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US ad European reform in locd, fixedline tdecommunications has
highlighted the potentid for network competition. A key dement in competition is the
teems tha govern interconnection between competing networks. These pricing
arrangements  between networks will influence the costs of making inter- and
sometimes intranetwork cals and hence, the leve of effective competition.

A number of recent papers have raised concerns tha interconnect fees
between competing networks can be used to fadilitate collusve outcomes. Laffort,
Rey and Tirole (1998a), Armgrong (1998) and Cater and Wright (1999) each
demondgrate that, by negotiating high interconnect charges, monopoly outcomes can
result despite the existence of competing networks. Interconnect charges play an
important role in the (margind) cost of cdls Under a cdler-pays system, they
represent the amount a network that originates a cdl pays to the network that
terminates a cdl. Conseguently, the higher the interconnect charge, the higher ae
margind cdl cogds and hence the price of cdls By agreeng to a high enough
interconnect charge, networks can achieve a monopoly cal price and, because flows
of inter-network treffic tend to be symmeric (Williams, 1995), neither bears avy
burden from the high charges to each other.

Two important assumptions underlie this outcome. Fird, price discriminaion
between intra and inter-network cdls is not possble This might reflect regulatory
redrictions or, given the exigence of locd number portability, reflect that consumers
are not awvare of the network they are cdling. This means that interconnect fees enter
directly into the cogs of dl cdls and not smply inte-network cals! Second,

consumers face smple linear prices set an a per cdl or per cdl minute bass. If this

1 Laffont, Rey and Tirole (1998b) show that this assumption is not necessary for high interconnection chargesto be
used to raise call prices.



second assumption were relaxed (say to dlow for twopat taiffs), then high
interconnect fees would lead to high cdl prices but & a loss of consumer vdue. This,
in turn would tend to lower network profits In this environment, under any reciprocd
interconnect arrangement (where each network pays each other the same interconnect
feg), networks would ether be indifferent regarding interconnect fee levels (Laffort,
Rey and Tirole, 1998a) or prefer alower fee (Laffont, Rey and Tirole, 1998b).

In cdlular or mobile communications and many Internet and data services,
networks diginguish between inter- and intranetwork cdls, providing information or
price differentids to consumers. Moreover, the pricing structures are incressingly
non-linear. This is in contragt to locd phone networks that map more dosdy into the
environment discussed by previous researchers. In this paper, we demondrae thet
under price disrimingtion and nontlineer pricing, competing networks will wish to
negotiste very low interconnect charges. These will often be bdow margind cost and
may involve a ‘bill and keep' or zero charge, or perhgpos even a negative charge
These low charges will be used to soften price competition between networks.

Laffont, Rey and Tirole (1998b) andyse this case They conclude tha
interconnect charges will be negotiated to equd the margind cost of terminating a cdl
(or connection). We demondrate here that ther concluson is incorrect and,
invaridbly, the negotiated interconnect charge will lie below margind cos. The effect
of this is to make networks termination revenues (i.e, the amount they receive from
incoming cdls) less than termination cogts. This means that those networks will face
fewer benefits from lowering charges to atract margind subscribers and will soften
their bidding for dl consumers (i.e, will offer higher fixed fees). This raises both
networks profits. Hence, the Laffont, Rey and Tirole (1998b) modd actudly supports

the use of low, rather than high, interconnect fees to achieve more collusive outcomes.



1. M odel Set-Up

We tilize the same setup as Laffont, Rey and Tirole (1998b). Suppose there
are two networks, A and B. Each faces the same costs. The cost of connecting a
customer is f while the margind cost of terminating or origingting a cdl is co and the
margind trunk cost of acal isc;. Thus, thetotd margina cost of acdl isc® Z, +c,.

