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Abstract 
 

Both senders and receivers of telecommunications messages derive benefits from 
those messages.  Hence, consumers’ decisions to send and receive messages 
generate external effects for each other.  When a sender and a receiver are both 
customers of a single carrier, that carrier has incentives to internalize these 
effects.  We explore the use of an access charge (whereby the sender’s carrier 
compensates the receiver’s carrier for completing the message exchange) to 
induce carriers to internalize these external effects when a sender and receiver are 
customers of different carriers.  We find that an access charge can induce 
constrained-efficient sending and receiving prices for exchanging messages 
across networks taking the sum of these prices as given, but the access charge 
cannot induce the correct sum.  We also show that the internalizing role for the 
access charge can imply a non-zero access charge is efficient even in highly 
symmetrical situations, and that the efficient access charge may be positive or 
negative. 
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I. INTRODUCTION  

The benefits from subscribing to a communications network derive from being able to 

exchange messages with other parties.  The interconnection of distinct networks allows users to 

communicate with a large community of users without the need for carriers to duplicate one and 

others’ networks.  Interconnection can thus significantly affect efficiency and market structure.  

Consequently, rules regarding the terms of interconnection constitute one of the most important 

areas of public policy concerning telecommunications markets.1  A critical subset of these rules 

applies to pricing.  When the sender and receiver of a message are customers of two different 

carriers, questions arise as to whether one carrier should pay the other for its role in facilitating 

the message exchange.  Public policies regarding such intercarrier compensation have been very 

contentious in both the United States and Europe.  As we will discuss, one source of that 

contentiousness has been the lack of sound theoretical underpinnings for the choice of 

intercarrier compensation rates.
 

Consumption of communications services (e.g., talking on the phone, exchanging e-

mails, sharing files, or holding a video conference) generally involves a sender and receiver, 

both of whom take actions, bear costs, and derive benefits.2  Until very recently, almost all 

theoretical work on interconnection pricing ignored the benefits enjoyed by the receiving party.3  

This treatment typically was justified by assuming either that the receiving party enjoys no 

benefits from a message exchange or that the effects between two parties are internalized. The 

                                                 

1  For a discussion of some of the policy issues, see Federal Communications Commission (2005). 
2  The fact that multiple parties consume a single message gives rise to external effects.  See Hermalin and 

Katz (2001b), Laffont and Tirole (2000), and Taylor (1994, Chapter 9) for surveys of telecommunications 
externalities. 

3  Leading analyses without receiver benefits include Armstrong (1998) and Laffont et al. (1998a and b). 

 



first assumption clearly is unrealistic. Were it correct, we would never answer the telephone or 

read our e-mail. The second assumption is applicable only to situations in which either the two 

parties are altruistic with respect to one another or have a repeated relationship.4 

Recognition that both sender and receiver enjoy benefits has important implications for 

efficient pricing to end users.5  These, in turn, have further implications for the efficient pricing 

of interconnection.  In the absence of receiver benefits, the sender can be viewed as the “cost 

causer.”  This view suggests that the receiver’s network should recover its message costs from 

the sender, either directly by billing the sender, or indirectly by billing the sender’s carrier (i.e., 

by levying an access charge).  Traditional pricing of long-distance telephone calls reflects this 

perspective—the party initiating a call typically is the only one charged for it.  Similarly, many 

countries other than the United States have calling-party-pays pricing for mobile telephony.  

That is, when a party calls a mobile phone user, the calling party’s carrier is charged a fee by the 

receiver’s carrier, and this fee is passed on to the calling party, while the called party does not 

pay.  The view that the originating carrier is purchasing services from the terminating carrier also 

forms the basis for telecommunications policy in the United States.  According to the Federal 

Communications Commission, “under the existing regimes, the calling party’s carrier … 

compensates the called party’s carrier for terminating the call.”6, 7 

                                                 

4  Loosely speaking, Willig (1979, pages 124–25) shows that, if sending a message triggers a set number of 
incoming messages, then receiver benefits will be internalized in the demand for sending messages.  
Hermalin and Katz (2001b, §3.5) develop a simple game-theoretic model in which users can (partially) 
internalize external benefits by engaging in tit-for-tat message initiation. 

5  For a discussion of the earlier literature on retail pricing in the presence of two-sided benefits, see 
Hermalin and Katz (2004) and references therein. 

6  Federal Communications Commission (2005).   
7  A recent draft decision of the European Commission (undated, ¶14) acknowledges that both parties to a 

call enjoy benefits from the message exchange but then largely ignores the implications of that fact. 
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In the presence of receiver benefits, the standard rationale for access charges—that the 

calling party is the “cost causer”—makes little sense.  One could just as well assert that the 

receiver causes the costs by accepting the message.8  Instead of viewing the originating carrier as 

a customer purchasing terminating access services, one could just as well think of the 

terminating carrier as purchasing origination services.   It is better, however, to think of each 

carrier as providing a service that is complementary to the other.   An important implication of 

this reframing of the transaction in this way is that there is no a priori reason to believe that it is 

efficient for the calling party’s carrier to compensate the called party’s carrier for terminating the 

call. 

In the present paper, we examine the structure of an efficient inter-carrier compensation 

regime recognizing that both senders and receivers benefit from electronic message exchange.  

Our analysis proceeds as follows.  We first characterize the socially optimal end-user prices in 

the presence of two-sided benefits, and we extend the literature (specifically, Hermalin and Katz, 

2004, and Laffont et al., 2003) by allowing for hookup fees (i.e., fixed charges for network 

subscribership).  Because prices can play a role in internalizing external effects across the two 

parties to a message exchange, it is inefficient to have one party bear the full marginal costs of 

exchanging a message, as under the calling-party-pays model.  Indeed, the efficient send and 

receive prices generally sum to less than marginal cost. 

                                                 

8  In the document quoted in the text, the Federal Communications Commission went on to say that 
“Developments in the ability of consumers to manage their own telecommunications services undermine 
the premise that the calling party is the sole cost causer and should be responsible for all the costs of a 
call.”  Although the Commission is correct that is invalid to presume that the calling party is the sole cost 
causer, this fact has nothing to do with recent developments. 
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We then explore the relationship between access charges and equilibrium end-user prices.  

A network operator has incentives to implement efficient, below-cost send and receive prices 

when it is able to capture some or all of the increased consumption benefits in the form of higher 

network subscription fees.  If a sender and receiver subscribe to the same network (a situation 

known as on-net message exchange), then the network operator is able to capture at least some 

of the incremental benefits associated with internalizing what would otherwise be consumption 

externalities across the two end users.  In our model, in which the capture is complete, the 

network operator sets the send and receive prices for on-net calling at their efficient levels.  

However, if the sender and receiver are on different networks (a situation known as off-net 

message exchange), then the benefits from subsidizing one side of a message exchange accrue, 

in part, to a subscriber on another network.  When each network operator can collect revenues 

solely from its own subscribers (as is typically the case) and there is no other coordination or 

internalization mechanism across networks, there is no way for a network operator to benefit 

from internalizing the externalities associated with off-net message exchange.9  Hence, each 

network sets its off-net prices to maximize the sum of the net benefits enjoyed by the network 

operator and subscribers to its network.  The resulting prices are set equal to marginal cost, 

where marginal cost includes any access charge payments or receipts.  In summary, network 

operators in our model set the prices for on-network message exchange at efficient levels, but set 

the prices for off-net message exchange inefficiently high.  Consequently, what Laffont, Rey, 

and Tirole (1998b) label tariff-mediated network effects arise. 

                                                 

9  In a more general model, it is conceivable that a carrier’s subsidizing subscribers to a rival carrier would so 
increase the number of end users connected to the overall network that the value of the subsidizing 
carrier’s own service would rise by enough to make the subsidy profitable.  Intuitively, such effects are 
unlikely to be significant when there are several different interconnected carriers. 
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We show below that the use of access charges cannot induce off-net efficiency except in 

a constrained sense.  An increase in the access charge lowers the equilibrium price for receiving 

an off-net message, but it raises the price of sending one.  The sum of these prices remains equal 

to the sum of the marginal costs, which is inefficiently high in the presence of two-sided 

benefits.  One might suspect that access charges would be irrelevant in this setting.  However, as 

we show, access charges still can have efficiency effects by affecting the allocation of marginal 

cost between the end-user prices for sending and receiving messages across networks.   We show 

that, even in what appear to be very symmetrical situations, a non-zero access charge can be 

efficient.  In stark contrast to analyses that ignore receiver benefits, we show that the optimal 

access charge can be positive or negative. 

