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Abstract

We study the choice between regulating interconnection charges or delegating their determi-

nation to the operators, both in a non-mature and a mature market. Three regulatory regimes

are considered: full, cost-based and bill-and-keep. Delegation corresponds to bargaining about

the interconnection charges using the regulatory schemes as disagreement outcomes. Applying

regulation benefits the consumers. Under full regulation, access charges account for asymme-

tries and allow a unique Ramsey price. Delegation benefits the operators. In a mature market

delegation robs the government of any market influence. In a non-mature market government

preferences coincide with those of the largest operator and are disadvantageous for entry.

Keywords: regulation, delegation, interconnection, telecommunication.

JEL classification: L1, L5

∗Financial support of the Flemish Science Foundation, grant n G.0231.99, and of the University of Tilburg where
part of this research has been conducted during a stay as Marie-Curie fellow, is gratefully acknowledged. I thank Paul
de Bijl, Eric van Damme and Frank Verboven for useful discussions and suggestions. The paper has been presented
during seminars at the University of Tilburg and the University of Antwerp. Any remaining mistakes are mine.

1



1 Introduction

During the last decade and a half the telecommunication sector in Europe has been subject to

some tremendous regulatory changes. The sector used to be dominated by national monopolies but

is now (being) liberalized and deregulated. Technological progress eliminated the need to have a

“natural” monopolist and governments realized that monopolies are not the most efficient way to

organize the market. One of the main aims of the liberalization process was thus the introduction

of competition through entry. Promoting entry has brought a number of extra regulatory issues

under the attention of the authorities: locked-in consumers and interconnection.

The first issue are locked-in consumers. When a firm enters a market more often then not, there

is an incumbent firm present in the market and part or all of the consumers must be seduced to

switch suppliers. The incumbent firm has the advantage that switching is costly for the consumers.

Such a switching costs gives market power to the incumbent. Market power that can be exploited

in several ways. An incumbent firm can choose to charge a too high price but it can also try to

prevent an entrant from gaining market share. Every type of regulation must take into account the

fact that it is not obvious for consumers to switch suppliers. Secondly, once there is more then one

operator in the market they must interconnect. An operator must be able to connect its networks

to other networks to terminate their off-net calls and this against a price that makes competition

possible. Such a price is called an access or interconnection charge.

In this paper I want to look at the choice for a government between regulating the interconnec-

tion charges or delegating the power to determine them to the operators. The delegation process

is modelled with the European regulation in mind. Within Europe the operators get the power to

negotiate about the charges and these negotiations take place within a legal framework that has

two distinctive characteristics. A first one is the concept of a dominant operator. Operators whose

market share is such that they have an important influence on the outcome of market processes

are subject to a stricter regulation than other operators. The dominant operators must make a

non-discriminatory interconnection offer open to all other operators in the market. A second dis-

tinctive characteristic is the appeal possibility that operators have in case the negotiations fail. If

so, one or both operators can appeal to the national regulator for mediation. The regulator will

then impose a certain interconnection tariff. As both operators are aware of this option and of the

resulting tariff, the negotiation process is influenced. No operator accepts a negotiated outcome

that is worse then the appeal option.

The focus of the paper is on the second characteristic and it makes abstraction of the dominant

operator issues in the legislation. Given that firms can differ in size and given that consumers

are reluctant to change operators, I want to answer questions like: Which regulatory scheme is

preferred by the government and by the operators? Can the government change the outcome of

the negotiation process by changing the appeal outcome? Do installed base differences result in an

other preferred outcome for the bargaining? Answering this type of questions will give more insight

in the regulation the government should optimally impose.
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Formally the model must allow operators with a different installed base of locked-in customers

to bargain about the termination access charges and must give the government the option to either

directly impose an access charge or to influence the bargaining process by setting the disagreement

outcome. To allow for differences in installed base and interconnection, I use a duopoly model based

upon the papers of Laffont, Rey and Tirole (see Laffont et al., 1998a; Laffont et al., 1998b) and

Armstrong (1998). More recent work about interconnection has been done by (e.g. Armstrong,

2002; Wright, 2002). To take the market power into account a switching cost (see e.g. Klemperer

(1995)) is introduced in the expression of customer utility. Adding a switching cost to the model

adds more weight to the difference in installed base because customers are now to a certain extend

locked-in. The operators gain extra market power over their customers and are thus confronted

with a trade-off between charging a low price to gain new customers or charging a high price to

exploit their existing customers base. This trade-off will influence the negotiations. The negotiation

process is taken into account by choosing for a Nash bargaining set-up (see e.g. Osborne and

Rubinstein (1990)). The bargaining is about the interconnection charges and the disagreement

outcomes needed in the bargaining are the appeal options mentioned above.

The duopoly model has four main decision variables: the prices of both operators and the

terminating interconnection tariffs. The prices are the outcome of a price competition with given

interconnection charges in a second stage of the game. In the first stage the interconnection charges

are either imposed by the government or determined by bargaining between the operators. Because

of the asymmetric nature of the installed base, the model is analyzed by using specific numerical

values for the parameters.

The government can impose three types of regulation: full, cost-based or bill-and-keep. Under

full regulation the government determines both the retail prices and the access charge. Full regula-

tion turns out to correspond to Ramsey pricing whereby the Ramsey prices is independent of both

the switching costs and the installed base of the operators. Interconnection charges in this case

perform the role of a transfer mechanism. Imposing cost-based or bill-and-keep regulation implies

that only the access charges are determined by the government.

If the government delegates its decision power, the firms are free to bargain about the terminat-

ing access charge. Once an access charge is agreed upon they engage in price competition. Upon

failing to reach an agreement the government will impose one of the three regulation schemes.

Analyzing the model shows that the government will always prefer to impose a full regulatory

scheme. Firms on the other hand prefer to bargain but they do differ in the preferred disagreement

outcome. Under regulation both firms prefer a cost-based access charge when they are in a mature

market or when customers are not locked-in which is equivalent. In a non-mature market with

switching costs the smallest firm makes more profit under a bill-and-keep system. The largest firm

still prefers the cost-based system. In case of delegation in a non-mature market the preferences of

the government and the largest firm correspond: a cost-based disagreement outcome. The smallest

firm favors a full-regulation disagreement outcome. Promising to impose a cost-base regulation in

case of disagreement makes it more difficult for the entrant. In a mature market delegation turns
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out to be a bad choice for the government because it looses both its power to directly and indirectly

influence the market outcome as firms are indifferent between the disagreement outcomes.

The structure of this as follows. In the following section 2 the model will be developed. In that

section I will pay attention to the three market players (consumers, firms, government) and to the

different regulatory schemes. Section 4 looks at the solution of the model. Two main subsections

there are section 4.2 which deals with a mature market and section 4.3 which deals with market

asymmetries. The last section 5 concludes.

2 The model

2.1 The consumer side

Assume a group of consumers, their total number normalized to 1, facing a duopoly, the firms 1

and 2 which are engaged in price competition. Two consumer types are distinguished depending

on which firm’s installed base a consumer initially belonged to. Type 1 (2) consumers are part of

the installed base of firm 1 (2). One can think of the installed base of a firm as the market share of

that firm in the period previous to the current one. Let α0

i be the size of firm i’s installed base as

a percentage of the total market, this implies that α0
1
+ α0

2
= 1. Consumers face a cost whenever

they decide to switch from one supplier to another. Due to these switching costs the size of a firms

installed base will influence the strategic decisions taken.

Each consumer faces two decision problems:

1. From which firm will he buy taking into account that he faces a cost if he switches ?

2. How much will he consume ?1

These two decisions are strongly interconnected. The amount consumed depends on the specific

price the chosen firm asks. The choice of a firm depends on the utility a consumer gets with that

firm. The utility is a function of the price, the consumed quantity and the installed base a consumer

was in. The decision process is modelled as discrete choice in which a consumer buys from the

firm that gives him the highest utility (e.g. Anderson et al., 1992)2. Define the indirect utility of

a type i consumer that buys from firm j (i, j ∈ {1, 2}) as

V (pj , θij) ≡ vj(pj)− µij + εij . (1)

The indirect utility function depends on the price pj and on a vector θij of parameters (y, v̄j , η,

1In some case a simplification can be made by assuming that the consumer has a unit demand function. Then
consumer decision problem reduces to the question: “To buy or not to buy ?”

2A similar type of logit differentiation is used by Doganoglu and Tauman (2002). The authors look at an access
charge model in combination with experience goods.
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µij , εij). The term vj(pj) is defined as

vj(pj) = y + v̄j +
p1−η
j

(η − 1)
.

The parameter y stands for the part of his income a consumer is willing to spend on the good under

consideration. The second parameter v̄j gives a fixed utility that every consumer gets when he

decides to buy from firm j. In the numerical analysis (see section 4) I normalize without loss of

generality y + v̄j = 0.

The demand function implied by the above given utility function is the constant elasticity

demand function. Applying Roy’s identity to equation (1) gives

q(pj) = (pj)
−η . (2)

The elasticity is equal to η. This demand function gives me the usage which is an important

aspect of the discrete choice process. The same demand specification is used also in Laffont et al.

(1998a).