The two networks compete for a customer set of measure 1. Each network is
assumed to have full coverage. We suppose that the two networks sdll a differentiated
but subditutable product. This is moddled by assuming that each network is locaed

a dther end of a line of length 1 with A located a O and B located a 1. Consumers

ae located uniformly over the line. Given income y and cdls made q, a consumer
located at x and joining network i hes utility:
Y+, - t[x- x[+u(a)

where V, represents a consumer’s intringc vaue of subsaibing to some network and
t|x- x| denotesthe cost of subscribing to anetwork with *address x; (i = A, B).2

To condder the determinants of consumer choice between cariers, let v(p) be
the indirect utility function of a consumer who faces an outgoing cal price of p (per
cdl or cdl-minute). In other words, v(p) © max,u(q)- pqg. 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 s0 rises but merdy that they call them less often or make shorter

cdls.

2 |t is assumed thaty and \;, are sufficiently high that a consumer always wants to subscribe to one network.



Consumers can  be offered non-liner prices ie, a twopat taiff;
Vvi(qi’qij) =F +pg +pq; -

where:

Fi isthe fixed fee or subscriber charge;

p; isthe per call charge from network i;

g is the quantity of calls to network i;

pij isthe per call charge from network i to network j

gij isthe quantity of cdls from network i to network j.

The vadueto aconsumer subscribing to network A or B is, repectively,

Va=av(py) +(L-a)v(pa)- Fa

VB :av(pBA)+ (1' a)V(pB) - FB
where a is the maket share of network A. Notice that this spedfication implicitly

includes our assumption that consumers choose ther cdling patterns among networks
randomly; save for differing cal prices.
The market share of network A, a, is determined by the point of indifference
between Aand B. That is,
V,- ta =Vg-t(l-a)

P a=3+s(Va-Ve)
wheres =1/(2t) isthe degree of subdtitutability between the two mobile networks,

When bidding for cusomers, each network will find it optima to st eech cdl

charge equa to its margind codst. Let T;; be the termination charge from network i to
nework j. Focusng on nework A, the usge prices ae p,=c ad
Pas =G +G + T, This is a common outcome when firms can st multi-part tariffs.

When price is st equd 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 would not recover any fixed cods such as customer connection
costs. However, the fixed charge, Fa, can be utilised to divide totd vaue created (thet
is, utility less cogts).
Given that usage charges are set equa to a network’s margind cost for various
services, the market share of network A becomes:
3+s (V(Q+G +Tsa)- V(O +Fy- Fy)

1S (2U0)- V(G + G +Ty)- V(GG +T))
Note that an interior equilibrium exigts if £ >2v(c)- v(c, +Cy +Tga)- V(C, +Cy +Tyg);

@

that is, so long as termination charges and the degree of subdtitution are not too high.

2. Equilibrium Subscription Fees

We now condder each network’s (Smultaneous) choice of subscription fees,
Fa ad Fsfor A and B, respectively; and look for a Nash equilibrium. Given the usage
charges network A’s profit is
Pa =a(FA' f) a (1' a)(TAB - CO)qBA'
This profit is the sum of the network’s profits from its own customers and the profit

from terminating cals from the other network. A will choose Fa to maximise these

profits, yielding the first order condition:
P4 fla
—~=a+ F,- f+(1-2a - C =0 2
ge =2 g (Far 4 22)(Te )0k @
where
fa S

TFe 1-s (2v(0)- V(G + G +Ta)- V(G +G+Tag))



Raisng its fixed charge increases the direct revenues A earns from its inframargind
customers. However, it aso drives avay margind customers. This is costly because
not only does A loose direct revenues from these cusomers, but dso the termination
revenues it would otherwise recelve when subscribers on other networks cal those
customers. B faces the same trade-off in determining its pricing.

The existence of termination revenues makes a network with less then haf of
the cusomers a tougher price competitor. When networks discount to gan a
customer, they attract the (net) cdls from other networks to that customer and receive
the resultant termination revenues. Thee revenues depend on the market share of
each network, and are maximised when networks are of equa Sze, so that a network
with a market share below one hdf dways finds the margind customer more vauable
and intensdy bidsfor that customer.