The remainder of the paper is organized as follows.  Section II describes the model, and 

Section III characterizes end-user prices.  Sections IV characterizes the equilibrium outcome 

taking the access charge as given.  The results of this analysis are then used in Section V to 

derive the optimal access charge.  Section VI describes the relationship between the present 

paper and previous work on access charges in the presence of two-sided benefits.  The paper 

closes with a short summary. 

II. A MODEL 

We model communication between different end users as a message exchange.  A 

message might be a telephone call, a paging message, an SMS message, a data file, or an e-mail.  

One party initiates the communication (e.g., places a phone call) and the other party accepts it 

(e.g., answers the phone). We refer to the initiator as the sender and the acceptor as the receiver. 

When message exchange generates benefits and costs for both parties, there are important 

differences between situations in which either party can initiate a message exchange (“two-way 
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calling”) and those in which only one party can do so (“one-way calling”).  Our analysis, like the 

rest of the literature on intercarrier compensation with two-sided benefits, is restricted to one-

way calling models. 

One-way calling has several interpretations.  One is that message origination is literally 

one-sided.  Many telecommunications technologies, such as paging and pay phones are in-

herently one-way technologies.  Other technologies are two way, but in many instances only one 

of the two parties knows there is value in communicating.  For instance, A could wish to 

announce some news to B.  Alternatively, A could be a consumer calling a pizza parlor, B, to 

order a pie.  Or, A could be an end user establishing a dial-up connection with her Internet 

service provider, B.  In such situations, it is reasonable to view only one of the two parties as the 

potential message initiator.  Other situations, in which the parties both know there’s a value to 

communicating and it is technically feasible for either party to initiate a message exchange, are 

two-way calling situations.10 

There are two networks, 1 and 2, which supply communication services that are 

homogenous except for any network effects.  A network incurs cost c to originate or terminate a 

                                                 

10  An alternative interpretation of the distinction between one-way and two-way calling models is the 
following.  With a two-way technology, if a message costs more to send than receive, then a party may 
strategically delay sending a message in anticipation that the other party will initiate the exchange instead.  
For cheaply priced messages, this type of strategic behavior may be implausible, and the situation can be 
approximated by one-way calling model in which a party sends message whenever her expected value of 
message exchanges exceeds the price she must pay.  There is, however, a vexing modeling issue.   Suppose 
that send prices are greater than receive prices.  Then a carrier might increase its subscribers’ welfare by 
raising its off-net send price so that a subscriber would be the receiver a greater percentage of the time.  
Would a non-strategic end user recognize such effects?  And if not, how would he or she evaluate 
alternative networks when making subscription decisions?  One possibility would be for end users to have 
long- and short-run selves, but this sort of modeling goes well beyond the scope of the present paper. 

 6



message, and the incremental cost of a message exchange is thus 2c regardless of the identities of 

the originating and terminating networks.11 

Network i offers a multipart tariff with a fixed hookup fee, , and a set of traffic-

sensitive charges.  Let  denote the retail price charged to a user on network i who sends a 

message to a user on network j.  We refer to  as the on-net send price when i = j and the off-

net send price when 

ih

ijp

ijp

ji ≠ .  Define the receive prices, , as the price charged to a user on 

network i who receives a message from a user on network j.  Henceforth, it is to be understood 

that i ≠ j, so that, for example,  and  denote the on-net and off-net send prices, 

respectively, charged by network i. 

ijr

iip ijp

There are ∞<N  end users who are potential subscribers to the two carriers.  A given 

end user subscribes to the services of at most one carrier.  Any given user, k, has probability λ of 

wanting to initiate a message exchange with any other end user, l.  We assume that λ is 

independent of k and l.  Given this assumption, there is no further loss of generality from setting 

λ = 1, which simplifies the notation below.  Let ω  denote the value of a message sent or 

received, and let )(ωψ  denote the density for the value of message exchange conditional on the 

sender’s wanting to initiate a message exchange.12  We assume that the values of message 

exchange are distributed independently across potential exchange partners.  Without loss of 

                                                 

11  As will become evident below, the model readily generalizes to settings in which: (a) the marginal costs of 
origination and termination differ, and (b) there is an additional marginal cost of intermediate transport. 

12  Alternatively, one could define ω as the expected value of message exchange because the realized (ex post) 
value of a message could be unknown ex ante; that is, sender and receiver could each learn, after message 
exchange, that the actual value of a message was different than they expected when they chose to send and 
receive the message.  See Hermalin and Katz (2004) for a discussion.  In the context of the present paper, 
the distinction between ex ante and ex post values is unimportant, and one can adopt either interpretation. 
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generality, we normalize message values so that the support of ( )⋅ψ  has an infimum of 0.  To 

avoid trivial cases, we assume throughout that the supremum of the support of ( )⋅ψ  exceeds c 

and that the mean value of ω is less than 2c. 

Define .  D(q) is the probability that a user’s expected value of a 

message exchange exceeds q.  D(p) is the probability that any given end user will wish to call 

any other particular end user when the send price is p, and D(r) is the probability that any given 

end user will wish to receive a call from any other given end user when the receive price is r.  

Next, define .  S(q) is the expected surplus of a message (sent or 

received) for which the user pays q.  Lastly, define M(q) as the mean of ω conditional on 

∫
∞

≡
q

dqD ωωψ )()(

∫
∞

−≡
q

qq ωψω ()()( dS ω)

q≥ω and observe that: 

q
qD
qSqM +=

)(
)()(  .     (1) 

Each user is motivated only by his or her private net benefits, and income effects are 

assumed to be zero.  An end user who subscribes to network i enjoys expected surplus 

 ( ) ( )ijjiiiiiijjijiiiii rSnrSpDnpSrDnpSrDn −jipD ih++++ )())()()()()()( (τ ,  (2) 

where τ  is the non-network component of the consumer’s willingness to pay and is the 

number of subscribers to network k.  The terms in large parentheses are the expected surplus 

from initiating and receiving calls, respectively.  

kn

τ  is the standalone value to the carrier’s 

service, which may be positive or negative.  A positive standalone value could represent the 

benefits of having access to emergency services, such as when one dials 911 in the United States 

or 999 in the United Kingdom.  Negative values can correspond to the opportunity cost of time 

spent subscribing to the network or the costs of any equipment that an end user has to purchase 
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to make use of the network.  One can also interpret τ and the linear network effects as an affine 

approximation to a concave network benefit function.   

Define as the value of )(nT τ  for the end user with the nth highest value.  That is, there 

are n end users for whom )(nT≥τ .  For convenience, we treat n as a continuous variable.  We 

assume that: (a) and 0) <(′ nT 0)( <′′ nT for all n, and (b)  as −∞↓)(nT Nn ↑ . 

 We examine the pure strategy equilibria of the following game: 

• The access charge, a, that carrier i must pay to carrier j for each message that originates 

on i and terminates on j is specified.  We assume that the access charge is the same for 

both carriers (i.e., it is a symmetric reciprocal compensation scheme).  We analyze the 

choice of access charge made by a total-surplus-maximizing regulator and by the carriers 

themselves.  We observe that, a priori, the socially optimal access charge could be 

negative or positive. 

• Carriers simultaneously choose their numbers of subscribers, 1n and 2n . 

• Given the carriers’ quantity choices, prices adjust to clear the market.  The presence of 

multi-dimensional pricing strategies raises a complication that does not arise in the 

standard Cournot model.13  However, as we show below, there is a strong sense in which 

each carrier’s pricing decision reduces to a single dimension. 

• Having made his or her network subscription decision, each end user chooses whether to 

participate in a message exchange.  We impose a perfection requirement that each 

                                                 

13  For an early use of the Cournot assumption in a model of network effects (with uni-dimensional pricing), 
see Katz and Shapiro (1985). 
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consumer maximizes his or her net benefits in the final stage taking prices and network 

sizes as given. 

III. END-USER PRICES 

Although our focus is on inter-carrier pricing, the welfare consequences of interconnec-

tion charges are mediated through the effects of access pricing on the resulting retail prices 

charged to end users.14  It is thus useful to begin by characterizing certain end-user prices. 