The second term in equation (1) is µij which depends both on the consumer type i and on the

firm j that the consumer is buying from. µij gives the cost
3 for a consumer who was in the installed

base of firm i and decides to switch to firm j. If such a cost is suffered by the consumers the firms

obtain market power over those consumers that already bought from them, i.e. over their installed

base. Having more market power implies being able to charge higher prices and thus making more

profit. The presence of a consumer switching cost transforms the installed base into an important

asset for a firm. For the consumers facing a switching cost equals a restriction of their choices. If

a consumer does not switch, i.e. i = j, then µii = 0. In the numerical analysis of this model I

will make the assumption that a consumer has to pay the same cost when switching from 1 to 2 as

from 2 to 1: µij = µji = µ.

The last term in equation 1, εij , is a random variable that causes a deviation from the mean

utility. The deviation depends both on the customer type i and on the firm j from which will

be bought. For this discrete choice model I use a logit specification (e.g. Anderson et al., 1992).

I use a logit model instead of the Hôtelling model because both are conceptually similar but the

logit model has less problems with corner solutions4 which makes the numerical analysis simpler

and the logit model allows for an easy introduction of the switching costs.

Concerning the term εij , the logit model assumes that the parameters εij are i.i.d. according

3Note that µij can be negative in which case on has a switching subsidy. An example of negative switching costs
in the mobile telecommunications sector are “free” handsets given by certain operators to new customers. In this
paper I will limit myself to positive values for µij .

4If I would for instance use a linear demand function, the optimization process would need to rule out prices that
lead to negative volumes.
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to a double exponential distribution function F (x):

Prob(εij ≤ x) = F (x) = exp

{

− exp

[

−
(

x

ρ
+ γ

)]}

(3)

where γ is Euler’s constant (≈ 0, 577). The distribution function (3) has a mean equal to zero and

a standard deviation equal to (ρπ) /
√
6 (Anderson et al., 1992). The parameter ρ is a measure

for consumer heterogeneity. If ρ = 0 the consumers are perfectly homogeneous which implies that

their valuations of the two goods do not differ. Increasing values of ρ indicate an increasing degree

of heterogeneity. The parameter ρ thus plays a role which can be compared to the transportation

cost in an Hotelling framework. The parameter ρ also has an interpretation as a “variance” of

the switching cost µij . If ρ has a high value, many consumers will have a switching costs that

differs from µij and this will lower the influence of µij . If on the other hand ρ is small, almost all

consumers face the same cost µij to switch which gives µij more weight in the model. To make

the later analysis easier I will then put ρ = 1.

Using the distributional assumptions of the logit model, the expected conditional surplus of a

consumer, conditional on belonging to the installed base of firm i is given by:

csi (p1, p2) = ρ ln

{

2
∑

k=1

exp

[

(vj(pj)− µik)

ρ

]

}

. (4)

The expected unconditional consumer surplus is then given by

CS
(

p1, p2, α
0

1

)

= α0

1cs1 (p1, p2) + α0

2cs2 (p1, p2) . (5)

As the total number of consumers is normalized to 1 the expected unconditional consumer surplus

is also equal to the total consumer surplus for this economy. The total consumer surplus depends

on the installed base of the two firms. Asymmetries in the installed base will shift the influence

that both firms have on the consumer surplus.

Using the logit model the probability that a consumer who is currently at i purchases from j

can be written as:

λij(p1, p2) =
exp [(vj(pj)− µij) /ρ]

2
∑

k=1

exp [(vj(pj)− µij) /ρ]

, (6)

with i, j ∈ {1, 2} (Anderson et al., 1992). λij(p1, p2) is the probability that buying from firm j

gives thus a higher utility than buying from firm i, given that one bought from i before.

2.2 The operator side

2.2.1 The costs

A basic model for the telecommunications sector has three types of costs:
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• Marginal costs of serving a customer, c, which consist of two parts (see amongst others:

Laffont et al., 1998a): there is the cost of the local loop (c0) on either side of the network and

the cost of the long distance connection (c1). The total marginal cost of serving a customer

becomes:

c = 2c0 + c1. (7)

• Fixed cost of connecting a customer, f . This cost must be paid for each customer connected

to the network. Firm i will thus incur a cost αif .

• Fixed cost of maintaining a network, F . The cost F is independent of both the customer’s

usage and of the number of customers belonging to the network.

Notice that both firms are assumed to face the same costs, since the focus is on asymmetries

introduced by differences in market shares.

2.2.2 Market shares

Using the above choice probabilities the market shares of the two operators can be found by the

following formulas

α1

(

p1, p2, α
0

1

)

= λ11(p1, p2)α
0

1 + λ21(p1, p2)(1− α0

1), (8)

α2

(

p1, p2, α
0

1

)

= λ12(p1, p2)α
0

1 + λ22(p1, p2)(1− α0

1) (9)

= 1− α1

(

p1, p2, α
0

1

)

,

where αi = αi

(

p1, p2, α
0
1

)

and using the duopoly market share identity α2 = 1 − α1. In the

equations for the market share the influence of the installed base is again clear. Depending on

whether a firm wants to defend, enlarge or exploit its existing installed base, adequate pricing

decisions have to be made.

2.2.3 Profit functions

Basically a profit function is the profit per consumer, i.e. the margin, times the market share and

minus the fixed costs, such a profit function can be written as

πi
(

p1, p2, α
0

1

)

= [(pi − c) q(pi)− f ]αi

(

p1, p2, α
0

1

)

− F . (10)

Due to the interconnection the above profit function must be extended. Firms not only make

profit on the units they sell to their own customers but they make an extra profit or loss due to

the the interconnection of networks. The operators charge each other an access or interconnection

charge for terminating calls of the rival network on their own network5. Define

5If firms do not charge each other an interconnection charge one speaks of a “bill-and-keep” system. See section
2.3.
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ai = access charge that firm i charges to firm j for terminating calls coming

from j’s network to its own network.

An often made assumption is that of reciprocal access charges: ai = aj . In some parts of this

paper I follow that assumption.

Considering the access charges and the costs as defined in section 2.2.1, there are three ways to

make a profit (a loss).

1. Profit on on-net calls:

πoni ≡ (pi − c)αiαiq(pi),

which is the product of a margin on the call, our market share, the probability to have an

on-net call (which is again given by our market share) and the demand at price pi.

2. Profit on originating outgoing off-net calls :

πouti ≡ (pi − c1 − c0 − aj)αi (1− αi) q(pi),

which is the product of the margin on the call, our fraction of customers, the probability to

have an off-net call (given by the market share of our competitor) and the demand at price

pi. Notice that firm i has to pay an access charge aj per outgoing off-net call.

3. Profit on terminating incoming off-net calls:

πini ≡ (ai − c0) (1− αi)αiq(pj),

which is the product of the margin on terminating a call, the rival’s fraction of customers,

the probability a rival’s customer calls to our customers and the demand at price pj (rival’s

price). Notice again that firm i receives ai from firm j for incoming off-net calls.

Total profit: To find the total profit I sum the three profit parts (πoni , πouti and πini ) and deduct

the fixed costs. A firm faces a fixed cost of connecting each consumer f and a fixed cost of

maintaining a network F .

πi(p1, p2, a1, a2, α
0

i ) = (pi − c)αiαiq(pi)

+ (pi − c1 − c0 − aj)αi (1− αi) q(pi)

+ (ai − c0) (1− αi)αiq(pj)

− fαi − F ,
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which can be rewritten to give

πi = πi(p1, p2, a1, a2, α
0

i )

= αi [(pi − c)q(pi)− f ] + (1− αi)αi [(ai − c0)q(pj)− (aj − c0)q(pi)]− F . (11)

Equation (11) consists of two main parts, the first part is the traditional profit function when no

access charges are payed. The second part gives the profit or loss an operator makes on access

charges. A last term is the fixed cost of maintaining the network. Equation (11) will be used in

the next sections.

2.3 The government side

The government is the third player in the market and has a strong influence on the business practices

by imposing regulation.

I will make three assumptions for the government:

• The government wants two firms to be present in the market. Possible reasons therefore are

a higher efficiency or product differentiation which is valued by consumers6. The fixed costs

in the numerical analysis are chosen so to make a duopoly the optimal choice.

• The government can influence 4 variables: the prices and the access charges of both firms.

• The government wants the best for consumers and thus makes decisions by comparing levels

of consumer surplus. The only restriction that the government imposes on consumer surplus

maximization is that both firms must survive.

Taking into account the above assumptions the government has two main options: imposing

some form of regulation or delegating the determination of the interconnection charges towards the

firms.

1. Regulation

When the government opts to impose regulation I assume that it can choose between three

schemes.

(a) Full regulation: under this regime the government imposes both the retail prices and

the interconnection charges that the firms may ask. Given that the government wants

the industry to break even this regulation type corresponds to “Ramsey pricing ”˙ This

type of regulation has strong information requirements and is rarely observed in reality,

therefore I also look at two the following cases of partial regulation.

6Product differentiation is present in the model as long as the parameter ρ 6= 0, this implies that with product
differentiation there will be consumers that have a negative switching cost (i.e. a switching subsidy).
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(b) Cost-based access charge: under this regime the government requires that the access

charge is equal to the cost of terminating the call which corresponds in this model to

the marginal cost of the local loop. The firms then compete in prices given that access

charge. This regulation type comes closest to imposing an access charge equal to the

long-run-incremental cost.

