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Abstract 
Capacity-based interconnection (CBI) prices vary exactly with the costs a network 
provider incurs when supplying an interconnecting party. That is, they equal incremental 
costs, rather than being averaged over any output measure. We argue such prices (1) are 
as practicable and more efficient than per minute rates based on long run incremental 
cost, (2) are more efficient than bill and keep, and (3) with mark-ups for cost recovery, 
are a practical and relatively efficient means of pricing wholesale interconnection 
services, well-suited to both circuit and packet-based networks.  

1 Introduction  
Capacity-based interconnection (CBI) sets prices equal to the incremental cost of 
interconnection. In terms of cost causation, a demand for interconnection amounts to a 
demand for capacity. Thus CBI charges the interconnecting party, on a take it or leave it 
basis, the full cost of the increment of capacity necessary to meet demand. No scaling of 
the quoted price for higher or lower demand is possible. If the interconnecting party 
wants to interconnect more or less traffic requiring more or less capacity then it is 
charged a new price based on the incremental cost of that capacity.  
 
Proposing CBI4 is not new (in the context of broadband see Mitchell and Vogelsang, 
1991, 259-262, and Levin, 1988), yet in our view such prices are (1) as practicable and 
more efficient than per minute rates based on long run incremental cost and, (2) more 
efficient than bill and keep.5 More generally, the paper argues that CBI, with some mark-
ups for cost recovery, is a practical and relatively efficient means of pricing wholesale 
interconnection services, including on converging networks.  
 
CBI costs are considered in Section 2. Demand for interconnection services is derived 
from demand for retail telecommunications services. As a consequence, to understand the 
gist of our practical and efficiency arguments it is important to understand what is 
efficient at the retail level, as well as the problem of monopoly, which wholesale price 
regulation seeks to address. Section 3 considers first and second best retail pricing, and is 
used to provide a launching pad for discussion of first and second best efficient wholesale 

                                                
1 Thanks go to Bill Sharkey for numerous discussions.  Remaining errors are solely those of the authors. 
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4 For the purposes of this paper, we assume that a case has been made for interconnection regulation. 
5 For the purposes of this paper, we assume that bill and keep is not more eff icient than alternative 
interconnection regimes merely because it avoids price setting and billing costs.  
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interconnection prices (Section 4). Examples of CBI pricing as applied in practice are 
considered in Section 5.  

2 Capacity Based Interconnection (CBI) Pricing 
Fairly recent interest in bottom-up engineering-economic cost models of telephone 
networks has made network engineering more accessible to economists (see, example, 
Gasmi, Kennet, Laffont, and Sharkey, 2002).  Besides their uses as policy and 
investigative tools, these models reveal a great deal about how costs are driven within a 
network. 
 
From a purely economic standpoint, network costs can be divided into three main 
categories.  By far the largest component are essentially pure fixed costs, such as the 
infrastructure used to carry wire between network nodes and the buildings used to house 
switches, microwave equipment, cellular antennas, and the like. For example, applying 
the first authorÕs cost model for wireless networks in a developing country context 
reveals that these infrastructure costs, including those causally assignable to customer 
lines, but not to peak-hour traffic, amount to about 97 percent of total costs. Similarly, the 
costs of outside plant pairs in the case of fixed networks and line cards in both fixed and 
wireless networks are a substantial percentage of total costs and common to many 
services (Gabel and Kennet 1991).  Costs that vary with the volume of traffic that can be 
carried during a period of maximum demand include much of the cost of switching, 
trunking, transmission (other than pure infrastructure), and spectrum. The costs of each of 
these elements is generally measured per unit of capacity, where capacity is expressed as 
any of E-1s, T-1s, erlangs, ccs, or MHz. The case of a fixed line network is illustrated in 



Preliminary draftÑ Do not quote 

Figure 1. 
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Figure 1—Wireline Network 
Distribution cable, drop wires, and line cards at the wire center (not shown) can be 
directly attributed to individual users.  The switch cores, feeder cable, and trunks 

between switches are built to meet capacity requirements.  Most of the remaining network 
elements – infrastructure – are a pure fixed cost.  

 
 
Under CBI interconnection is priced to equal the costs of supplying a given volume of 
maximum demand traffic. This is in contrast to standard measures of usage, such as calls 
or call minutes or seconds, used in regulatory practice.  The cost impact of 
interconnection minutes depends on when they occur, in particular on whether or not they 
occur when traffic peaks. However, standard interconnection agreements treat all minutes 
as identical, and as a result, the resulting tariffs do not bear a direct or even good relation 
to what drives costs.  
 