A. Efficient and Constrained-Efficient Prices 

Consider, first, efficient end-user prices.  As will become evident below, because we 

analyze a Cournot model, we can limit our examination of efficient end-user prices to situations 

in which network sizes are given.  Conditional on network subscribership levels, the expected 

surplus realized by an end user who subscribes to network i is given by (2) above. 

 Conditional on network subscribership, the efficient prices are those that maximize 

calling benefits net of costs, or 

        { [ ]∑
=

−+++
2

1
)()()2()()()()(

i
iiiiiiiiiiiiiiiiii rDpDcrppSrDrSpDnn

      [ ] })()()2()()()()( jiijjiijijjijiijj rDpDcrppSrDrSpDn −++++   . 

We assume that the gross benefits of exchange are large enough relative to costs that shutting 

down both networks is not efficient.  Given our assumption that the benefits of exchange are 

bounded below by 0, setting either the send or receive price below 0 offers no efficiency gains; 

hence, we may take these prices as being bounded below by 0. 

                                                 

14  In other settings, intercarrier compensation could also affect network investment decisions.  For analyses, 
see Hermalin and Katz (2006) and Valletti and Cambini (2005). 
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Observe that maximizing total surplus can be divided into four independent maximization 

problems of the form 

max )()()2()()()()( rDpDcrppDrSrDpS −+++ . 

The derivative with respect to the send price is  

)}()2()(){( rDcrprSpD −++′ . 

Because user surplus and demand are positive, the change in welfare due to a marginal 

increase in the send price is negative if crp 2≥+ .  Applying a similar logic to the choice of the 

receive price, it follows that any efficient price pair, say (p*, r*), must satisfy p* + r* < 2c.15    

Intuitively, each end user’s decision to participate in a message exchange generates positive 

expected surplus for the other party to the exchange and below-cost pricing serves to internalize 

this effect.  Because efficient send and receive prices do not cover costs, optimal pricing subject 

to a carrier breakeven constraint entails a strictly positive hookup fee.  End-user homogeneity 

with respect to the distribution of ω  implies that subscribers’ individual rationality constraints 

will be satisfied by efficient pricing. 

We can use equation (1) to rewrite the derivative with respect to the send price as  

}2)(){()(' cprMrDpD −+  .    (3) 

Given an r for which D(r) > 0, an interior solution for p exists if and only if and a 

corner solution of p = 0 exists if and only if .  Intuitively, p is the value of a marginal 

message to the sender who faces price p, and M(r) is the expected gross benefit enjoyed by a 

receiver who accepts the message conditional on its value being greater than r.  Hence, the first-

order condition indicates that, if it is an interior solution, p must be set so that the expected gross 

02)( ≤− crM

crM 2)( >

                                                 

15  This result extends Hermalin and Katz’s (2004) Proposition 1 to the case of multiple networks. 
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consumption benefits of the marginal message, )(rMp + , are equal to the marginal cost, 2c. 16  

Similar considerations apply to the choice of the receive price.17 

 In the Appendix, we prove a further characterization of the efficient prices: 

Proposition 1: Suppose hook-up fees are feasible. 

(i)  If the hazard rate associated with ψ(⋅) is everywhere increasing, then there is a unique 

pair of send and receive prices that maximize total surplus and they satisfy 0 < p* = r* < 

c.18 

(ii) If the hazard rate is constant, then any prices such that )0(20 Mcp −≤≤  and 

p  are socially optimal. Mcr −−= )0(2

(iii) If the hazard rate is everywhere decreasing, then there are two socially optimal price 

pairs: one in which the send price equals 0 and one in which the receive price equals 0.  

In each case, the complementary price equals 2c – M(0) > 0. 

For subsequent analysis, it is also useful to characterize the efficient prices when there is 

a per-message breakeven constraint, p + r = 2c.  In an earlier article, we showed:19 

Hermalin and Katz (2004), Proposition 2: Suppose transaction prices are subject to a 
breakeven constraint.  Consider the hazard rate associated with density ψ(⋅). 

                                                 

1n 2n

16  In a paper written independently of ours, Bolt and Tieman (2005) derive a similar necessary condition for 
the socially optimal prices of a monopolist that is not subject to a profitability constraint and that cannot 
charge a hookup fee. 

17  The arguments in the text above and in the proof of Proposition 1 apply for any  and ; given the 
efficient send and receive prices,  socially optimal pricing entails adjusting the hook-up fee to ensure that 
end users want to subscribe to the networks. 

18  In an insightful paper, Laffont et al. (2003, Proposition 2) derive a similar result but make an error.  They 
do not check the second-order conditions.  Doing so reveals that their first-order condition is neither 
necessary nor sufficient. Consequently, Laffont et al. do not identify possibilities (ii) and (iii). 

19  We have adapted the statement of our original proposition to fit the notation of the current analysis. 
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(i) If the hazard rate is everywhere increasing, then prices that divide the cost of a 
message equally between the sender and receiver (i.e., p = c = r) are the unique 
socially optimal prices. 

(ii) If the hazard rate is constant, then any prices such that 0 ≤  p ≤  2c and pcr −= 2  
are socially optimal. 

(iii) If the hazard rate is everywhere decreasing, then there are two socially optimal 
price pairs: one in which the send price equals 0 and one in which the receive price 
equals 0. In each case, the complementary price is set at 2c. 

These results illustrate the well-known fact that the first- and second-best prices depend 

only on the sum of the origination and termination costs.  Hence, our assumption that the two 

costs are equal is inconsequential. 

Lastly, it is useful to define and cp cr as the prices the maximize the sum of profits and 

consumer surplus that carrier i and its subscribers derive from off-net calling.  Given the 

separability of the sending and receiving programs and the fact that consumer surplus and profits 

are linear in the number of messages exchanged, the prices and cp cr are the solutions to:   

)()()(max pDacppS
p

−−+    

and            
)()()(max rDacrrS

r
+−+  

Assuming that ≤+≤−≤ acac0 sup supp ( )⋅ψ , the solution is readily shown to be 

and .  This finding is an intuitive: a carrier engages in marginal cost 

pricing, which maximizes the net benefits accruing to that carrier and its subscribers while 

ignoring any effects on the rival network and its subscribers.     

acpc += acr c −=

In summary, the efficient send and receive prices take into account the effects on both the 

sender and the receiver and on any carrier involved.  The off-net prices just derived ignore the 
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effects of prices on the welfare of consumers who subscribe to another carrier and on the profits 

of that other carrier.  

B. Market-Clearing Prices 

Given any and , consumers are willing to join the two networks in the 

required numbers if and only if  

01 >n 02 >n

       ( ) ( ) 0)()()()()()()()()( 21 =++−+++ nnThpSrDrSpDnpSrDrSpDn iijjiijjijiiiiiiiii     (4) 

for .  Equation (4) requires that the two networks offer the same level of consumer surplus 

to any subscriber and that the marginal subscriber be indifferent between subscribing to a 

network and forgoing the service entirely.  For 

2,1=i

0=in , the left-hand side of (4) must be less than 

or equal to 0. 

 We have a situation with two equations and ten unknowns, and there are many solutions 

to (4) for any given pair of subscriber levels.  However, as we now show, we can narrow down 

the set of solutions for each firm to a single-parameter family of prices.  Specifically, we show 

that the profit-maximizing send and receive prices are independent of the carriers’ choices of 

subscriber levels.  Because a carrier can use the hookup fee to extract surplus from its 

subscribers, a carrier can fully internalize on-net network effects.   However, because a carrier 

cannot collect revenues from subscribers to its rival’s network, a profit-maximizing carrier does 

not internalize off-net effects (except through the access charge, as discussed below).  

Consequently, a carrier’s profits are always maximized by setting its on-net prices at p* and r* 

and its off-net prices equal to and cp cr : 
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Proposition 2: Given any , , and prices charged by the other network, network i earns 

greater profits charging the market-clearing price vector with on-net prices p* and  r* and off-

net prices pc and rc than it earns charging any other market-clearing prices.

