network they ae cdling. If they cannot distinguish
between dternative networks they will base their 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 make such didinctions, price
discrimination is possble.

We continue to assume consumer ignorance. This means that g, =sQ ad
Ors =(1- 9Q. Recdl from the fixed market share case that the price of fixed to
mobile cdls P, is a monopoly price, P =4(a+sTx: +(1- S)Tg +¢6 +cy ). Given the
equilibrium market shares, as defined by (5.5), the totd quantity of fixed to mobile
cdlsis

_3(+a)(a-cf- o - 3(Ty +Tye))
12b(1+a)+as (T - To )’

The profit equation for network A (tsking into account the interior equilibrium in

competition for mobile cusomers) is

_1 2 o \0
pA_E§[+3(1+a)SQ(TAF TBF)B (56)

A chooses Tar to maximise these profits. Thefirst order conditionis:

Q
TAF = TBF [ :0
Q+( ) .
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Essntidly, the mobile networks act as rdative profit maximisers on their terminaion
charges. The intuition here is tha own profit is passed on to mobile subscribers
through price compstition unless termination profits exceeds that of the other mohbile
network. If it does, then the difference can be appropriated. Consequently, mobile
networks can maximise tota profit by ensuring thet their termination profits are high
reletive to the other network.

Congder a symmetric equilibrium where T, =T, . It is easy to see that in
that equiliboium Q =0 or T, =T, =a- ¢ - ¢/ . That is mobile termination charges
ae st 0 high that demand for fixed to mobile cdls reaches its ‘choke point’ as
defined by P = a. The intuition here is smple. Suppose P=a and Q=0. Network A
could improve its own termingtion profits by seting its termination charge beow
a- ¢ - ¢ . However, this will confer a grester increment to termination profits of the

rivd network. This is because that network enjoys the benefit of a postive number of
fixed to mobile cdls but a greater markup for those units Consequently, while
termination profit may increase, reative termination profits and hence, overdl profits
fdls.

3.4  Preferences for Incoming Calls

The andyss above shows tha when mobile termination charges are st
independently, they tend to be above margind cod, and in the case of termination
charges for fixed cdls they may be set 0 high as to ‘choke off fixed to mobile
demand. One assumption in our mode was tha mobile consumers do not care about
the quantity and hence, price of incoming cals from other networks. It is easy to see,
however, that given our assumption of customer ignorance, consumer preferences for
incoming cals do not dter our results.

Suppose that mobile consumers cared about the quantity of cals they received
from the fixed line network.16 When evduding which network to choose they will
look a mae than smply the subscription charge they face. They will dso consder
the fixed to mobile price charged to consumers and the quantity of cals received by
the network. However, under cugtomer ignorance, fixed to mobile prices do not

16 Also, suppose the consumers were not ‘large’ in the sense that they commanded monopsony power.
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effectively differ among networks Therefore, regardless of which network they join,
the quantity of incoming cdls will be the same. It is only when fixedline cusomers
ae avare of the nework tha they are cdling and the price of that network that
consumer preferences for incoming cdls will become sient and impact upon

termination prices.

3.5 Regulation

In generd, to determine the quantitative effects of dructurd regulaory rules
such as carier identification or direct mobile charging, we need to resolve the entire
modd presented above. However, for carier identification we can eedly determine
the quditative effects of regulation.

When fixed line consumers can didinguish between the mobile networks they
ae cdling and have knowledge of any price differentids, the terminaion charges and
fixed to mobile cdl prices are the same as the fixed market share case. In this case,
there is no horizonta externdity from changing termingtion charges. Maket shares
from subsoriber competition  gill depend on  rdaive terminaion  profits  but
eqilibrium will no longer invalve choking-off fixedto-mobile cdls.