(c) A bill-and-keep system: in this system the access charge is required to be zero. Firms

are not allowed to charge each other for terminating a call and have to engage in price

competition as under the cost-based system. The bill-and-keep system is observed in

reality but almost always in more mature markets.

The last two scheme given above can also be grouped under the term partial regulation. The

government regulates only part of the market, namely the access charges. Which regulatory

scheme a government prefers, depend on many factors. One factor we may not loose sight

of are the information requirements. The more intense a regulation the more information is

required to properly impose it.

2. Delegation

The government does not impose any price nor access charge. The power to determine the

interconnection tariffs is delegated to the firms themselves. Once firms have established the

terms for interconnection they engage in price competition. The way I model the delegation

is by assuming a two stage game. In the first stage the firms use Nash bargaining to get

to an access charge, in a second stage they compete in prices given the access charges from

stage one. The government’s role is limited to choosing a disagreement outcome in case the

bargaining fails. The disagreement outcomes under consideration are the regulation schemes

given above:

(a) Full regulation.

(b) Cost-based access charge.

(c) A bill-and-keep system.

The procedure fits in the framework of axiomatic bargaining (Osborne and Rubinstein, 1990).

An advantage of this bargaining system are the limited information requirements. The

government can decree that the appealing firm provides the necessary information to sustain

its case. A possible disadvantage is the latent commitment problem. Can the government

credibly commit to a certain policy when ex post an other policy is optimal (see section 4.3.2).

In the following section some preliminary results are given.

10



3 Preliminaries

3.1 Full Regulation

Under full regulation the government chooses the prices and the access charges for both firms in

order to optimize the consumer surplus while keeping the profits positive. Such a full regulation

corresponds to Ramsey pricing This leads to the following optimization problem

max
a1,a2,p1,p2

CS
(

p1, p2, α
0

1

)

, (12)

subject to

π1 = π1(p1, p2, a1, a2, α
0

1) ≥ 0 and π2 = π2(p1, p2, a1, a2, α
0

1) ≥ 0. (13)

Looking at the definition of the consumer surplus in equation (5) and at the profit function in

equation (11) it is easy to see that the consumer surplus does not directly depend on the level of

access charges. The access charges can be seen as a mechanism to transfer profits between firms

and to account for asymmetries in installed base whenever consumer switching costs are present.

A wise7 choice of access charges can assure that both firms break even if the industry profit is

positive and allows to simplify the optimization problem. Lemma 1 states this more formally.

Lemma 1 If we find a price p∗ (= p1 = p2) that solves the optimization problem mentioned in

equation (12) subject to π1 + π2 ≥ 0, one can always find a set of access charges (a∗
1
, a∗

2
) so that p∗

also satisfies the conditions:

π1 ≥ 0 and π2 ≥ 0.

Assuming that firms want to limit money transfers, it is optimal to set

• a∗
1
= a∗

2
= 0 if α1 [(p

∗ − c)q(p∗)− f ]− F ≥ 0 and α2 [(p
∗ − c)q(p∗)− f ]− F ≥ 0.

• a∗i = 0 and a∗j = (F − αj [(p
∗ − c) q (p∗)− f ]) / (α1α2q (p

∗)) if setting the access charges to

a1 = a2 = 0 would lead to αi [(p
∗ − c)q(p∗)− f ] − F ≥ 0 and αj [(p

∗ − c)q(p∗)− f ] − F < 0

with i 6= j and i, j ∈ {1, 2}.

Proof. See appendix A

By lemma 1 the access charges can be used as a transfer mechanism between the firms. One

can make sure that both firms do not make a loss even if the condition for optimal prices only

requires that the sum of profits is non-negative.

Given lemma 1 I can simplify optimization problem 13 as

max
p1,p2

CS
(

p1, p2, α
0

1

)

, (14)

7In this part of the paper I will not make assumptions about who must make that wise choice then.
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subject to

π1 + π2 = αt
1

[

(pt1 − c)q(pt1)− f
]

+ αt
2

[

(pt2 − c)q(pt2)− f
]

− 2F ,

≥ 0. (15)

Solving this optimization problem leads to the following proposition.

Proposition 1 The solution to the optimization in (14) subject to (15) is the symmetric (Ramsey)

price p∗
1
= p∗

2
= pR∗. The Ramsey price pR is the lowest price that satisfies the industry budget

constraint
(

pR − c
)

q
(

pR
)

= f + 2F ,

and is independent of switching costs and of differences in installed base of both firms.

Proof. See appendix B

In proposition 1 it is stated that the Ramsey price is independent of the installed base of

both firms even if the costs of switching from firm 1 to 2 and those of switching from firm 2 to

1 are different. An intuitive explanation for this point is found in the fact that both firms have

to be equally efficient, both have the same marginal cost c8, for proposition 1 to hold. If the

government then imposes identical prices for both firms the surplus of both types of consumers

will only differ due to the switching costs incurred. Only those consumers that by chance have a

switching “subsidy” instead of a switching “cost” will then make the change. Imposing a different

price for the two firms would induce more people to switch then optimal.

Having an identical price for both firms does not automatically imply that the conditional

consumer surplus for both types of consumers is identical. The level of csi(p
R, pR) depends on µij

(with i 6= j) and cs1(p
R, pR) = cs2(p

R, pR) if and only if µ12 = µ21 = µ. In the rest of the paper I

will make the assumption of identical switching cost because it makes the total consumer surplus

independent of the installed base. Under that assumption it is so that CSR = CS(pR, pR) =

cs1(p
R, pR) = cs2(p

R, pR) and CSR is thus independent of the installed base. CSR still depends

on the the level of µ though.

3.2 Regulation and delegation: two-stage games

As already indicated in section 2.3, the firms face a two-stage game under the (partial) regulation

schemes (cost-based and bill-and-keep) and under delegation9. In stage 1 of the game the access

charges are determined either through regulation or through bargaining. During stage 2 the firms

take the access charges as given and compete in prices.

8It is sufficient that the marginal cost c is equal for both firms. The marginal cost of the local loop, c0, and the
cost of the long distance connection, c1, are only determined through their relation to c.

9Under full regulation there is no real price competition phase as the government has robbed the firms of any
decision power concerning their prices.
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The second phase of the game is always identical. Assume a pair of access charges (a1, a2)

is the result of the first stage, then the second stage optimization problem of the firms is finding

equilibrium Nash prices for those access charges. The Nash prices are found by solving the system

of equations

{

Firm 1 : p∗
1
(a1, a2) = argmaxp1

π1

(

p1, p
∗

2
(a1, a2), a1, a2, α

0
1

)

,

Firm 2 : p∗
2
(a1, a2) = argmaxp2

π2

(

p∗
1
(a1, a2), p2, a1, a2, α

0
2

)

.
(16)

These prices are the optimal second stage prices for given access charges. They can be used in

calculating profits and consumer surpluses.

The first phase of the game is different for the regulation and for the delegation cases.

Regulation Under a regulatory system the government imposes the interconnection charges let

me therefore define

aji ≡ the access charge asked by firm i ∈ {1, 2} under the regulatory scheme j ∈ {F,C,B}.

Where F,C and B stand respectively for Full regulation, Cost-based regulation and Bill-and-keep

regulation. The access charge aji can then be used to determine the stage two prices (see equations

(16)) which then give profits and consumer surplus. For notational convenience in the remainder

of this paper let me make the following conventions:

pji = p∗i (a
j
1
, aj

2
)

πji = πi(p
j
1
, pj

2
, aj

1
, aj

2
, α1

0) with i ∈ {1, 2} and j ∈ {F,C,B}.
CSj = CS(pj

1
, pj

2
, α1

0)

For the different regulatory systems there are some issues that need to be kept in mind.

• Full regulation: The optimal price of both firms corresponds to the Ramsey price, pF
1
= pF

2
=

pF ≡ pR, and the access charge aFi is determined as in proposition 1.

• Cost-based regulation: The access charges are made equal to the cost of the local loop aCi =

c0. Fixing the interconnection tariff at the marginal cost of the local loop corresponds to

eliminating the interconnection part from the profit function (11) so that firms can only

make profit on the mark-up they charge to their consumers.

• Bill-and-keep regulation: The government imposes an access charge aBi = 0. Having access

charges equal to zero implies that firms may not charge each other for terminating a call and

that a firm can raise the costs of its rivals by lowering its price and thus having more off-net

calls.
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Delegation The government now delegates the power to determine the interconnection tariffs

to the firms and only intervenes if they do not reach an agreement. The firms engage in bargaining

knowing what the government will impose if they do not agree. The way I model this influencing

behavior is by letting the government decide on the disagreement outcome in a axiomatic Nash

bargaining system (Osborne and Rubinstein, 1990). This resembles strongly the situation in some

countries where telecommunication operators (i.e. the firms) can appeal to the regulator (i.e. the

government) when the access charge negotiations are blocked. The regulator then decides on the

access charges.