1n 2n

20   

In the light of Proposition 2, we take the market-clearing prices to be those stated in the 

hypothesis of the result.  Thus, as in the standard Cournot model, one can think of there being a 

well-defined pair of market-clearing prices (i.e., the hook-up fees) given any pair of supplier 

output levels.  Given any and , consumers will be willing to join the two networks 

in the required numbers if and only if    

01 >n 02 >n

    )(* 21 nnTwnunh c
jii +++=

for , where  and .  Notice 

that, because off-net prices are set equal to the constant marginal cost, the level of consumer 

surplus derived from off-net calls is equal to the total surplus derived from those calls.  

2,1=i *)(*)(*)(*)(* pSrDrSpDu +≡ )()()()( ccccc pSrDrSpDw +≡

IV. EQUILIBRIUM 

Given , network i chooses  to maximize jn r
in

 { } { }*)(**)(*)()2**( πrij
r
i

c
j

r
i

r
i

r
ii

r
i nnnTununnrDpDcrpnhn ++++=−++  , 

where 0*)(*)()2**(* <−+≡ rDpDcrpπ .21  *π is the amount that an on-net call is subsidized 

times the probability that one on-net end user calls another and has that call answered.  Let  

denote the expected total surplus generated when one end user calls another end user subscribing 

*w

                                                 

20  The prices in the proposition yield network i  strictly greater profits than any other prices whenever there is 
off-net traffic (i.e., as long as both networks  have subscribers and network  j does not set its off-net prices 
so high as to cut-off all off-net message exchange). 
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to the same network; that is, *** π+≡ uw

(* ++ i
c

j nTwn

.  The first-order necessary condition for carrier i’s 

maximization problem is 

  2  ,   (5) 0)() ≤+′++ j
r
i

r
ij

rr
i nnTnnwn

with strict equality if .   0>r
in

 Depending on parameter values, several types of equilibrium may exist.22  We consider 

each, in turn.  

Proposition 3:  There exists a symmetric duopoly equilibrium with positive sales if and only if 

there exists a positive number of subscribers, , such that dN

{ } )}(*{)(0 2
1

2
1 ddd NTwNNT ′+−=≤ * cd wwN ++

0)0('*

 .  (6) 

There exists at most one symmetric equilibrium with positive sales. 

 We can relate the existence of symmetric equilibria with positive sales to simple 

conditions on the distribution of standalone benefits: 

Corollary:  If  and 0)0( >T ≤+Tw , then there exists a symmetric equilibrium with 

positive sales.   If  and 0)0( ≤T 0)0(' ≤+T)*(2
1 +ww c , then there does not exist a symmetric 

equilibrium with positive sales. 

It is readily shown by example that, when 0)0( ≤T  and 0)0(')*(2
1 >++ Tww c , there exists a 

symmetric equilibrium with positive sales for some functional forms but not others. 

 Next, consider the possibility of asymmetric equilibria.  Suppose that only one carrier 

attracts subscribers.  If that network has N subscribers, then its profits are equal 

                                                                                                                                                             

21  There can be multiple values of p* and r* in some cases.  What matters for our analysis, however, is w*, 
which is unique and greater than wc. 

 16



to .  If no N exists for which )}(*{ NTNwN + 0)(* >+ NTNw , then the monopolist can do no 

better than to shut down.  Suppose such an N does exist.  By assumption, there exists some 

NN <0  such that for all .  Hence, one can view the firm as choosing the 

most profitable value of N from the compact interval,  , and an optimum exists by 

application of Weierstrass’s Theorem.   The first-order necessary conditions ( (5) above) for the 

active and inactive carriers are 

0)(* <+ NTNw

2

0N>

],0[ 0N

0)()

N

(* =′++ NTNNTNw and , respectively.  

We have established: 

0)( ≤+ NTNwc

Proposition 4:  There exists a monopoly equilibrium with positive output if and only if there 

exists a number of subscribers, , such that mN c
m

m

w
N
NTw ≥−>

)(* and 

     *2)()( wNT
N
NT m

m

m

=′−−   .  

 Lastly, for some parameter values, asymmetric interior equilibria can exist.   By (5), such 

an equilibrium exists if and only if : 

    )

)

()}(*2{ 212211 nnTwnnnTwn c +−=++′+
and 

      ()}(*2{ 211212 nnTwnnnTwn c +−=++′+

for some .  These two conditions can be satisfied for 21 nn ≠ 21 nn ≠  only if 

      .     (7) )

                                                                                                                                                            

(*2 21 nnTww c +′−=−

 

22  Recall that we examine only pure-strategy equilibria. 
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By the concavity of , (7) is satisfied by at most one value of )(⋅T 21 nn + .  For the case in which 

such a solution exists, label the sum of subscriber levels .  Summing the two first-order 

conditions implies that we must have 

N̂

    .    (8) )

}

ˆ('ˆ)ˆ(2}*2{ˆ NTNNTwwN c −−=+

 Together, (7) and (8) imply 

    *2{ˆ)ˆ(2}*2{ˆ cc wwNNTwwN −+−=+

or 

     cw
N

NT
=

−
ˆ

)ˆ(   .     (9) 

Summarizing this analysis, 

Proposition 5:  If there exists an industry subscription level, , such that  

and 

N̂ cwwNT −=′− *2)ˆ(

cw
N

NT
=

−
ˆ

)ˆ( , then there exists a continuum of equilibria subscription levels of the form 

for . If these conditions are not satisfied, then there are no interior 

asymmetric equilibria.

)ˆ,( 11 nNn − ]ˆ,0[1 Nn ∈

23 

V. OPTIMAL ACCESS CHARGES 

To understand the effects of the access charge on welfare, we need to examine how the 

access charge affects the equilibrium outcome through its effects on (recall that  and 

are independent of a).  In principle, there are potentially two roles for an access charge to 

cw *w

)(⋅T

                                                 

0)0( ≥ )ˆ('ˆ/)ˆ( nTnnT23  If T , then   −<
cww 3*2 >

− .  Hence, in this case, asymmetric equilibria can exist only if 

. 
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play.  One is to induce pricing below cost in order to internalize the effects of calling 

externalities.  Unfortunately, Proposition 2 implies that an access charge cannot serve this 

purpose because the access charge has no effect on the sum of the equilibrium off-net 

prices:  whenever there is off-net traffic.  In other words, the access charge cannot 

be used to internalize the effects of a carrier’s prices on the welfare of consumers who subscribe 

to another carrier and on the profits of that other carrier.  The carriers can be induced to set 

efficient off-net prices only if there some mechanism for cross-carrier internalization such as 

repeat play or strategic delegation in the manner of Katz (2006), which allow each carrier to 

make its off-net pricing policies contingent on the other carrier’s off-net pricing policies. 

crp jiij 2=+

Let cw be the largest value of that can be induced through the choice of a.  Because 

the off-net send and receive prices sum to 2c, which is inefficiently large, 

cw

*ww c <  except in 

cases where all of the probability mass is on sending and receiving values greater than c.   Of 

course, the fact that access charges cannot promote fully efficient pricing does not imply that 

they are irrelevant.  Access charges can be used to induce a balance of off-net send and receive 

prices that is efficient given the constraint that these prices sum to 2c. 

As shown in the previous section, there are potentially three types of equilibrium to 

consider.  The following result demonstrates that a regulator would never want to induce an 

interior asymmetric equilibrium: 

Proposition 6:  A socially optimal access charge induces either the monopoly outcome, or the 

symmetric duopoly outcome. 

As long as the market outcome has only a single active producer, the value of the access 

charge is irrelevant.  However, when the industry equilibrium involves two active networks, 
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welfare depends on the value of , which, in turn, depends on the value of a.  The next result 

tells us that, conditional on inducing a symmetric duopoly equilibrium, it is socially optimal to 

choose the access charge that induces 

cw

cw . 

Proposition 7:  Suppose that there exists a positive-output, symmetric equilibrium when 

.  Then for any , there exists a symmetric equilibrium when  in which 

the equilibrium network sizes, profits, consumer surplus, and, hence, total surplus are greater 

than when . 

L
c ww = LH ww > H

c ww =

L
c ww =

Observe that one implication of Proposition 7 is that, when both are active, the carriers 

also prefer the access charge that maximizes .  Combined with Proposition 6, another 

implication of Proposition 7 is that it is socially optimal either to select the monopoly outcome or 

to choose a level of the access charge that induces 

cw

cw and select the duopoly outcome.  In what 

follows, we will assume that there exists at least one value of a such that a monopoly equilibrium 

exists.24 

Proposition 8:  Suppose .  If 0)0( ≥T cw is sufficiently close to ,  then  the symmetric 

duopoly equilibrium with the access charge set to induce 

*w

cw is the socially optimal outcome.  If 

cw  is sufficiently low, then the the monopoly equilibrium is the socially optimal outcome. 