Implementing CBI requires that the incremental cost of capacity in each network 
component must be calculated.  In Section 5 below, we give an example of a calculation 
using an engineering-economic cost model.  The result is a cost per peak-hour erlang, or 
per E-1 for the period equal to the longest life of any asset necessary to supply. The 
interconnection regime would then offer a menu of CBI prices, the lowest of which 
would reflect the estimated costs, but require a Òuse-it-or-lose-itÓ commitment for a 
period equal to the life of the most durable asset. The regulator could also set CBI prices 
for shorter time commitments, though the correct rates would be less easy to determine. 
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Alternatively, the regulator could merely require availability for any shorter time period. 
Arguably, if the access supplier sought to set prices significantly above cost, then a third 
party would buy long term capacity at the regulated price and re-lease interconnection 
services for shorter time periods at prices closer to costs. The resulting prices, whether 
determined by market forces or the regulator, would presumably rise as the time 
commitment fell, reflecting a premium to compensate the supplier for installing sufficient 
capacity to meet uncertain demand. The highest price would be a spot price that would 
allow firms to be billed ex post according to the volumes they used without any 
commitment.  
 
The decision on how to translate these CBI prices into retail rates is a business decision 
of the interconnecting firm, which can price usage, capacity, some combination of these, 
or anything else it should choose. 
  
Interestingly, when all interconnection services except access are competitively supplied, 
implementation of CBI would require collocation, bill and keep pricing of access 
interconnection, and no regulation beyond the point of traffic concentration. While this is 
not typically the case on most networks, in the US regulatory forbearance can occur in 
locations where transmission between interconnecting networks is essentially a 
competitive service.  

3 First and second best retail prices 
This section starts by considering first best efficient retail prices in telecommunications. 
Such prices are likely as easy to achieve as Nirvana (Demsetz, 1969), and should 
therefore be understood as providing a didactic framework rather than be seen as goals. 
 
The next subsection (3.2) demonstrates that in practice the subscriber and calling 
externalities need not be directly accounted for in setting first best interconnection prices. 
The calling externality is generally unlikely to distort choice. This may also be true of the 
subscriber externality in wealthy countries with mature networks. However, ifthe 
subscriber externality is material, then it is probably best dealt with through targeted 
subsidies administered by the regulator (even if funded from within the industry). Thus, 
in practice the subscriber and calling externality do not require setting prices different 
from marginal private cost (unless an industry-based tax to fund any subsidies is required, 
a matter which is dealt with in Section 3.3).  
 
Unfortunately, first best prices remain complex for another reason. First, in general, the 
incremental costs of all demand aggregations, and necessarily, that of total demand, need 
to be signaled through price (that is, overall service provision must always be funded 
otherwise future investment in any regulated industry will be inefficiently low). 
Subsection 3.3 discusses second best retail pricing designed to ensure efficient cost-
recovery while minimizing inefficient bypass. The main message here is that second best 
(Boiteux-Ramsey) prices are too complex to formally implement, but price regulation can 
be guided by the principles that underlie the Boiteux-Ramsey approach. 
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Subsection 3.4 concludes with a reminder that competition commonly solves the kind of 
complex pricing problems just discussed that regulators are ill-equipped to deal with. As 
a result, if wholesale regulation (the topic of Section 4) can allow effective retail 
competition, then relative to regulation, efficient prices may emerge in retail markets. 

3.1 First best efficient retail prices  
The textbook requirement for first best efficient prices is that they reflect marginal social 
costs, being marginal private costs plus any marginal external benefits or costs. In retail 
telecommunications, marginal private costs broadly amount to: 
 

• access costs that can be attributed to a given customer (roughly the network 
interface device, the line between the customerÕs premises and the point of traffic 
concentration, and the customer line card or similar); 

 
• any traffic costs that are solely incurred due to the customer (these are effectively 

zero for virtually all residential and small business customers); 
 

• billing costs such as mailings, that can be attributed to the customer. 
 

Two spillover benefits potentially complicate efficient pricing in telecommunications: the 
subscriber externality and the calling externality. The subscriber externality arises 
because telephone subscribers on average benefit when another person joins the network. 
If the subscription price does not discount marginal private cost by the benefit existing 
subscribers gain from a new subscriber, then a marginal subscriber may choose not to 
subscribe when subscription would be efficient.  
 