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

Tag ad Tga ae not too far dove ¢, (i.e, interconnection profits are not too large),

then there exits a unique (Nash) equilibrium3 The equilibrium maket share of

network A is

a=lie 3 (VG + G +Ten) - V(G + G + o))
2 7 3(1- s (2v(C) - V(G +Cy+Ten) - V(G +Co+Ta) - 2(Tag + Ten - 2C ) CGlan)

Notice that when T,;=Tg, a is equd to %2 When T, >Tg, a 1. Higher

2

©

termination fees by network A are reflected in B's price to its cusomers for off-
network cals. By raisng its interconnection fees network A places its competitor a a

disadvantage and raises its market share.

3 With equilibrium subscription fee for network i:

F=f.2amGuEx 6+ 6 +T;}1)+(s (@ (©V( 6+G+T;)-v(§+6+T)-1(3+25 T~ b v(C} v(§+erT;)+ s 6+ G +T;))+25 Go(q) (- BVl SU 6+ g ) )45 v(c+ey +T 1))+ (- 25 v(c ) &v(6+6+T;))
' 25f-25(q (0 +9) T T ) FRv(D @ o P 5rerT))



3. I nter connection Char ges

We begin by consdering what happens when A and B st ther termination
charges independently. While a precise solution is not possble we can demondrate
the following:

Proposition 1.In any symmetric Nash equilibrium, T,; =T,, >G,.

PROOF: A's profits (taking into account the interior equilibrium values of Fa

andFp) are:
145 (Tg~ G) Gea-SL & W+iL 4 @
Pa= s gl+25 25 (Tag +Tan - 26 ) s +3(1-SL)
where L =2v(c)- v(c, +¢, +Tg,)- V(q + G+ Tyg) ad

W=v(c + ¢ +Tg) - V(c). Taking the derivative of this with respect to Tas and
stting T, =Ty, =G,, we have: - 1vc) >0 implying tha & this point A (and
symmetricaly B) would increase its profits by raisng Tas (Tea).

This outcome is &in to the dandard double margindisation result that arises when
firms st prices for complementary services independently. What this means is theat
prices are higher than they otherwise would be and profits and consumer surplus are
lower.

Consumer surplus is reduced because the price for cdls between networks is
too high and hence, fewer cdls ae made This dso rases the posshility that a
symmetric equilibrium may not exis. Termination charges st aove cost mean tha
the network with a greater number of subscribers will face lower average cdl codts. If
networks were close subditutes this may lead to a corner solution with al subscribers
on a dngle nework. Here we have ruled out this possbility by our assumption thet
networks are not close substitutes o thet the equilibrium remainsinterior.

We now condder the interconnect fees that arise when these are chosen
cooperaivdy through negatiations rather than  non-cooperdively.  Following  the

notation of Laffont, Rey and Tirole (1998b), let T,; =Ty,= mc+ ¢, and suppose that



networks will negotiate a choice of m to maximise their joint profits. m is the mark-up
on interconnect charges reldive to totd cdl cods In a symmetric equilibrium,

network profit becomes.

p. = 2(2(v(©)- (@ m)- moa(a+mc)) ©)

This is the profit equation derived by Laffont, Rey and Tirole (1998b, p.53) where
Oag =0ga =0((@+m)c). Note that when m = O, the equilibrium profits of esch

network ae their Hoteling levd, p" =-1, tha would aise in competition where

T s
customers had unit demands4
Given this, we can prove the following proposition:

Proposition 2. The negotiated interconnect arrangement has m < Owith negotiated
profits exceeding p".

PROOF: Taking the derivative of (5) with respect to m, we have:

11% =Zevq( (L+m)c) +4cq((1+ m)c) +2 me’qq (1+m)c)

Noting that, by Shepherd’ sLemma, v¢=- qgives
T, _
Im

This is drictly less than zero when m3 0 o that the optimd levd of mis
grictly less than zero. The optimad vaue of m is given implictly by m’,
where g ((l+ m*)c) = mcqtl((1+ m )c) :

- 20q((@+m)c) +4+mc*qq (1 +m)c)

To check tha m represents a level of maximum profits note that
Tp =1 mc’q§{(1+m)c). This will be negative if mc’q@((L+m)c)<0. Note
that:

(1) 1%p/fn? =0 when m=0.