The public policy implications of our analysis are as follows.  Policy makers should first 

calculate whether the monopoly or duopoly outcome is more desirable.  If the duopoly outcome 

is preferable, then—as long as higher values of do not increase the probability that the cw

                                                 

0=cw24  As long at the mean values of message exchange are finite, it is possible to induce  by choosing an 
extreme value of a. 
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market will select the monopoly equilibrium—policy makers should choose a to maximize  cw .  

Conditional on the duopoly equilibrium’s obtaining, welfare is maximized by maximizing , 

and, if the monopoly outcome were to result, the choice of a would have no effect.  Moreover, as 

the analysis shows, for high enough values of  , a monopoly equilibrium does not exist; that 

is, by inducing  

cw

cw

cw , policy makers may ensure the desired equilibrium will be the one to arise. 

A parallel argument does not call for minimizing  cw when monopoly is socially 

preferred.  The asymmetry arises because the value of a matters if the market selects the duopoly 

equilibrium despite the social preference for monopoly.  Moreover, although a low value of 

can preclude the existence of a duopoly equilibrium, it need not.  In cases in which the 

monopoly outcome is the socially preferred outcome, there could be a role for tools other than 

the access charge (e.g., granting exclusive licenses) to play in promoting the desirable 

equilibrium selection.

cw

25 

The following two examples demonstrate that either the monopoly or duopoly outcome 

can be socially preferred, depending on the parameter values.   

Example 1:  Suppose  and that almost all of the mass for the value of message 

exchange is on values greater than c.  Then there is vanishingly small efficiency benefit of 

setting sending or receiving prices below cost and 

0)0( ≥T

cw can be made arbitrarily close to , 

where the maximal value of can be obtained by setting a = 0.  It is readily shown that the 

symmetric duopoly equilibrium when is near is welfare superior to the monopoly 

*w

cw

cw *w

                                                 

25  That said, the granting of exclusive licenses suffers from a serious shortcoming: if policy makers have 
underestimated the value of competition, there is no market-based “safety valve” to override their mistaken 
preference for monopoly. 
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outcome because duopoly garners additional subscribers and per-subscriber message exchange is 

almost equally efficient. 

Example 2:  Suppose  and, hence, qvqD −=)( 2
2
1 )()( qvqS −= , where v  is a constant 

satisfying .  By Proposition 1 above, cvc >>4 ** rp = .  First-order condition (3) above implies 

that *)4(3
1 rvc =−*p = .  By Proposition 2 of Hermalin and Katz (2004), at the value of a 

that induces 

cc r=p

cc ww = .  Straightforward calculations reveal that *32
27= ww c .  Suppose 

.6/7N)(NT −= 26  Then, by (6), */) 304
273 wN dd −=(NT  when cc ww = .  As shown in the proof 

of Proposition 8 in the Appendix, the sign of is equal to the sign of  md NN − ddc NNTw /)(+ . 

For the parameters of this example, this expression is equal to 0** 304
273

32
27 <− ww

                                                

 .  Thus, the 

symmetric duopoly outcome entails both lower subscriber levels and lower average calling 

benefits per subscriber. 

Ceteris paribus, carrier competition increases subscription levels by the standard Cournot 

logic that each carrier ignores the fact that its expansion leads to a marginal consumer with a 

lower willingness to pay and, thus, reduces the revenues of the rival carrier.  However, unlike a 

monopoly carrier, duopolists do not fully internalize the external effects that the sender and 

receiver of a call have on each other.  As just shown, either effect can dominate in terms of its 

influence on equilibrium welfare.27 

 

∞26  This function does not asymptotically go to − as N approaches some finite bound.  However, it is 
trivial—though cumbersome—to modify the example to satisfy this property.  

27  In a model that allowed for product differentiation and heterogeneous consumer preferences, there would 
be an additional reason to favor the duopoly outcome over the monopoly outcome.  For an early model 
product differentiation and network effects, see Farrell and Saloner (1986). 
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The potentially poor performance of duopoly relative to monopoly might appear to be the 

result of off-net discrimination by competing carriers, which results in .  However, a 

public policy prohibition of off-net discrimination would not eliminate the problem.  Absent 

discrimination, the common on- and off-net prices would not be set at efficient levels.  A 

monopolist fully internalizes the calling benefits; duopolists—even non-discriminating 

duopolists—do not.  Thus, call externalities, rather than tariff-mediated network effects, are the 

root source of the problem. 

*wwc <

In those cases in which the symmetric duopoly outcome is socially optimal, we can use 

Proposition 2 of Hermalin and Katz (2004) restated in Section III.A above to determine the 

socially optimal access charge.  That earlier result establishes what the socially optimal send and 

receive prices are when subject to the constraint that these prices sum to marginal cost.  

Recalling that the equilibrium off-net prices are and , one can use the 

values of the constrained-efficient send and receive prices to determine the optimal access 

charge:  

acpc += acr c −=

Proposition 9: If it induces a symmetric duopoly equilibrium, then the socially optimal access 

charge depends on the hazard rate associated with density ψ(⋅) as follows: 

(i) If the hazard rate is everywhere increasing, then a = 0 is the unique socially optimal 

access charge. 

(ii) If the hazard rate is constant, then any access charge that satisfies  −c ≤ a ≤ c is socially 

optimal. 

(iii) If the hazard rate is everywhere decreasing, then there are two socially optimal access 

charges: a = −c and a = c. 
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This result illustrates that it is a mistake to think of the originating carrier as purchasing 

termination services from the terminating carrier, a view that has long been a foundation of U.S. 

regulatory policy.  Under the conditions of Proposition 9, whenever is optimal, so is 0a 0a− .  In 

other words, one could just as well think of the receiving carrier as purchasing origination 

services.  This result also shows that, even in our highly symmetric model, an access charge of 

zero need not be optimal 

We close this section by considering a restricted form of pricing.  Suppose that a carrier 

can engage in off-net discrimination, but the carrier’s on-net send and receive prices must be the 

same as each other and its off-net send and receive prices must be the same as each other (i.e., 

prices must satisfy  and ).  This type of pricing has been practiced by many 

wireless carriers.

iiii rp = ijij rp =

28  Under this pricing structure, subscription to network i yields expected 

consumer surplus  

( ) iijjijiiiii hpSpDnpSpDn −++ )()()()(2τ  

Network i’s profits per subscriber are  

     ( ) iijijjijiiiii hcppDpDncppDn −−+− }){()(}{)(2 2  . 

The access charge does not appear in this expression for profits because the traffic flows are 

always balanced: messages originate on i and terminate on j, and equally many 

messages originate on j and terminate on i.  Consequently,  

)()( jiijji pDpDnn

                                                 

28  In the U.S., some wireless carriers offer plans with free on-net calling but costly off-net calling.  U.S. 
wireless carriers also frequently set non-uniform price schedules containing a large number of “free” (on- 
and off-net, incoming and outgoing ) minutes.  Once these minutes are exhausted, there is often only a 
single per-minute charge, regardless of whether a call is on- or off-net and the party is a sender or receiver.   
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Proposition 10:  Access charges are irrelevant when end users have balanced calling demands 

and a network’s prices are independent of the message direction.29 

VI. RELATIONSHIP TO THE LITERATURE  

A small but growing number of papers have analyzed intercarrier compensation in 

settings with two-sided benefits.30, 31  As in our analysis, papers in this literature principally 

focus on the effects of the access charge on retail prices and resulting consumer behavior.32  

These papers vary in terms of assumptions about the distribution of benefits across sender

receivers, the types of pricing allowed, and the nature of duopolistic competition.  

s and 

                                                

Berger (2004), Jeon et al. (2004), and—in his baseline model—DeGraba (2003), all 

assume that the sender’s benefits are a given proportion of the total benefits on every call.  One 

can also view the traditional assumption that only the sender enjoys benefits of message 

exchange (see, e.g., Laffont et al. 1998a and b) as a polar case of this approach.  A critical 

implication of the constant proportional benefits assumption is that the first-best can be attained 

by setting send and receive prices that sum to the marginal cost of message exchange.  This 

 

29  If there were customers with unbalanced traffic patterns (e.g., a user knew ex ante that she was more likely 
to send a message than to receive one), then a network might offer a two-part tariff that was particularly 
attractive to a beneficial selection of customers.  See, for example, Hermalin and Katz (2001a). 