The calling externality occurs because both caller and called party typically benefit from 
a phone call. Thus, a call is optimally made and received so long as the sum of the 
marginal valuation placed on the call by both the caller and the call recipient exceeds the 
marginal private cost of the call. In general, to achieve this, a price must be charged to 
both sides of the call. The Lindahl price is one, among many, ways of achieving optimal 
calling prices. It price discriminates by splitting the marginal private cost of each call 
according to the respective shares of the summed marginal valuation of the caller and the 
called party. 
 
The subscription and calling prices just described adequately reflect marginal social costs 
in the sense that at the margin no rational consumer would choose to not to purchase a 
subscription or make or receive a call when it would be optimal for them to do so. Such 
prices, however, on their own may not be first best efficient because they are unlikely to 
cover infra-marginal (social) costs. If is this is so, then it is probable that excess 
consumption will occur infra-marginally. For example, assume the marginal private cost 
of a call is zero, but that the incremental private cost of 10,000 calls in a day over the 
course of a year to or from a calling center is $100 a day. Consider calling centers that 
only make outbound calls. Further, to remove the complicating effect of the calling 
externality, assume call recipients value the information they receive from the calling 
center as just being equal to cost of the interruption to their schedules. If calling center 
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owners pay zero, rather than $100 a day, then calling centers will likely overuse the 
network. 
 
Consequently, wherever this might occur, first best efficient prices must also have 
inframarginal components that ensure individual customers, and for that matter, 
aggregations of individual customers (perhaps again through Lindahl prices where costs 
are shared by more than one consumer) face signals that reflect incremental social costs.  
 
An extremely wide range of prices could satisfy these conditions, though they are likely 
to represent only a miniscule proportion of all possible prices. Most such prices, if they 
could be found, and it is unlikely, would not ensure total cost recovery. As a result, long 
run efficiency would further require financing from non-distorting taxes (non-distortion is 
required if first best standards are to be maintained). Alternatively, only prices that 
recover overall costs could be considered. For example, total cost recovery is assured 
when prices always sum to the incremental cost of any aggregation of demand, including 
total demand. Such prices would require complex price discrimination given the 
externalities and cost sharing just described and are even less likely to be identifiable, let 
alone practicable. 

3.2 Managing the subscriber and calling externalities 
In practice, the subscriber and calling externalities present fewer difficulties for pricing 
than the previous subsection suggests. In the case of mature networks, the subscriber 
externality probably has only a limited impact on marginal choices, and so may be 
addressed by targeted subsidies. The calling externality, if important, can be internalized 
by the market, so is unlikely to be a source of efficiency loss. 
 
The subscriber externality need not result in inefficiently low subscription levels. 
Moreover, where it is materially likely to do so, it is better dealt with by policies aimed at 
low demand consumers, rather than by ensuring all subscription prices are discounted by 
the value of the externality. Consider a country where (1) all consumersÕ incomes are 
high relative to the marginal private cost of subscription, and (2) existing telephony 
networks have long been established. In these circumstances, it is possible that even if 
prices are set at or somewhat above marginal private costs, so are not discounted to 
reflect the value of the new subscription externality, optimal levels of subscription will 
result. This would occur if the externality does not affect choice at the margin. In that 
case, the valuations of even relatively low demand consumers exceed the marginal 
private cost of subscription (see Figure 2 for two examples). As a result, no consumers 
fail to subscribe because the valuation of their subscription by other individuals was not 
reflected in price.  
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Figure 2—Examples of when externalities do not result in inefficient demand 
 
In reality, if prices are set equal to marginal private costs, then some consumers (even in 
the wealthiest of countries) will not subscribe when it would be efficient for them to do 
so. Cases in point are consumers with low incomes and/or consumers who are expensive 
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to supply. However, at least in the case of mature networks, subsidies targeted towards, 
for example, the urban poor, and high cost subscribers (again with a means test) are likely 
to be far more effective (and hence efficient) than a generalized subsidy on all 
subscription decisions.  
 
Prices set to marginal private cost are probably inappropriate in the case of networks with 
substantial room for growth (whether a traditional network in a poor country where 
penetration is still low, or a new, say, 3G network), as these will hinder network roll-out. 
In these circumstances, while targeted subsidies are likely to be necessary, efficient 
targeting is probably beyond the skills of a regulatory authority. Yet all is not lost. 
Evidence from mobile and other telecommunications supply with some degree of 
competition suggests that market forces can provide effective means of subsidizing 
network rollout. We provide a particular striking example of such market behavior in 
Section 4.2.2, where wholesale interconnection pricing is considered, as firmsÕ capacity 
to subsidize subscription decisions is intimately linked with interconnection policies. 
 