Define the profit functions for both firms as π∗
1
≡ π1

[

p∗
1
(a1, a2) , p

∗

2
(a1, a2) , a1, a2, α

0
1

]

and

π∗
2
≡ π2

[

p∗
1
(a1, a2) , p

∗

2
(a1, a2) , a1, a2, α

0
1

]

where p∗i (a1, a2) are the optimal stage 2 prices. Let the

disagreement profits be given by πd
1
for firm 1 and πd

2
for firm 2. The stage 1 bargaining problem

is then given by
[

a∗1(π
d
1 , π

d
2), a

∗

2(π
d
1 , π

d
2)
]

= argmax
a1,a2

[

π∗1 − πd1

]

.
[

π∗2 − πd2

]

, (17)

subject to

π∗1 ≥ πd1 and π∗2 ≥ πd2 . (18)

The solutions a∗i (π
d
1
, πd

2
) are then used in equations (16) to find prices and from there profits and

consumer surplus.

In the optimization problem 17 the disagreement outcomes πd
1
and πd

2
are still unspecified. I

will use the three above discussed regulatory schemes as disagreement outcomes, therefore define

āji ≡ a∗i (π
j
1
, πj

2
) ≡ the access charge that firm i ∈ {1, 2} asks and that is determined through

Nash bargaining with regulatory scheme j ∈ {F,C,B} as disagreement outcome.

Using the access charge āji to determine prices, profits and consumer surplus leads to a similar set

of notational conventions as above

p̄ji = p∗i (ā
j
1
, āj

2
)

π̄ji = πi(p̄
j
1
, p̄j

2
, āj

1
, āj

2
, α1

0) with i ∈ {1, 2} and j ∈ {F,C,B}.

CS
j
= CS(p̄j

1
, p̄j

2
, α1

0)

All the above defined prices, profits and consumer surpluses are used in the next section during the

numerical analysis.

4 Model analysis

In this section the above given model is analyzed by using specific numerical values for the parame-

ters. Using such a numerical solution allows me to look at the role of asymmetric market situations

under the various regulatory and delegating cases. Overview tables of all the results can be found
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in appendix C. Tables 9, 11 and 13 contain the outcomes for cases in which the government engages

in either full or partial regulation. The results for the different bargaining situations are in the

tables 10, 12 and 14.

The inputs used in the analysis are given in the first subsection. Subsection 2 looks at a mature

market situation which implies that no market share asymmetries are present. In subsection 3,

non-mature markets are the main focus.

4.1 Inputs used in the analysis

Table 1 gives the inputs used in the analysis. Both the income y and the firm specific utility v̄i have

been normalized to zero for both firms. Normalizing the income just implies that customers are

equal and they do not have a spare share of income to spend on the service. Assuming that there is

no specific utility v̄i to be earned corresponds to stating that the firms are intrinsically identically.

Firms offer the same good or service, it are the customers that differ in their preferences for the

firms.

Table 1: Inputs for the numerical analysis.

Firm 1 Firm 2 Firm 1 Firm 2

y 0 0 c0 0,2 0,2
v̄i 0 0 c1 0,6 0,6
ρ 1 1 c 1 1

µ1i 0 VAR F 0 0
µ2i VAR 0 f 0,25 0,25
η 1,25 1,25

VAR : variable values

The parameter for consumer heterogeneity ρ is set to 1 so that consumers are not perfectly

homogeneous. Fixing ρ to 1 makes the analysis of the consumer switching costs, µij , easier because it

allows me to look at µij alone and not at the ratio of µij/ρ. It is furthermore assumed that consumers

do not faces an extra cost when they decide to stay with that same supplier: µ11 = µ22 = 0. The

costs to switch between suppliers (µ12 and µ21) are given various values in the numerical analysis.

Both firms face a demand elasticity10 η = 1, 25. The costs that the firms face are chosen so that

both firms are able to break even. For this same reason there is no fixed sunk cost (F = 0) but

only a fixed cost per customer served.

4.2 Symmetry or the case of a mature market

In a mature market situation both firms start of with an identical installed base (α0
1
= 0, 5) and are

thus symmetric in all aspects. The symmetry has implications both under regulation and under

10Note that to have a valid indirect utility function the demand elasticity ρ must be greater then 1. See Hausmann
for a formal treatment.
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delegation.

4.2.1 Regulation: full and partial

The aim of regulation, either full or partial, is to influence the price level in the market because

prices are the driving force behind the other aspects of a market like profits, consumer surplus and

market shares.

Imposing regulation in a mature market leads to the prices in table 2. The full regulation or

Ramsey price pF = pR is found by solving equation 1. The prices for cost-based regulation, pCi ,

and bill-and-keep regulation, pBi , are found by solving the optimization problems in section 3.2.

Table 2: Prices in a Mature Market.
µ pF pBi pCi
0 1, 3708 2, 9777 3, 2636
1, 5 1, 3708 3, 4038 3, 7576
3 1, 3708 4, 0848 4, 5343

With i ∈ {1, 2}

From the table one can immediately see that in a mature market both firms charge identical

prices under each of the regulatory regimes. This result is an obvious one because the situation

for both firms is perfectly symmetric. A second expected result is the independence of the Ramsey

price from the consumer switching costs. This independence was stated in proposition 1.

The prices under partial regulation are higher then under full regulation. There are a number of

reasons why the price does not drop to the marginal cost in the price competition. First, consumers

are heterogeneous, ρ = 1. Having perfect homogeneous consumers would require a ρ = 0. Each

firm is thus always guaranteed to have a customer base. Second the price elasticity of demand η is

equal to 1, 25. Demand is not perfectly elastic which gives the firms some form of market power.

Third, for those cases with switching costs (µij 6= 0) the firms gain more market power over there

customers. The higher the switching costs become the firmer the customers are locked in and the

closer the price will get to the monopoly price11 of 5. The role of the consumer switching costs will

be higher with market share asymmetries.

Looking only at prices under partial regulation, one sees that imposing a cost-based regulatory

scheme leads to higher prices than imposing a bill-and-keep system: pCi > pBi . This results holds

regardless the level of the consumer switching cost and the difference between those prices is due to

the differences in access charges. In a mature market with balanced calling patterns the perceived

marginal cost for each firm is given by c+ (a− c0) /2 (Laffont and Tirole, 1999, p. 193). Imposing

a cost-based access charge (a = c0) makes the firms think they face a higher cost and thus need to

ask a higher price than under a bill-and-keep system (a = 0). The collusive effects of the perceived

marginal cost have also been dealt with in the papers of Dessein (. Dessein, 1998a; Dessein, 1998b)

11The monopoly price is given by the price p that solves (p− c)/p = (1/η).
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The different prices under regulation result in different values for the profits and consumer

surplus (see table 3). Looking first at the profits under the three regulatory regimes, one finds an

expected pattern given the prices. Under full regulation no profits are made due to the break-even

property of the Ramsey price. Under partial regulation higher switching costs lead to higher profits

through a raise in prices. The price levels are directly linked with profit due to the symmetrical

setup of this mature market which keeps the market shares constant. The negative effect of lower

sales is outweighed by the gain in mark-up and a smaller access charge deficit under the bill-and-

keep regulation.

Table 3: Mature market regulation: Consumer Surplus and Profits.

Full Bill-and-keep Cost-based
µ CSF πFi CSB πBi CSC πCi
0 4, 3899 0 3, 7382 0, 1278 3, 6692 0, 1330
1, 5 3, 8981 0 3, 1459 0, 1350 3, 0768 0, 1386
3 3, 7453 0 2, 8622 0, 1406 2, 7897 0, 1421

With i ∈ {1, 2}

The evolution of the consumer surplus shows signs two negative relationships: between consumer

surplus and prices and between consumer surplus and consumer switching costs. The highest

consumer surplus is obtained when prices are lowest: under the full-regulations. Allowing for a

cost-based regulation raises the price a consumer has to pay and consequently his surplus. That

switching costs lower the consumer surplus could easily been seen in equation (4) in which the

switching costs appear with a negative sign. It is also clearly visible in table 3, even under the

identical Ramsey prices the consumer surplus drops with rising switching costs.

Having profits and consumer surplus together table 3 allows me to look into the question which

regulatory system is preferred by government and by firms. As governments pursuit a high consumer

surplus and firms a high profit the answer sounds as follows:

Observation 1 In a regulated mature market:

The government prefers to impose a full regulatory system leading to a Ramsey price. If full-

regulation is not feasible, then a bill-and-keep regulation is chosen before a cost-based system.

Firms will always prefer a cost-based regulatory system compared to full- or bill-and-keep regu-

lation.

Whenever firms have the freedom to bargain the above given answer will change even in a

mature market. In the next section firms get that freedom.

4.2.2 Delegation

Contrary to the previous section the government will not impose a strict regulatory system. The

firms get the freedom to negotiate about the interconnection charges they are going to charge to
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each other. Once the interconnection charges are determined they have to engage into a second

period price competition stage12. If firms fail to reach an agreement they go to the government

for mediation and the government then imposes an access charge. The firms are fully aware of the

rules that will be imposed if they disagree.

Assume the government considers using one of the three regulation types given above whenever

the firms do not reach an agreement. Regardless of the disagreement outcome the government

is proposing, the results are given in table 413 and they show a high level of collusion in the

bargaining phase. Both firms end up asking the monopoly price 5 and have an equally high profit:

Table 4: Mature market delegation: results.