4 SeeLaffont, Rey and Tirole (1998a).
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(2 if q¢>0 then §°p/m’ >0 when m>0,ad 7°p/fm? <0 when m<0
that there will be aunique optima levd of m that is Strictly less than zero.

(3) if q¢<0 then 1°p/fm? <0 when m>0, and 1°p/fm’ >0 when m<O0.
This means that it is dways desrable to st m as low as possble For
example, if ‘bill and kegp or m=-¢,/c is the lowest feasible vaue of m
then thiswill be the optima vaue of the termination mark-up.

On the profit-gde, note that as m fals beow zero, profits increase. Hence,
p,>p".

The intuition for this result is smple. When m is negative, customers wish to beong

to the smdler network, dl dse being equd. This is because inter-network cdls will be

priced bdow intranetwork cdls As a reult, lowering F to atract margind

cusomers becomes a less viable competitive tool for networks, and price competition
is muted. This softening of price competition increases equilibrium profits for both
networks?

A ‘bill and keep' or ‘peering’ arangement involves seing m=-¢,/c. In this
Stuation, interconnect charges are zero with no sdtlement teking place, cdls ae
billed but termination charges are kept. Propogtion 2 demondrates that the negotiaied
interconnect charge will be bdow margind termination cost so that each network
makes losses on interconnect. One simple way of achieving this is to st m=-¢,/c.
This would save on accounting and other transaction costs. However, the profit
maximisng outcome may be gregier or less than this. Nonethdess the propostion
does rdaiondise a ‘bill and keegp' arangement as being conddent with collusve

outcomes rather than in spite of them.

5 Proposition 5 of Laffont, Rey and Tirole (1998b) comes to a different conclusion than we do in this paper. That
proposition states that the joint profit maximising level of m is 0 and maximum profits will be achieved at the
Hotelling level. While they prove that equilibrium profits are decreasing in m, they erroneoudy draw the
conclusion that the lowest feasible level of m is zero, claiming that the first order condition for profit maximisation

is v((1+ m)c) = v(c)+ mev&(1+ m)c) rather than the equation listed in the proof of Proposition 2.



1

An immediate implication of our andyss is that bill and keep termination
charging, with the resulting low price of inter-network cdls, may be undesrable from
a consumes perspective. While some cal prices are low compared with, say, the
non-cooperative equilibrium, this is offsst by increesed fixed charges In paticular,
total vaue created is lower under bill and keep than if termination charges were st at
cod, and network profits are higher. Thus, consumers are necessarily worse off under
bill and kegp or under any other co-operdive eguilibrium where termination charges

are set below cogt, than when termination prices are set a margina cost.

4. Conclusion

Current research into interconnect arrangements between networks has argued
that high charges will be used to soften network competition. Here we demondrate
that in an important class of network competition — namely, with two-part tariffs and
price disrimingtion — that low, rather than high, interconnect charges can be used to
soften price competition among networks. This is because low charges reduce the
overd|l benefits of aitracting a customer and hence, the intendty of bidding for
subscribers. Consequently, it is possble that the oftenrused ‘bill and  keep
arangements may peform a collusve function as wel as minimising accounting and
transaction costs.

The model here follows the literature in being essentidly datic. As such, there
is no repeated dement to networks interactions. If this were to be examined, it is
posshle that low interconnect charges could sudan collusve outcomes in other
maket environments induding those with linear cdl pricing. In this gStudion, the
low interconnect charges would make price wars more damaging to competitors and

hence, commitments to them could help sudtain tacitly collusve outcomes. However,
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a closer examination of this diginct role for low interconnect charges awaits further

research.
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