30  In addition to the literature summarized below, Armstrong’s (2002) insightful survey of the interconnection 
literature briefly addresses two-sided benefits in settings where all receivers benefit equally from all 
messages. 

31  There are some parallels between telecommunications access fees and electronic payment network 
interchange fees (the service fee transferred between the buyer and seller’s banks when an electronic 
payment card is used).  To draw these parallels, one views a payment card issuer as a carrier for card users 
and an acquiring bank as a carrier for the merchants at which the card is used.  With payment networks, a 
party typically knows that it will either always be a “sender” or always be a “receiver.”  Moreover, a given 
bank may have customers that are all “receivers” or all “senders.”  Thus, although the general issue of 
apportioning costs between the two end-users is similar, the particulars of interchange fee setting are 
different from our model. 
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implication then has strong implications for optimal access charges.  For example, under the 

assumption that only the sender enjoys calling benefits, the objective of access pricing is to 

induce a send price equal to the full marginal cost of a call (p = 2c in our notation).  When 

senders and receivers equally spit the benefits of message exchange, DeGraba (2003, p. 224) 

finds that an access charge of 0 can induce efficient retail pricing.  Similarly, Jeon et al.  (2004, 

p. 108) find conditions under which the access charge can induce the efficient outcome. 

The alternative approach taken in the present paper allows a sender and a receiver’s 

relative valuations of a message to vary across messages.  This more realistic assumption leads 

to very different conclusions.  Under this assumption, typically no level of the access charge can 

induce efficient off-net prices.  Moreover, setting the access charge equal to termination cost can 

be optimal even in highly symmetrical settings. 

Our paper shows that the efficient access charge depends on the relative likelihood of 

disparate sender and receiver benefits versus similar values.  This likelihood, in turn, depends on 

how fat the tails of the sender and receiver benefit distributions are.  If the tails are not too fat 

and the likelihood of very disparate values is, therefore, relatively small, then symmetric send 

and receive prices are optimal, which argues for a = 0.  If the tails are fat and the likelihood of 

very disparate values is relatively great, then unequal send and receive prices are optimal, which 

argues for  although it does not clearly imply whether the access charge should be positive 

or negative.  This insight helps explain the similarity and difference between our work and 

DeGraba’s (2003, Section 4) extension in which both the total value of a message exchange and 

the division of that value between the sender and receiver can vary by message.  DeGraba 

0≠a

                                                                                                                                                             

32  An exception is Atkinson and Barnekov (2000), who did not consider the effects of access changes on 
retail prices and conclude that each carrier should recover from its own subscribers all costs not 
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focuses on the case in which the sender and receiver's benefits are positively correlated and, 

hence, necessarily considers situations in which the benefits are not disparate, which supports a 

finding that a = 0 is optimal.  In the one case with negatively correlated sending and receiving 

benefits, (DeGraba 2003, Proposition 6 and Figure 1), benefits are necessarily disparate and, 

accordingly, a = 0 is not optimal. Our results do not rely on assumptions about the correlation of 

benefits—indeed, we assume independent distributions—which helps to show it is the relative 

likelihood of disparate values rather than correlation per se that is behind the results on the 

optimal access termination charge.33 

Hermalin and Katz (2001a) and Laffont et al. (2003) also assume that a sender and 

receiver’s relative valuations of a message can vary across messages.34  However, neither paper 

permits the carriers to have different prices for on-net and off-net message exchange.  

Consequently, there are no tariff-mediate network effects, and end users’ subscription decisions 

are unaffected by the relative network sizes.  Indeed, because both those papers essentially take 

the subscriber base as given, even the absolute size of the combined networks is irrelevant to end 

users’ subscription decisions.35  In contrast, our focus has been on the consequences that arise 

when networks can discriminate between on- and off-net messages, including the effect this has 

on subscription behavior and network size.  This difference in approach allows us to identify 

                                                                                                                                                             

incremental to interconnection itself.  
33  Our finding that asymmetric pricing can be optimal when the sender and receiver have identical demand 

functions also shows that the common approach of recommending that prices be set based on relative price 
elasticities of demand can be ill-founded. 

34  Laffont et al.’s (2003) analysis builds on their characterization of socially optimal retail prices.  However, 
as noted in footnote 18 above, that characterization contains an error, which affects their analysis of 
socially optimal access charges. 

 27



some heretofore unrecognized consequences of the access charge: because it affects off-net 

pricing only, the access charge affects the strength of tariff-mediated network effects. 

Our model also differs from the literature in that we consider the use of hookup fees in 

addition to on- and off-net discrimination.  In a model that does not allow hookup fees, Berger 

(2004) finds that carriers will use the access charge to facilitate collusion so that the privately 

optimal access charge will exceed the social optimum.  In our model, carriers extract rents 

through the hookup fee and do not seek to induce inefficiently high prices for off-net message 

exchange.  Consequently, we find that the profit- and total-surplus-maximizing access charges 

can coincide.  Hermalin and Katz (2001a) also do not allow for hookup fees, and Laffont et al. 

(2003) consider the use of hookup fees but do not allow for differential on- and off-net pricing.  

In neither of these models are hookup fees used to subsidize efficient, below-cost on-net pricing. 

Lastly, consider the modeling of oligopolistic interaction.  Berger (2004), Jeon et al. 

(2004), and Laffont et al. (1998b) each examines a Hotelling duopoly.36  In these models, unlike 

ours, there is an incentive to degrade the rival carrier’s network.  Hence, Jeon et al. (p. 108) find 

that network-based discrimination creates strong incentives for networks to eliminate off-net 

message exchange even between equal networks.  Laffont et al. (1998b) find that there exists a 

stable duopoly equilibrium only if the access charge is near the termination cost and the carriers 

are highly differentiated (e.g., the Hotelling transportation costs are large relative to gross 

                                                                                                                                                             

35  Hermalin and Katz (2001a) consider a model with a single sender and a single receiver.  In Laffont et al. 
(2003), a given end user is either always a sender or always a receiver, and senders (websites) pay no 
hookup or subscription fee and have no overhead costs, so their joining the network is a given.  Because all 
senders connect, receivers do not take network size into account in making their subscription decisions. 

36  Laffont et al. (1998b) assume that receiver benefits are equal to zero, but—as noted above—this can be 
viewed as an extreme case of the constant-proportional-benefits assumption.  
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consumption benefits).37  Berger (2004) assumes that receive prices fee must be set equal to 0 

and shows that a carrier will tend to set its off-net send price above c + a in order to make the 

rival network less attractive because subscribers to the latter will receive fewer incoming 

messages.  In our model, the difference in on- and off-net pricing comes from the failure to 

internalize external benefits, not an affirmative attempt to harm the rival network. 

The tendency for various models to lead to tipping underscores the importance of how 

one models consumer expectations with respect to ultimate network sizes.  In models in which 

consumers form rational expectations of network sizes and carriers can commit to prices but not 

quantities, there may be multiple equilibria in which the market tips to a single carrier as end 

users flock to a carrier expected to be dominant.  Such models also typically have degenerate 

equilibria in which all carriers fail precisely because end users expect them to fail (i.e., the 

chicken-and-egg problem).  In contrast, our Cournot model, in which carriers can commit to 

subscriber levels, tends to rule out extreme tipping and chicken-and-egg problems.  Although 

such tipping and degenerate equilibria may be serious issues for new services, they are much less 

likely to be significant for established communications services, or for services where consumers 

have low switching costs (say due to number portability).  The Cournot model can be viewed as 

a means of approximating a dynamic process in which consumer expectations with respect to 

network sizes change slowly over time because consumers observe network sizes and predict 

that these sizes will remain stable. 