µ āji p̄ji π̄ji CS
j

0 1, 3400 5 0, 1425 3, 3681
1, 5 0, 8801 5 0, 1425 2, 8764
3 0, 4060 5 0, 1425 2, 7236

i ∈ {1, 2} and j ∈ {F,C,B}.

π̄ji = 0, 1425 = πm/2 where i ∈ {1, 2}, j ∈ {F,C,B} and πm is the monopoly profit for the industry.

The firms use a combination of access charges above marginal cost and switching costs to attain

the monopoly price after which they divide the monopoly profit. The negative relation between

access charge and switching costs which is apparent in table 4 indicates that firms inflate each

others perceived marginal costs as high as necessary given their level of market power. A higher

market power reduces the need to raise the costs.

Comparing the consumer surplus under delegation in table 4 with the consumer surplus under

regulation in table 3 shows that allowing firms to bargain in a mature market is detrimental for

the consumers.

Asking which disagreement outcome is preferred by the government and by the firms leads to

the following.

Observation 2 In a mature market with delegation, the firms are indifferent between the imposed

disagreement outcomes. In equilibrium they will set a collusive access charge so to obtain the

monopoly price.

By allowing for delegation the government not only gives up the power to directly intervene but

also looses the means to influence the outcome of the market process. As such the government

is also indifferent between the different disagreement outcomes. Because the firms can collude to

obtain a monopoly price the government is better of not to delegate its decision power.

12In this paper I do not deal with the risk of collusion in the price competition stage. Assume that the government
has enough insight in the market to find out if there is real competition in that stage.

13For the full results see tables 10, 12 and 14.
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4.3 Asymmetry or the case of a younger market

In a non-mature market the firms have different installed bases. These differences matter due to

the presence of the switching costs. A firm has to pay a premium if it wants to steal customers

away from its rival. Difference in market shares will also influence the importance of the access

charge transfers and has an impact on the price competition, on the bargaining and thus on the

regulation and delegation.

For the remainder of this section assume that firm 1 has the largest installed base and consider

two cases: α0
1
= 1 and α0

1
= 0, 75. The former is typical for a period of giving up a monopoly, a

first entrant arrives. The later corresponds to a market with one large and one small firm.

4.3.1 Regulation: full and partial

The government still has the same regulatory options as before: full regulation and both partial

regulation cases (bill-and-keep or cost-based regulation). In this section I will look into the effects

of having an asymmetric installed base to start from.

When the government can imposes a full regulatory scheme the resulting Ramsey price remains

identical to the one in a mature market. In the determination of the Ramsey price pR I do not

need to make assumptions about the installed base of the two firms therefore the price remains

pR = pF = 1, 3708.

As the price is identical the only difference between the mature and non-mature market is found in

the end market shares (see table 9). The largest initial firm remains the largest one and the extend

of market share loss depends on the level of switching costs. These differences in market shares

have no influence on the profits, which are by definition zero, nor on the consumer surplus.

The prices asked by the firms if subjected to partial regulation do differ between a mature

and a non-mature market. While in the mature market all prices where a positive function of the

consumer switching cost (see table 2) this is only the case for the price of the largest firm in a

non-mature market. Figure 114 gives an overview of the prices as a function of the switching cost

µ15.

From both cases of initial market shares it is apparent that the prices under cost-based regulation

(pCi ) are higher than under the bill-and-keep system (pBi ). This indicates a positive relation between

the access charges and the prices, a relationship which was already clear from the profit function

(11). A higher access charge implies more revenue for each terminate off-net call.

Taking a closer look at a market where entry just occurred (α1
0
= 1, right half of figure 1) the

influence of the switching cost µ is unmistakable. When µ = 0, both firms charge the same price

because the differences in installed base do not play a role. If µ 6= 0 then firm 2 (the smallest)

14This figure is based on the prices in tables 13 and 11.
15The price pi(a, a) = the price of firm i ∈ {1, 2} subject to the regulated access charge a ∈ {c0 (= cost-based), 0

(bill-and-keep)}.
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Figure 1: Non-mature market: price partial regulation.
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has no other option then to lower its price to attract customers. Without customers the firm can

not make profits. Firm 1 has the advantage of being the incumbent, it has less to worry about

market share16 because the switching costs locks the consumers in with there suppliers. The more

consumers a firm has the more it can concentrate on getting profit per consumer by asking a high

price. The higher the switching costs the more power a firm gets over its consumers and the higher

a price it asks.

The situation for the market with a big and a smaller firm (α0
1
= 0, 75, left half of figure 1) shows

a different picture. The largest firm still enjoys from a positive relation between switching costs

and prices. The main difference concerns firm 2 that has to trade off gaining new customers and

exploiting old customers. The former leads to low, the later to high prices. Gaining new customers

is easier when µ is low and those values adding new consumers is more valuable than exploiting the

existing base so firm 2 will lower its price. If µ becomes larger attracting new customers requires to

lower the price even more and the profit made on the installed base will outweigh the profit from

having a larger group of clients. Firm 2 will as a consequence opt for a higher price and exploit

16Note that if the consumers would be perfectly homogeneous and/or their demand would be perfectly elastic, even
the largest firm would have to worry about its market share.
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those customers it already has.

The pricing strategies of the firms obviously have an influence on both the profit and on the

consumer surplus. Table 5 gives an overview of the profits under the different regulatory systems.

Table 5: Non-mature market: profits under regulation.

Full Cost-based Bill-and-keep

α0
1

µ πF
1

πF
2

πC
1

πC
2

πB
1

πB
2

0, 75 0 0 0 0, 1330 0, 1330 0, 1278 0, 1278
3 0 0 0, 2057 0, 0782 0, 2022 0, 0786

1 0 0 0 0, 1330 0, 1330 0, 1278 0, 1278
3 0 0 0, 2647 0, 0166 0, 2584 0, 0186

From the table it is clear that the largest firm (firm 1) always prefers to be under a cost-based

system. It profits from the higher prices that are asked under cost-based regulation (see figure 1).

The smallest firm (firm 2) only prefers a cost-based system as long as there are no switching costs.

If consumers are locked in the smallest firm gets a higher profit under a bill-and-keep regulation or

under any type of regulation that imposes an access charge below marginal cost. The reason are

the low prices that firm 2 must ask to gain some market share. Having low prices not only results

in a lower mark-up but also in an access charge deficit if the interconnection charge a > c0 or in

an access charge surplus if a < c0. No deficit or surplus is obtained if a = c0. Firm 2 thus prefers

the regulation which will give it a surplus.

The government is by assumption more interested in the well-being of the consumers and there-

fore looks at their surplus (see table 6). As expected the government can do no better then imposing

a full regulatory scheme. If full regulation is impossible to attain the second best is to go for a

bill-and-keep system.

Table 6: Non-mature market: Consumer surplus under regulation.

Full Cost-based Bill-and-keep
α0

1
µ CSF CSC CSB

0, 75 0 4, 3899 3, 6692 3, 7382
1, 5 3, 8981 3, 0768 3, 1459
3 3, 7453 2, 7910 2, 8524

1 0 4, 3899 3, 6692 3, 7382
1, 5 3, 8981 3, 0824 3, 1441
3 3, 7453 2, 7987 2, 8327

In summary I can make the following observation.

Observation 3 In a regulated non-mature market, the first best choice for the government is im-

posing full regulation and if that is impossible the second best option is to install a bill-and-keep

system.
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The firms, on the other hand, never prefer the full regulation. The largest firm is always best

of under a cost-based system. The smallest firm will also prefer a cost-based system if there are no

locked in customers, otherwise the smallest firm gets the highest profit under a bill-and-keep system.

4.3.2 Delegation

In a non-mature market the firms can by delegation be given the freedom to bargain about the

access charges. Due to the asymmetric nature of the installed bases the resulting prices and access

charges will differ for both firms. Figures 2 and 3 give a view17 of the evolution in prices and access

charges as a function of the switching costs. The importance of those switching costs can easily be

seen in both figures: without switching costs the firms both ask the monopoly prices pm = 5 and the

corresponding access charge am = 1, 34. The introduction of costs to lock-in the customers starts a

divergence in the pricing strategies of the two firms. Figure 2 gives the results for a market in which

Figure 2: Non-mature market bargaining with α0
1
= 0, 75: price and access charge results
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both firms have an installed base (α0
1
= 0, 75). What is immediately clear from the figure is the

difference between having full regulation as a disagreement outcome and having either cost-based

17For results on which these figures are based see tables 10, 12 and 14 in appendixC.
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or bill-and-keep as disagreement outcome. Under full regulation both firms would earn the same

profit, namely zero, under one of the partial regulation schemes there is a difference in profit for

the two firms (see table 5). The difference in disagreement profits result in a different bargaining

position for both firms.

The disagreement outcome is not the only factor that influences the bargaining position but it

plays an important role. An other factor is the installed base of the firms in combination with the

switching costs. From the moment µ > 0, the largest firm obtains the highest profit (see table 7).

The difference in profits between the two firms is smallest when full regulation is the disagreement

outcome and when that is the case figure 2 indicates that firm 2 gets part of its profit through

an access charge surplus by asking a high access charge and a lower price. The fact that a higher

switching cost leads to a lower price indicates that firm 2 gets more profit from attracting new

consumers then from exploiting old ones. For firm 1 the opposite is true.