Moving on, the calling externality is virtually impossible to take account of through 
regulatory pricing. Lindahl pricing for calls is impractical, as the calling externality varies 
significantly from one call to the next, and there is no means by which a social planner 
could elicit truthful estimates of the value either side of a call places on it. More 
restrictively, it is common to price one side of a call only (usually this is the calling party, 
but in some cases, notably mobile telephony in the US, it is the receiving party; charging 
both the caller and the calling party also occurs, for example, when a metered call is 
made to a mobile phone in the US).  
 
Despite this, when a price reflecting marginal private (not social) cost is charged only to 
one side of a call, the calling externality is readily internalized by both formal and 
informal means. The most obvious means of internalization come from informal call 
reversal. Many examples spring to mind. People with an established relationship, who 
can equally afford to make a call, often alternate calling. In relationships where one party 
can afford the calls that the other might hesitate to make when both parties would in net 
benefit, the wealthier party may call more frequently, and indeed even just to see if the 
other party wanted to communicate. Examples would include someone who makes 
frequent calls to her retired parents, or to his child at college. Carriers also provide means 
by which those who wish to receive calls can signal this demand. One party, for example, 
an employer, can provide calling cards to someone else (employees) to ensure important 
calls are made; reverse charges calls provide a similar Òspot marketÓ service; while 800 
numbers reverse the subsidized and subsidizing parties. In Section 4.2 an example from 
Venezuela is given that not only internalizes the calling externality between the wealthy 
and the poor, but also the subscriber externality.  
 
The discussion so far has suggested that in conjunction with targeted subscription 
subsidies, a reasonable level of economic efficiency can be obtained under retail prices 
that reflect marginal private costs. However, such prices may still not approximate first 
best outcomes because they may not result in efficient decisions by aggregations of 
consumers. For example, while the marginal private cost of a consumerÕs calling demand 
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is probably close to zero (the necessary increment to capacity to satisfy their demand at 
peak is likely small), the marginal private cost of all consumersÕ calling demand is 
typically substantial. Thus while each individual would cover their own marginal private 
cost, it is possible that the marginal private cost of an aggregation of consumers exceeds 
the summed valuations of that group of consumers (implying supply to that group is 
inefficient).  
 
Retail prices that did ensure cost coverage at every level of demand would be sufficient 
for first best efficiency. Unfortunately, such prices are well beyond the scope of any 
regulator. They would need to (1) be nonlinear (for example, so at the margin they would 
reflect marginal private cost, but also captured infra-marginal costs) and (2) to vary 
according to consumersÕ demands even though the costs of supplying those consumers 
were the same (so as to efficiently recover shared costs without excluding low demand 
customers).  
 
Looking ahead for a moment, the difficulty facing the social planner in this respect is 
greatly simplified in the case of wholesale supply. There would often be less than a 
thousand wholesale customers, rather than literally millions. Moreover, it would not be 
uncommon to find that less than ten customers purchase the bulk of interconnection 
services. As a consequence, prices that cover the marginal private cost of individual 
wholesalers are determined at a much higher level of traffic aggregation than prices that 
cover the marginal private cost of individual consumers. While it remains possible that 
some aggregation of wholesalersÕ demands does not cover the marginal private cost of 
supplying that aggregation, this is much less likely than in the case of individual 
consumers. It is also true that if a regulator wished to try to account for such a possibility, 
then it faces a considerably smaller number of aggregation combinations than it would in 
the case of retail prices. However, it probably still remains unrealistic think a regulator 
could efficiently set such prices. 
 
Even ignoring the difficulty of ensuring efficient sub-aggregations of consumption, prices 
that reflect marginal cost have another difficulty. In general they will not recover total 
costs. However, if one is to take the concept of first best prices seriously, it is not 
adequate to merely ensure, in any given short run, that resources are allocated efficiently 
in terms of consumption. Incentives for investment must also be appropriate. Thus cost 
recovery is essential.  
 