To see this, suppose that Ty 2 a- ¢ - ¢,. No cdls will be made from the
fixed network to network B regadless of T,. and network B will make no
termination profits. Clearly, network A’s best response is to set T, <a- ¢} - ¢,. This

will rase both A’s reaive and absolute termination profits” Thus, A will gan a
bigger subscriber base and make greater totd profit. It immediatey follows that there
cannot be an equilibrium where both networks set termination charges to choke fixed-
to-mobile demand. Carier identification will lower the average price of fixed to
mobile cdls!® Note aso that mobile subscribers will not face higher fees and may

face lower fees in eguilibrium with carier identification. For example, if there is a

17 The key difference is that under customer ignorance, lowering T,. below the choke price rased A’s absolute
termination profits but lowered its relative termination profits so that total profits fell, not roe.

2
o CcMyg - oM . .
18 Formally, under carrier identification b, = 1 2'31+2S a((TAF G )lea- (Tge - G )qFB)g . Noting that g, is

4s & 3(1+a) +ﬂ
decreesingin T, ,if g =0 then p, ismaximised when g, ispositiveand T, isstrictly between the choke

priceand ¢ .
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symmetric equilibrium both mobile networks will make postive termingtion  profits
and this will be ‘passad back’ to mobile consumers through subscriber competition.
Thus carrier identification benefits both mobile and fixed network customers.

The direct sdting of termination charges by a regulaor involves a dmilar
generd bendfit to customers in our framework. If a regulator sets termingtion charges
for dl mobile cariers bdow the choke price then in any symmetric equilibrium al
cusomers gain. This sad, it is important to understand thet the driving force behind
these gains is the reduction in the horizontd extendity that exids between
unregulated mobile networks under customer ignorance. Because of ignorance over
the identity of the terminating mobile network, fixed line customers reduce the
quantity of fixedtomohbile cdls that they buy when one mobile carier rases its
termination charges, but they do not dter therr didribution of cdls between mohbile
networks. Further, mobile network profit from subscriber competition depends on
reldive termination profits as each mobile carier uses these profits to induce
subscribers to join their network. It pays each mobile carier to dways rase its
reldive termination charge because this lowers the other carrier's termination profits
and raises their own relaive termination profits® This leads to a race between the
mobile cariers to rase fixedcal termination charges to the choke price. Both carrier
identification and direct regulatory price setting short-circuit this race. Carrier
identification achieves this by diminating the horizontd extandity in termination
profits. Direct regulation, in contrast, Imply mekestheraceillegd.

4  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 reatively minima
and symmetric. In particular, we have assumed consderable knowledge of consumer
demand, dmple horizontd product differentistion, and equivdent mobile network
technologies. Nonethdless, we beieve that such assumptions are not redrictive and
relaxing them would not dter our key results.
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That sad, there are issues raised by our research that are gill unresolved. Firt,
our results clearly depend on the assumption that mobile networks st a uniform
termination price for fixed line cdls But efficient termination pricing is possble and
can be fadlitated by non-linear pricing such as two-part tariffs. While we know that
usage charges in such pricing schemes should reflect margina costs the issue of fixed
charges is more difficult. Current research suggests that these should be structured to
induce optimd investment incentives?® However, the andysis here was essentidly
datic and, as such, not able to address such issues.

Indeed, introducing dynamic andyss into the mode would dlow other issues
to be addressed. For example, we have assumed that mobile users and fixed line users
ae independent. This neglects the important issue of the adoption of mobile services
by consumers and ther interaction with consumers who adso consume fixed line
savices. It dso neglects the role for new wirdess technologies and their impact on
mobile competition.

Smilaly, our modd did not consder entry and its effects In paticular, we
did not condder explicitly the role of termination charging in dtering the incentives
of entrants. This too remains a fruitful area for future research.

In condluding, it should be noted that our andyds here is not a dl specific to
mobile network issues Indeed, to the extent that consumes have difficulty
diginguishing among competing carier's (a problem exacerbated by the deady
introduction of locad number portability), then these congderations would apply to
interactions  between many tdecommunications networks induding  fixed line
networks and data communication services. Thus, we expect that the results on
termination presented here would dso apply to many other inter-network regulatory

gtudionsin tdecommunications.

19 Consequently, so long as termination charges are above their ‘monopoly’ level, lowering those charges will
result in areduction in mobile subscription charges.
20 See Gans and Williams (1999) and Gans (1999) for a discussion of regulated pricing and investment incentives.
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