Table 7: Delegation non-mature markets: profits.

Full Regulation Bill-and-keep Cost-based
α0

1
µ πF

1
πF

2
πB

1
πB

2
πC

1
πC

2

0, 75 0 0, 1425 0, 1425 0, 1425 0, 1425 0, 1425 0, 1425
1, 5 0, 1530 0, 1291 0, 1812 0, 1037 0, 1842 0, 1008
3 0, 1616 0, 1165 0, 2043 0, 0807 0, 2063 0, 0787

1 0 0, 1425 0, 1425 0, 1425 0, 1425 0, 1425 0, 1425
1, 5 0, 1586 0, 1148 0, 2174 0, 0670 0, 2235 0, 0613
3 0, 1666 0, 0870 0, 2623 0, 0223 0, 2665 0, 0184

If the firms face a partial regulation system as disagreement outcome the prices stay close to

the monopoly price. For intermediate levels of switching costs the largest firm finds it profitable

to exploit its consumer base by charging a higher price, while the smallest firm takes advantage of

this situation by reducing its price to gain market share. For higher levels of the switching costs

when the firms get more and more market power over their customers they find it more profitable

to have a price close to the monopoly price. The access charges of both firms are negatively related

to the switching costs. The higher the switching costs the less necessary it becomes to have an

access charge to inflate the costs. Firm 2 charges an access charge slightly above the firm 1’s to

have a better access charge balance.

Under threat of a partial regulation the firms are less free in their negotiations then under a

full regulation disagreement outcome. This is can be seen by comparing table 7 with table 5 which

gives the profits of a non-mature regulated market. Comparing for instance the profits under cost-

based regulation (πC
1

= 0, 2057 and πC
2

= 0, 0782) with those from bargaining with a cost-based

regulation as disagreement outcome (π̄C
1
= 0, 2063 and π̄C

2
= 0, 0787) shows that firms are slightly

better of by negotiating. From both tables it is also clear that it is for instance impossible to use

the prices and access charges obtained through bargaining under the threat of full regulation for

this situation because firm 1 would choose the cost-based disagreement outcome (π̄F
1
< πC

1
).
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Turning towards figure 3 for the market situation of an incumbent and an entrant (α0
1
=

1) it is noted that the main difference the behavior of the access charges. As firm 2 has no

Figure 3: Non-mature market delegation for α0
1
= 1: price and access charge results.
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installed base to get profit from it has to lower its price more then when α0
1
= 0, 75 for the

same level of switching costs. A low price may lead to an access charge deficit depending on the

level of the interconnection charges. Firm 2 tries to compensate for the low price by setting a high

interconnection charge. Under a full regulation disagreement outcome firm 1 can limit the influence

of firm 2’s interconnection charge by setting a high price which limits the number of calls made by

its customers. If disagreement leads to a partial regulatory regime firm 1 can not continue with

rising its price for high levels of the switching costs and as a consequence the access charge has to

rise to limit the access deficit.
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The prices and interconnection charges naturally have an influence not only on the profits of

the firms (see table 7) but also on the consumer surplus. Comparing the profits and consumer

surplus for the different disagreement outcomes gives an idea what is preferred respectively by the

firms and the government. Table 8 gives an overview of the surplus.

Table 8: Non-mature markets delegation: Consumer Surplus.

α0
1

µ CS
F

CS
B

CS
C

0, 75 0 3, 3681 3, 3681 3, 3681
1, 5 2, 8554 2, 8709 2, 8734
3 2, 6620 2, 7186 2, 7223

1 0 3, 3681 3, 3681 3, 3681
1, 5 2, 7984 2, 8520 2, 8610
3 2, 5109 2, 6910 2, 7058

Observation 4 In a non-mature market where the government delegates power to the firms, the

largest firm will prefer to bargain under the threat of a cost-based regulatory system. The government

also ensures the highest surplus for the consumers by promising to use a cost-based regulation in

case of disagreement. The smallest firm gets the highest profit if the disagreement outcome is

full regulation. The preferences of the largest firm and the government thus align but seem to be

detrimental for entry.

In the above sentence the word ‘promising’ is chosen deliberately because the government faces a

commitment problem. As long as the firms bargain while believing that the disagreement outcome

is cost-based regulation, their decisions lead to a higher consumer surplus then any other believe

about the disagreement outcome. But if negotiations would fail then the government can do no

better then to impose a full regulation scheme (see section 4.3.1). The bargaining outcome is less

consumer-friendly if firms think the government can not credibly commit. A possible solution are

the information requirements to impose a regulation. Whenever the government wants to impose

a full regulation system it needs information about demand elasticities, cost functions, etc.. Such

an information must be provided by the firms when they appeal for mediation. To commit more

credibly to partial regulation the government can require less information from the firms that want

to file an appeal.

5 Conclusions

This paper starts from the observation that promoting entry in the telecommunication sector re-

quires finding a solution for the problem of interconnection charges while taking into account that

consumers face a cost to switch between suppliers. A model is developed to look into two pos-

sible ways for a government to deal with the determination of interconnection charges: applying

regulation or delegating this decision to the firms.
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The firms are allowed to have different installed consumer bases which leads to a distinction

between mature and non-mature markets. Both market types are studied under regulation and

under delegation. Various levels of switching costs are introduced and as such the firms have

various corresponding levels of market power. Without switching costs there is no distinction

possible between mature and non-mature markets. The most preferred situation from government

or firm point of view changes depending on the installed base of the firms and on the amount of

market power the firms possess through the switching costs.

In a first step, three different regulatory schemes are considered. The schemes are full regulation,

which corresponds to Ramsey pricing and two partial regulation case: imposing a bill-and-keep

system or imposing a cost-based access charge. A first preliminary result is that under full regulation

the access charge can be used as a profit transfer mechanism between the firms. This results

provided me with a simplification of the full regulation optimization problem and allowed me to

determine a unique Ramsey price which is independent from the switching costs and from the

installed base. The rest of the results are obtained using numerical calculations as asymmetries in

installed bases prevent me from obtaining closed form analytical solutions. The calculations let me

determine the preferences of both the firms and the government.

In a regulated market where both firms have a positive installed base and/or consumers are

locked in, the government prefers to impose a full regulatory system. If full regulation is impossible

to use then the government favors bill-and-keep above the cost-based system. Firms have opposite

preferences: cost-based before bill-and-keep before full regulation. If the market has not matured

yet and regulation is in place the government still prefers a full regulatory system above a bill-and-

keep which in turn is better then a cost-based system. If full regulation is not an option then the

government favors a bill-and-keep system. If entry just occurred the consumers are best of when

the government imposes a cost-based regulation. Under a cost-based system less consumers switch

so that any losses form switching are limited. Looking at the preferences of the firms we see that

the largest firm prefers a cost-based regulation while the smallest favors the bill-and-keep system.

In a second step, the power to determine the access charges is delegated. The charges are

determined through bargaining between the firms. If the bargaining process fails the government

steps in and imposes a disagreement outcome. The possible outcomes a government can impose,

are the three regulatory schemes discussed above. The preferences over these disagreement options

are again determined.

The results for the delegation cases in both a mature and a non-mature market provide some

interesting new insights. First, delegating decision power over the termination charges in a mature

market not only robs the government of any direct impact on the market process but also of

any possible influence through the disagreement outcomes. The access charges and prices chosen

by the firms are independent of any disagreement outcome. The firms will collude and divide

the monopoly profits. Second, allowing for delegation in a non-mature market aligns the interest

of the government with those of the largest firm in the market, both prefer to have a cost-based

disagreement outcome. The smallest firm prefers to enter the arena under threat of a full regulatory
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scheme. One can thus wonder if promising to impose a cost-based access charge is entry enhancing.
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A Proof lemma 1

I will prove the lemma 1 by showing that it is possible to find at least one value for the set (a1, a2)

for the different possible cases to obtain .π1 ≥ 0 and π2 ≥ 0 when we know that the constraint

π1 + π2 ≥ 0 is satisfied.

Proof. For the ease of notation let me define:

A1 ≡ α1 [(p
∗ − c)q(p∗)− f ]− F ,

A2 ≡ α2 [(p
∗ − c)q(p∗)− f ]− F ,

B ≡ α2α1q(p
∗)(a1 − a2).

which implies that the profit functions can be written as

π1 ≡ A1 +B and π2 ≡ A2 −B, (19)

and the budget constraint as

π1 + π2 ≡ A1 +A2 ≥ 0. (20)

Due to the satisfied constraint (20) I can distinguish a number of cases.

Case 1 A1 ≥ 0 and A2 ≥ 0.

Choose a1 − a2 = 0 so that B = 0, satisfies π1 ≥ 0 and π2 ≥ 0. Choosing both a1 and a2 equal to

zero is the choice that involves no money transfer.

Case 2 A1 ≥ 0 and A2 < 0 with A1 ≥ |A2|.

Choose a1 − a2 so that

π1 ≡ A1 +B ≥ 0 ⇒ a1 − a2 ≥
−A1

α2α1q(p∗)

and

π2 ≡ A2 −B ≥ 0 ⇒ a1 − a2 <
A2

α2α1q(p∗)
.