 The Cournot assumption also has implications for carriers’ incentives with respect to 

setting their off-network prices.   Carrier i’s choice of off-net prices affects the consumer surplus 

                                                 

37  Similarly, in a model of undifferentiated carriers, Degraba (2003, p. 224) finds that setting the access 
charge equal to the termination cost can lead to tariff-mediated network effects that induce tipping to a 
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that end users can expect to derive from subscribing to carrier j’s service.  Under the 

homogeneous good, Cournot model, making carrier j’s service more or less desirable to 

consumers has no effect on carrier i’s profits—carrier j will simply adjust its hook-up to keep its 

subscriber level and, hence, consumer surplus, constant.  Consequently, carrier i ignores the 

effects of its off-net prices on carrier j and its subscribers, and carrier i sets its off-net prices to 

maximize the sum of the benefits derived from off-net calling by carrier i and its subscribers. 

This result need not hold under other models of carrier competition.  As noted above, 

carrier i may benefit from setting its off-net prices to hurt carrier j when the carriers are 

Hotelling competitors.  In the other direction, if the networks do not directly compete for 

customers, then carrier i might set its off-net prices to make carrier j more attractive, thus 

increasing the number of subscribers on network j and increasing the off-net calling benefits 

enjoyed by subscribers to network i.  The importance of such cross-carrier effects is an empirical 

question that remains to be answered. 

VII. CONCLUSION  

In the absence of receiver benefits, the receiver is unwilling to pay to exchange messages, 

the sender of a message can be viewed as the “cost causer,” efficient pricing sets the send price 

equal to the marginal message cost, and the receiver’s network should recover its message costs 

from the sender or the sender’s carrier.  The existence of receiver benefits fundamentally 

changes the analysis of interconnection charges.  Instead of being how to recover the terminating 

network’s costs from the sender, the issue is how to recover the combined marginal costs of a 

                                                                                                                                                             

single carrier. 
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message between the sender and receiver in a way that efficiently internalizes the two-sided 

benefits. 

As demonstrated by our formal analysis, this change in perspective has several broad 

implications: 

• It is misleading to think of the originating carrier as purchasing termination 
services.  One could just as well think of the terminating carrier as purchasing 
origination services.  There are theoretical arguments for both positive and 
negative access charges. 

• Second-best pricing generally entails both fixed and traffic-sensitive charges to 
both senders and receivers even when all costs are traffic sensitive. 

• In important cases, imposition of an access charge can affect efficiency by 
altering the relative levels of the send and receive prices but cannot affect their 
sum, which remains inefficiently high. 

• In absence of cross-network internalization mechanisms, such as repeat play or 
inter-dependent pricing strategies, off-net prices tend to be inefficient because 
efficient pricing by a service provider typically benefits the subscribers to rival 
providers and/or those rival providers. 

• Even in highly symmetrical situations, an access charge of zero is not necessarily 
socially optimal. 
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VIII. APPENDIX 

Proof of Proposition 1:  We first prove several lemmas that lead to the proof of the main result. 

Lemma A1: p = 0 = r is not a solution to the welfare-maximizing pricing problem. 

Proof:  By assumption, .02)0( <− cM 38  QED 

Lemma A2:  If the hazard rate is everywhere increasing or everywhere decreasing, then any 

interior solution must be symmetric and there can be at most one such solution. 

Proof:  The first-order conditions for an interior solution are 02)( =−+ crpM  

and   Setting these expressions equal to one another and rearranging terms, an 

interior solution must satisfy 

.02)( =−+ cprM

rrMppM −=− )()( , which can be written as 

 

 

.
)(
)(

)(
)(

rD
rS

pD
pS

=

By Lemma A1 of Hermalin and Katz (2004), if the hazard rate is strictly monotonic, then 

D(q)/S(q) is a strictly monotonic function of q, which implies p = r. 

 A symmetric interior solution must satisfy .2)( cppM =+   The left-hand side of the 

equation is strictly increasing in p (with a derivative bounded below by 1), while the right-hand 

side is constant.  By assumption, cM 2)0( < .  Hence, c2ppM )( =+  has exactly one solution.  

QED 

Lemma A3:  If the hazard rate is everywhere increasing, then there is a unique optimal price 

pair, (p*, r*), and it satisfies 0 < p* = r* < c. 

                                                 

38  Recall that 0 is the lower bound of the support of the distribution of message exchange values, so that M(0) 
is the unconditional mean of ω , which is assumed to be less than 2c. 
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Proof:   Given the two lemmas above and the fact that efficient send and receive prices sum to 

less than 2c, we need only show that there cannot be a corner solution with one of the two prices 

equal to 0.  The proof proceeds by contradiction. 

Suppose counterfactually that p* = 0.  Then it would have to be the case that 

02*)( ≥− crM  . 

Having an interior solution with respect to r implies 

02*)0( =−+ crM  . 

These two expressions can be simultaneously satisfied only if  

0)0(**)( −≥− MrrM  . 

But, applying the argument used in Lemma A2, this inequality cannot hold when the hazard rate 

is everywhere increasing.  QED 

Lemma A4: If the hazard rate is everywhere decreasing, then both  p* = 0,  and 

r* = 0,  are efficient price pairs. 

)0(2* Mcr −=

)0(2* Mcp −=

Proof:  From the analysis above, we must show only that there cannot be a positive, symmetric 

solution.  Suppose, counterfactually, that p* = q* = r* for some q* > 0.  Consider increasing one 

price by Δ and decreasing the other by Δ. The change in welfare is 

 [ ])*()*()*()*( Δ−′Δ+−Δ+′Δ− qDqSqDqS  

[ ])*()*()*()*(*)22( Δ−′Δ+−Δ+′Δ−−+ qDqDqDqDqc  . 

The first bracketed expression has the same sign as 

)*(
)*(

)*(
)*(

Δ−
Δ−′

−
Δ+
Δ+′

qS
qD

qS
qD  . 
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As shown in Hermalin and Katz (2004, proof of Proposition 2), a decreasing hazard rate implies 

that  is increasing in q.  Hence, the first bracketed expression is positive. The second 

bracketed expression has the same sign as  

)(/)( qSqD′

)*(
)*(

)*(
)*(

Δ−
Δ−′

−
Δ+
Δ+′

qD
qD

qD
qD  . 

A decreasing hazard rate implies that this difference is positive (the hazard rate is 

) and, hence, the second bracketed expression is also positive.  Therefore, 

symmetric prices cannot be optimal.  QED 

)(/)( qDqD′−

Lastly, suppose that the hazard rate is constant.  Then ω must have an exponential 

distribution, and  for some constant, μ.  As shown in Hermalin and Katz (2004), 

any two prices that sum to the same amount, say k, give rise to the same level of user surplus.  

They also give rise to the same quantity exchanged and, thus, the same production costs and 

carrier revenues.

μ/)( qeqD −=

39  It follows that total surplus depends solely on k.  Setting r = 0 and p = k, the 

first-order condition derived above determines the optimal value of k: .  

Proposition 1 follows. 

02)0( =−+ ckM

Proof of Proposition 2:   By (4),  consumers will be willing to subscribe to network i only if  in

( ) ( ) )()()()()()()()()( 21 nnTpSrDrSpDnpSrDrSpDnh ijjiijjijiiiiiiiiii +−+++=  . 

We can decompose the problem of finding the prices that maximize a carrier’s profits as: 

 ( ) )()(2)()()()(max
, iiiiiiiiiiiiiiiirp

rDpDcrppSrDrSpD
iiii

−+++   (15) 

and 

                                                 

μμμ //)(/)()( kpkp eeepkDpD −−−− ==−39  The quantity exchanged is . 
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))(()())(()()()()()(max
,

acppDrDacrrDpDpSrDrSpD ijijjiijijjiijjiijjirp ijij

−−++−++  .   (16) 

Observe that (15) is equivalent to the corresponding social problem.  The claim with respect to 

the off-net prices follows from differentiation of (16).    QED 

Proof of Proposition 3: 

Necessity:  The number of subscribers in a symmetric equilibrium must satisfy the weak 

inequality in (6) or the carriers would choose to shut down.  By (5), any equilibrium must also 

satisfy the equality in (6). 

Sufficiency:  Suppose that  satisfies (6), and define dN

  )(}{)(*}2{)( 2
1

2
1 δδδδδ +′++++++≡ dddcdd NTNNTwNwNZ  . 