Thus,
−A1

α2α1q(p∗)
≤ a1 − a2 <

A2

α2α1q(p∗)
< 0,

or, limiting the money transfer

a1 = 0 and
−A2

α2α1q(p∗)
= a2.

Case 3 A1 < 0 and A2 ≥ 0 with A2 ≥ |A1|.

Choose a1 − a2 so that

0 <
−A1

α2α1q(p∗)
≤ a1 − a2 <

A2

α2α1q(p∗)
,
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or, limiting the money transfer

−A1

α2α1q(p∗)
= a1 and a2 = 0.

Note that the case with Ai ≥ 0 and Aj < 0 with Ai < |Aj | does not exist because constraint 20 is

satisfied.

B Proof proposition 1

Proof. Faced with the optimization problem in equation (14) subject to (15) I can write the

following Lagrange-function:

£ (p1, p2) = CS (p1, p2) + φ {α1 [(p1 − c)q(p1)− f ] + α2 [(p2 − c)q(p2)− f ]− 2F} , (21)

with φ the Lagrange multiplier. The first order conditions for this optimization are given by

∂£ (p1, p2)

∂p1

= α0

1

∂cs1 (p1, p2)

∂p1

+ α0

2

∂cs2 (p1, p2)

∂p1

+ φ
∂α1

∂p1

[(p1 − c)q(p1)− f ]

+ φ

{

α1

[

q (p1) + (p1 − c)
∂q (p1)

∂p1

]

+
∂α2

∂p1

[(p2 − c)q(p2)− f ]

}

= 0 (22)

∂£ (p1, p2)

∂p2

= α0

1

∂cs1 (p1, p2)

∂p2

+ α0

2

∂cs2 (p1, p2)

∂p2

+ φ
∂α2

∂p2

[(p2 − c)q(p2)− f ] +

φ

{

α2

[

q (p2) + (p2 − c)
∂q (p2)

∂pt
2

]

+
∂α2

∂p2

[(p2 − c)q(p2)− f ]

}

= 0 (23)

∂£ (p1, p2)

∂φ
= α1 [(p1 − c)q(p1)− f ] + α2 [(p2 − c)q(p2)− f ]− 2F ≥ 0 (24)

φ ≥ 0 (25)

φ
∂£ (p1, p2)

∂p2

= 0 (26)

In equilibrium the budget constraint (24) will be binding, which allows φ > 0 and makes sure that

constraint (26) is satisfied. Taken into account that α1 = 1− α2 and defining A ≡ (p2 − c)q(p2)−
(p1 − c)q(p1) constraint (24) can be written as

α2(−A) = (p1 − c)q(p1)− f − 2F , (27)

or as

α1A = (p2 − c)q(p2)− f − 2F . (28)
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Defining B ≡ λ11λ12α
0
1
+ λ22λ21α

0
2
, first order condition (22) is equal to

− q(p1)α1 + φ

[−q(p1)

ρ
B

]

[(p1 − c)q(p1)− f ]

+ φα1

[

q(p1)− q(p1)η
p1 − c

p1

]

+ φ

[

q(p1)

ρ
B

]

[(p2 − c)q(p2)− f ] = 0,

which can be simplified to

φ

{

1

ρ

BA

α1

+ 1− η
p1 − c

p1

}

= 1. (29)

Substituting equation (28) into equation (29) then gives

φ

{

1

ρ

BA2

(p2 − c)q(p2)− f − 2F
+ 1− η

p1 − c

p1

}

= 1. (30)

Starting from the first order condition (23) and substituting equation (27) I find in an analogue

way

φ

{

1

ρ

B [−A]2
(p1 − c)q(p1)− f − 2F

+ 1− η
p2 − c

p2

}

= 1. (31)

Subtracting equations (31) from (30) gives me the following expression

B =
ρη [(p1 − c)p2 − (p2 − c)p1] [(p2 − c)q(p2)− f − 2F ] [(p1 − c)q(p1)− f − 2F ]

A2(−A) (32)

Substituting the expression (32) in (30) and (31) gives

φ

{

η [(p1 − c)p2 − (p2 − c)p1] [(p1 − c)q(p1)− f − 2F ]

−A + 1− η
p1 − c

p1

}

= 1, (33)

and

φ

{

η [(p2 − c)p1 − (p1 − c)p2] [(p2 − c)q(p2)− f − 2F ]

A
+ 1− η

p2 − c

p2

}

= 1. (34)

From equations (33) and (34) it is easy to derive that p1 = p2 = pR and substituting this equality

into either equation (27) or (28) gives (λ11α
0
1
+λ21α

0
2
)0 = (pR−c)q(pR)−f−2F . This proves that the

solution for the optimization problem is the lowest price pR that satisfies (pR−c)q(pR)−f−2F = 0.

C Results Numerical Analysis.
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Table 9: Results when Ramsey prices are imposed.

α0
1

µ aR
1

aR
2

αR
1

αR
2

πR
1

πR
2

CSR WR

0,5 0 0 0 0,5000 0,5000 0 0 4,3899 4,3899
0,5 0 0 0,5000 0,5000 0 0 4,1708 4,1708
1 0 0 0,5000 0,5000 0 0 4,0100 4,0100
1,5 0 0 0,5000 0,5000 0 0 3,8981 3,8981
2 0 0 0,5000 0,5000 0 0 3,8236 3,8236
2,5 0 0 0,5000 0,5000 0 0 3,7756 3,7756
3 0 0 0,5000 0,5000 0 0 3,7453 3,7453

0,75 0 0 0 0,5000 0,5000 0 0 4,3899 4,3899
0,5 0 0 0,5612 0,4388 0 0 4,1708 4,1708
1 0 0 0,6155 0,3845 0 0 4,0100 4,0100
1,5 0 0 0,6588 0,3412 0 0 3,8981 3,8981
2 0 0 0,6904 0,3096 0 0 3,8236 3,8236
2,5 0 0 0,7121 0,2879 0 0 3,7756 3,7756
3 0 0 0,7263 0,2737 0 0 3,7453 3,7453

1 0 0 0 0,5000 0,5000 0 0 4,3899 4,3899
0,5 0 0 0,6225 0,3775 0 0 4,1708 4,1708
1 0 0 0,7311 0,2689 0 0 4,0100 4,0100
1,5 0 0 0,8176 0,1824 0 0 3,8981 3,8981
2 0 0 0,8808 0,1192 0 0 3,8236 3,8236
2,5 0 0 0,9241 0,0759 0 0 3,7756 3,7756
3 0 0 0,9526 0,0474 0 0 3,7453 3,7453
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Table 10: Bargaining Results with Ramsey prices as disagreement outcome.

α0
1

µ aF
1

aF
2

pF
1

pF
2

αF
1

αF
2

πF
1

πF
2

CSF WF

0,5 0 1,3400 1,3400 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 3,3681 3,6531
0,5 1,2716 1,2716 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 3,1490 3,4340
1 1,0965 1,0965 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 2,9882 3,2732
1,5 0,8801 0,8801 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 2,8764 3,1614
2 0,6788 0,6788 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 2,8019 3,0869
2,5 0,5197 0,5196 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 2,7539 3,0388
3 0,4060 0,4060 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 2,7236 3,0085

0,75 0 1,3400 1,3400 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 3,3681 3,6531
0,5 1,1010 1,5129 5,3304 4,6685 0,5403 0,4597 0,1461 0,1385 3,1464 3,4311
1 0,8328 1,6186 5,6440 4,3532 0,5806 0,4194 0,1496 0,1340 2,9784 3,2620
1,5 0,5812 1,6810 5,9293 4,0780 0,6198 0,3802 0,1530 0,1291 2,8554 3,1376
2 0,3707 1,7216 6,1806 3,8618 0,6550 0,3450 0,1563 0,1243 2,7673 3,0479
2,5 0,2046 1,7465 6,3909 3,7100 0,6841 0,3159 0,1592 0,1200 2,7051 2,9843
3 0,0787 1,7568 6,5561 3,6162 0,7062 0,2938 0,1616 0,1165 2,6620 2,9401

1 0 1,3400 1,3400 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 3,3681 3,6531
0,5 0,9867 1,8418 5,6568 4,3344 0,5797 0,4203 0,1493 0,1342 3,1390 3,4225
1 0,7413 2,5515 6,2679 3,6989 0,6556 0,3444 0,1546 0,1248 2,9502 3,2297
1,5 0,5745 3,5548 6,8108 3,1213 0,7245 0,2755 0,1586 0,1148 2,7984 3,0719
2 0,4648 4,9676 7,2762 2,6156 0,7842 0,2158 0,1617 0,1049 2,6786 2,9453
2,5 0,3979 6,9608 7,6781 2,1850 0,8338 0,1662 0,1642 0,0956 2,5847 2,8445
3 0,3654 9,7679 8,0323 1,8268 0,8738 0,1262 0,1666 0,0870 2,5109 2,7644

32



Table 11: Results when ac0 = 0, 2 is imposed.

α0
1

µ pc0
1

pc0
2

αc0
1

αc0
2

πc0
1

πc0
2

CSc0 W c0

0,5 0 3,2636 3,2636 0,5000 0,5000 0,1330 0,1330 3,6692 3,9352
0,5 3,3255 3,3255 0,5000 0,5000 0,1339 0,1339 3,4362 3,7040
1 3,5009 3,5009 0,5000 0,5000 0,1361 0,1361 3,2375 3,5098
1,5 3,7576 3,7576 0,5000 0,5000 0,1386 0,1386 3,0744 3,3515
2 4,0457 4,0457 0,5000 0,5000 0,1404 0,1404 2,9473 3,2281
2,5 4,3150 4,3150 0,5000 0,5000 0,1415 0,1415 2,8542 3,1373
3 4,5343 4,5343 0,5000 0,5000 0,1421 0,1421 2,7897 3,0739

0,75 0 3,2636 3,2636 0,5000 0,5000 0,1330 0,1330 3,6692 3,9352
0,5 3,4159 3,2134 0,5506 0,4494 0,1488 0,1189 3,4365 3,7041
1 3,6546 3,2646 0,5991 0,4009 0,1650 0,1067 3,2388 3,5104
1,5 3,9423 3,4096 0,6429 0,3571 0,1798 0,0964 3,0768 3,3530
2 4,2293 3,6360 0,6789 0,3211 0,1917 0,0883 2,9501 3,2301
2,5 4,4738 3,9152 0,7054 0,2946 0,2003 0,0823 2,8564 3,1390
3 4,6575 4,2003 0,7230 0,2770 0,2057 0,0782 2,7910 3,0750

1 0 3,2636 3,2636 0,5000 0,5000 0,1330 0,1330 3,6692 3,9352
0,5 3,4857 3,0790 0,6006 0,3994 0,1633 0,1037 3,4373 3,7044
1 3,7360 2,9335 0,6944 0,3056 0,1922 0,0775 3,2419 3,5115
1,5 3,9968 2,8238 0,7761 0,2239 0,2175 0,0556 3,0824 3,3555
2 4,2454 2,7443 0,8427 0,1573 0,2381 0,0383 2,9577 3,2342
2,5 4,4613 2,6887 0,8936 0,1064 0,2537 0,0256 2,8647 3,1440
3 4,6327 2,6511 0,9303 0,0697 0,2647 0,0166 2,7987 3,0799
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Table 12: Bargaining Results when ac0 = 0.2 is imposed as disagreement outcome.

α0
1

µ aC
1

aC
2

pC
1

pC
2

αC
1

αC
2

πC
1

πC
2

CSC WC

0,5 0 1,3400 1,3400 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 3,3681 3,6531
0,5 1,2716 1,2716 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 3,1490 3,4340
1 1,0965 1,0965 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 2,9882 3,2732
1,5 0,8801 0,8801 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 2,8764 3,1614
2 0,6788 0,6788 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 2,8019 3,0869
2,5 0,5196 0,5196 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 2,7539 3,0388
3 0,4060 0,4060 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 2,7236 3,0085

0,75 0 1,3400 1,3400 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 3,3681 3,6531
0,5 1,2547 1,3291 5,0577 4,9381 0,5575 0,4425 0,1575 0,1275 3,1484 3,4334
1 1,1014 1,2189 5,0908 4,8969 0,6104 0,3896 0,1717 0,1133 2,9863 3,2712
1,5 0,9174 1,0354 5,0930 4,8915 0,6547 0,3453 0,1842 0,1008 2,8734 3,1583
2 0,7348 0,8233 5,0722 4,9160 0,6882 0,3118 0,1942 0,0908 2,7988 3,0838
2,5 0,5762 0,6291 5,0448 4,9492 0,7112 0,2888 0,2015 0,0835 2,7516 3,0366
3 0,4525 0,4790 5,0231 4,9742 0,7260 0,2740 0,2063 0,0787 2,7223 3,0072

1 0 1,3400 1,3400 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 3,3681 3,6531
0,5 1,2766 1,4366 5,1148 4,8669 0,6146 0,3854 0,1723 0,1126 3,1466 3,4315
1 1,2490 1,5659 5,1940 4,7424 0,7189 0,2811 0,1999 0,0850 2,9796 3,2645
1,5 1,2603 1,7271 5,2314 4,6549 0,8056 0,1944 0,2235 0,0613 2,8610 3,1458
2 1,3115 1,9165 5,2305 4,6231 0,8718 0,1282 0,2424 0,0424 2,7822 3,0669
2,5 1,3969 2,1217 5,2013 4,6477 0,9187 0,0813 0,2565 0,0283 2,7335 3,0184
3 1,5003 2,3195 5,1577 4,7095 0,9497 0,0503 0,2665 0,0184 2,7058 2,9907
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Table 13: Results when a0 = 0 is imposed.

α0
1

µ p0
1

p0
2

α0
1

α0
2

π0
1

π0
2

CS0 W 0

0,5 0 2,9777 2,9777 0,5000 0,5000 0,1278 0,1278 3,7382 3,9938
0,5 3,0308 3,0308 0,5000 0,5000 0,1289 0,1289 3,5057 3,7635
1 3,1817 3,1817 0,5000 0,5000 0,1317 0,1317 3,3082 3,5717
1,5 3,4038 3,4038 0,5000 0,5000 0,1350 0,1350 3,1463 3,4162
2 3,6547 3,6547 0,5000 0,5000 0,1377 0,1377 3,0199 3,2953
2,5 3,8911 3,8911 0,5000 0,5000 0,1395 0,1395 2,9269 3,2059
3 4,0848 4,0848 0,5000 0,5000 0,1406 0,1406 2,8622 3,1434

0,75 0 2,9777 2,9777 0,5000 0,5000 0,1278 0,1278 3,7382 3,9938
0,5 3,1317 2,9105 0,5481 0,4519 0,1423 0,1153 3,5057 3,7633
1 3,3636 2,9254 0,5947 0,4053 0,1579 0,1047 3,3083 3,5709
1,5 3,6451 3,0143 0,6373 0,3627 0,1729 0,0957 3,1459 3,4145
2 3,9332 3,1692 0,6733 0,3267 0,1858 0,0884 3,0174 3,2916
2,5 4,1863 3,3725 0,7008 0,2992 0,1955 0,0827 2,9209 3,1991
3 4,3811 3,5908 0,7197 0,2803 0,2022 0,0786 2,8524 3,1333

1 0 2,9777 2,9777 0,5000 0,5000 0,1278 0,1278 3,7382 3,9938
0,5 3,2126 2,7716 0,5957 0,4043 0,1553 0,1015 3,5058 3,7625
1 3,4705 2,5966 0,6856 0,3144 0,1822 0,0777 3,3081 3,5680
1,5 3,7412 2,4529 0,7649 0,2351 0,2070 0,0573 3,1441 3,4083
2 4,0097 2,3392 0,8309 0,1691 0,2283 0,0408 3,0119 3,2809
2,5 4,2580 2,2527 0,8828 0,1172 0,2454 0,0280 2,9092 3,1826
3 4,4705 2,1898 0,9215 0,0785 0,2584 0,0186 2,8327 3,1097
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Table 14: Bargaining Results when a0 = 0 is imposed as disagreement outcome.

α0
1

µ aB
1

aB
2

pB
1

pB
2

αB
1

αB
2

πB
1

πB
2

CSB WB

0,5 0 1,3400 1,3400 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 3,3681 3,6531
0,5 1,2716 1,2716 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 3,1490 3,4340
1 1,0965 1,0965 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 2,9882 3,2732
1,5 0,8801 0,8801 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 2,8764 3,1614
2 0,6788 0,6788 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 2,8019 3,0869
2,5 0,5197 0,5197 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 2,7539 3,0388
3 0,4060 0,4060 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 2,7236 3,0085

0,75 0 1,3400 1,3400 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 3,3681 3,6531
0,5 1,2359 1,3521 5,0905 4,9037 0,5553 0,4447 0,1561 0,1289 3,1481 3,4331
1 1,0711 1,2659 5,1515 4,8303 0,6070 0,3930 0,1692 0,1157 2,9851 3,2700
1,5 0,8843 1,1016 5,1725 4,8021 0,6513 0,3487 0,1812 0,1037 2,8709 3,1558
2 0,7051 0,8974 5,1577 4,8192 0,6856 0,3144 0,1912 0,0937 2,7954 3,0803
2,5 0,5524 0,6982 5,1240 4,8609 0,7096 0,2904 0,1989 0,0860 2,7477 3,0326
3 0,4341 0,5360 5,0893 4,9023 0,7251 0,2749 0,2043 0,0807 2,7186 3,0036

1 0 1,3400 1,3400 5,0000 5,0000 0,5000 0,5000 0,1425 0,1425 3,3681 3,6531
0,5 1,2417 1,4888 5,1789 4,7964 0,6103 0,3897 0,1695 0,1153 3,1453 3,4302
1 1,1939 1,6918 5,3095 4,6019 0,7118 0,2882 0,1949 0,0897 2,9751 3,2597
1,5 1,2007 1,9559 5,3821 4,4540 0,7978 0,2022 0,2174 0,0670 2,8520 3,1364
2 1,2690 2,2865 5,3972 4,3827 0,8653 0,1347 0,2363 0,0481 2,7690 3,0534
2,5 1,3998 2,6734 5,3624 4,3974 0,9142 0,0858 0,2512 0,0333 2,7183 3,0028
3 1,5833 3,0864 5,2958 4,4854 0,9473 0,0527 0,2623 0,0223 2,6910 2,9757
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