We know that dN2
1 yields non-negative profits, so it is at least as good a response to dN2

1 as is 

shutting down.  By (5), a necessary condition for 02
1 >+ δdN to be a best response to dN2

1 is 

that 0)( =δZ .   By construction, 0)0( =Z .  Observe that 

)(}{)}('*{2)(' 2
1 δδδδ +′′++++= ddd NTNNTwZ   . 

For any 0>δ , 0)(' <δZ by the inequality in (6) and the concavity of )(⋅T .  Hence, 0)( <δZ for 

all 0>δ . 

Suppose, counterfactually, that there existed a 00 <δ , such that 0)( 0 =δZ and this output 

yielded the carrier profits at least equal to those when 0=δ :  

    0)(}{)()*(*}2{)( 002
1

02
1

02
1

0 =+′+++++++= δδδδδ dddcdd NTNNTwwNwNZ  (17) 

and  

0)(*}{ 02
1

02
1 ≥++++ δδ dcdd NTwNwN .   (18) 

(17) and (18) imply  
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0)(}{*)( 002
1

02
1 ≤+′+++ δδδ ddd NTNwN . 

It follows that  

0)(}{)(2*2)( 2
1 <+′′+++′+=′ δδδδ ddd NTNNTwZ  

.  Therefore, dN2
1.  Hence, it cannot be the case that )(0)( 0 δδ ZZ ==for all  ]0,( 0δδ ∈  must 

be the unique best response to dN2
1 . 

Uniqueness of dN :  Suppose, counterfactually, that there are multiple symmetric equilibria, and 

let LN and HN d ote the equilibrium number of subscribers in two such equilibria, where 

HLN .   can rewrite the equality in necessary condition (6) as 

en

eN< W

{ } 0)()('*22
1 =+++ dddc NTNNTww  

Taking the derivatives with respect to N yields 

)(")(')}(*2{2
1 TNTww c +′++ 2

1 NTNN d+   . 

By (6) and the concavity of , we know that )(⋅T )(')*(2
1 w)(*0 NTwNTw c ++≥′+≥ for 

ive over the interval  and

Proof of Corollary to Proposition 3:  First, suppose  and 

all LNN ≥ .  Hence, the deriv e above is negat  the 

necessary condition cannot be satisfied by both values of N.   QED 

ativ  ],[ HL NN ,

0)0( >T 0)0(* ≤′+Tw .  As , 0↓N

{ } 0)0()(*2
1 >→++ TNTNww c and 0→)}(*{2

1 ′+− NTwN As .  NN ↑ , 

{ } −∞→++ )(*2
1 NTNww c  and ∞′ →+− 2

1 N follow th)}(*{ NTw ere exists at ne 

 such that 

.  It s that  least o

00 >N { } 0)}00 =+Nc .  0)0(* ≤(′ NT*{)(* 02
1

02
1 +++ wNNTww ′+Tw  implies that 

0)( 0 <′ N .  *+Tw Hence, it must be the case that { } 0 .  0N)( 0 >N* 0+ Nwc
2
1 +w

the necessary and sufficient conditions in the hypothesis of Proposition 3. 

T thus satisfies 
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Next, suppose that 0)0( ≤T  and 0)0(')*(2
1 +ww ca y of  )(≤+Tc .  By the con vit ⋅T , 

{ } { } )(*)0()0('*0 2
1

2
1 NTNwwTNTNww cc ++>+++≥  for all  0>N and, by Propos 3, 

there is ibrium with positive sales.   QED 

Proof of Proposition 6:  To see why it can never be socially optimal to set the access charge to 

oposition 5, when such equilibria 

 

Proof of Proposition 7:  The result with respect to existence and equilibrium network sizes can 

be seen almost immediately from inspection of condition (6) and application of Proposition 3.  

ition 

 no symmetric equil

induce an asymmetric interior equilibrium, observe that, by Pr

exist there is a family of equilibria all entailing the same industry subscription level, N̂ .  Hence,

the corner equilibria yield the greater total surplus because all calls are made at the efficient 

prices and the resulting level of total surplus is ∫+
N

dssTwN
ˆ

0
)(*ˆ .40   QED 

Label the corresponding industry subscription levels LN  and HN , with HL NN < . 

 Equilibrium profits are )()*(),( 2
2
1 NNTwwNwN ccd ++≡π .  As shown by Proposition

3, in equilibrium 

 

)}('*{),( 2
2
1 NTwNwN cd +−=π .  D erentiation of the ndiff  right-ha  side of this 

equation yields )}(")('*{ NTwN +− 2
1 NNT+ .  0)(" <NT  by assum

Hence,

ption.  By (6), 

0)('* ≤+ LNTw .   )}('*{2
2
1 NTwN +−  is an increasing function of N over the interval 

],[ HL NN . 

                                                 

40  The proof assumes that *ww c ≤ holds as a strict inequality.  Even if it held as an equality, there would 
be no loss in social welfare from restricting the choice of outcome to the monopoly and symmetric duopoly 
equilibria. 
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Equilibrium consumer surplus is equal to .  Differentiation yields 

.   QED 

)()(
0

NNTdssT
N

−∫

0)(' >− NNT

Proof of Proposition 8:   Recall that the necessary conditions for the existence of a monopoly 

equilibrium are that there exists an  such that mN

      c
m

m

w
N
NT

≥−
)(      (19) 

and  

     *2)()( wNT
N
NT m

m

m

=′−−   .    (20) 

By the concavity of  and , )(⋅T 0)0( ≥T )()()()()0(0 NTNNTNTNNTT ′+−≥′+−> .  Hence,  

     m

m
m

N
NTNT )()( −>′−   .    (21) 

(20) and (21) imply that 

      *)( w
N
NT

m

m

<−  .41    (22)   

 By (6), a necessary condition for the symmetric duopoly equilibrium when cc ww =  is  

    d

d
cd

d

d

N
NTwwNT

N
NT )(*2)()(

++=′−−   .   (23) 

Observe that the derivative of 
N
NT )(

−  is 0)()0()()()(
22 >

−+′
−≥

−′
−

N
NTTNTN

N
NTNTN , 

                                                 

41  It follows that, for cw *wsufficiently close to , there is no monopoly equilibrium when the access 
charge is set at the level that induces c . w
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where the first inequality follows from  the second inequality follows from the 

concavity of .  Thus, the left-hand sides of both (20) and (23) are increasing in N, while the 

right-hand side of (23) is decreasing in N.  It follows that the sign of is equal to the sign 

of  

0)0( ≥T

)(⋅T

md NN −

      d

d
c

N
NTw )(

+  .     (24) 

 is decreasing in N.  Hence, for NNT /)( cw sufficiently close to , (22) implies that 

(24) is positive when .   would thus contradict the fact about signs 

just derived.  Reductio ad absurdum, , when 

*w

0≤− md NN 0≤− md NN

md NN > cw is sufficiently close to . *w

 The levels of total surplus under the monopoly and duopoly outcomes are 

∫+≡
mNmm dssTwNW

0

2 )(*)(   

and 

∫∫ +−=++≡
dd NdNcdd dssTwNdssTwwNW

0

2

02
12 )()*()()()*()( δ  , 

respectively, where )*(2
1 cww −≡δ  .  Observe that 

dmddmdN

N
NwNNNTNNdssT

d

m
*}{)(}{)( −−≥−>∫ , 

where the second inequality follows from (6).  Hence,  

δ2)(}{* dmmdmd NNNNwWW −−>− .   (25) 

As , remains unchanged and increases but is subject to a finite upper bound.  

Hence, for all 

0↓δ mN dN

δ sufficiently close to 0, the right-hand side of (25) is positive and total surplus is 

greater under the duopoly outcome than the monopoly one.  It is evident that consumer surplus is 

also greater under the duopoly outcome. 
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 For sufficiently low values of cw , (19) will be satisfied and a monopoly equilibrium 

will exist even when cc ww = .   The fact that (19) is satisfied implies that (24) would be 

negative were , which would contradict the fact derived above.   It follows, 

that for sufficiently low values of   

0>− md NN

md NN ≤ cw .  In this case, the symmetric duopoly 

equilibrium is clearly inferior—it garners weakly few subscribers and there is inefficient off-net 

message exchange.42  QED 

 

                                                 

cw
cw

42  More generally, this argument implies that, if both the monopoly and symmetric duopoly outcomes are 
equilibria for a given value of , then the monopoly outcome is welfare superior to the duopoly 
outcome that arises at that value of . 
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