This problem would be readily solved if taxes could raised in a first best, that is, non-
distorting, manner. In that case, any deficit could simply be paid for from taxes. But this 
is not possible. All taxes cause distortion, and such distortions, if it is possible, must be 
weighed up against the welfare losses that would arise from having prices that did not 
reflect marginal private cost. Worse, in most cases political constraints prevent taxes 
from being used to fund any deficit created by marginal cost pricing. As a result, first best 
pricing is not possible, which leads to second best alternatives, that is, pricing that seeks 
to achieve first best efficiency subject to constraints, such as a cost-coverage requirement. 
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3.3 Cost-recovery and other second best issues 
Perhaps the most fundamental difficulty with pricing at marginal private cost in 
telecommunications is that it is unlikely to result in cost recovery. The standard second 
best approach to cost recovery is to apply generalized Boiteux-Ramsey prices. 
Unfortunately, identifying such prices is probably beyond the capacity of any regulator.6 
This difficulty is worsened by the need to avoid inefficient bypass (Laffont and Tirole, 
1994, p. 127-129), and to account for impacts of raising prices government policies 
intended to internalize the subscription and calling externalities. As a result, in practice it 
is not possible to effect full-blown Boiteux-Ramsey prices. Despite this, the underlying 
principles of Boiteux-Ramsey prices can be used to inform regulatory pricing decisions. 
 
The Boiteux-Ramsey idea is to mark prices up above their marginal cost so that total 
costs are recovered in a way that minimizes the efficiency losses of having prices above 
costs (if tax dollars can be used to fund the franchise monopolist then prices are marked-
up to the point that the marginal cost of the distortion caused by the mark-up equals the 
marginal cost of the distorting taxes). This essentially involves setting the highest mark-
ups on products that are the least responsive to demand, and that also cause the least 
response in demand for other products. Thus distortions due to the mark-ups are kept as 
small as possible given cost recovery must be effected. 
 
A retail franchise monopolist can most easily impose Boiteux-Ramsey prices, because 
other suppliers are forbidden from engaging in bypass. When entry is possible, the 
standard Boiteux-Ramsey mark-up typically leads to some inefficient facility-based 
entry, since sometimes the marked-up prices exceed an entrantÕs costs, even though these 
costs are higher than the incumbentÕs. Thus, the possibility of entry amounts to another 
constraint on the social planner, and so must reduce welfare compared with the case of 
optimal second best pricing under a monopoly structure. However, looking to Section 4, 
in practice regulation is designed to encourage entry exactly because the social planner 
cannot implement optimal second best pricing. The expectation is that downstream 
competition will substantially relieve the regulatorÕs informational burden. 
 
All this implies a rather demanding program. Allowing for regulatory ignorance, the only 
realistic expectations one can have for Boiteux-Ramsey pricing is that regulatory 
decisions be informed by the basic principles that underline such pricing, and indeed the 
theory of optimal tax. These are twofold: first, mark-ups should be made as broadly as 
possible so as to spread the tax burden; second, mark-ups should be highest where there 
is good cause to believe that demand response will be lowest, and vice versa. 

3.4 Optimal retail pricing: a coda 
The preceding discussion might be summarized as saying that setting either first or 
second best retail prices is hard. In contrast, pricing in effectively competitive markets 
can be remarkably efficient, especially when compared with a regulated alternative. This 

                                                
6 Boiteux-Ramsey pricing is arguably made more practicable by the application of a price cap that uses 
optimal quantity weights (Laffont and Tirole, 1994), even if identif ication of optimal output levels still 
remains outside of any regulatorÕs capability (Laffont and Tirole, 2000, p. 91). 
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suggests that if regulation can enable effective retail competition, without excessively 
distorting input prices, then perhaps the difficulties a regulator faces are less than one 
might initially imagine. 
 
Competitive markets routinely provide multiple services, often with complex 
discriminatory prices. As an example, think about restaurants and imagine you had no 
experience of competitive restaurant supply beyond some price data. Would you consider 
alcohol and desserts to be over priced? Would it surprise you that the relative prices of 
main courses at best only loosely reflect their relative marginal cost? Or that in many 
places bread or chips and salsa are free? Is it right for the bar to have a happy hour when 
prices are lower than other times? Does it make sense for bar tenders to routinely receive 
tips of twenty percent or more when dealing directly with customers, while otherwise 
receive, along with waiters, something less than 20 percent? If you thought these things 
were efficient, would you conclude the restaurant market in a busy section of Paris was 
failing because it had a very different set of norms? 
 
Whatever your answers to these questions, it is unlikely that you, as a regulator, would do 
better by setting prices unconstrained by market forces (as anyone who experienced a 
Soviet block restaurant would attest). Rather, we suggest that whatever failings of the 
restaurant markets in New Orleans or Montevideo, they are superior, in a large part due 
to being highly competitive, to whatever would emerge if a regulator determined prices. 
 
The relative effectiveness of retail competition in recovering costs motivates the next 
section of this report, which seeks to identify wholesale price regulation that will allow 
effective retail competition. 

4 Wholesale regulation 
The Boiteux-Ramsay problem, when expanded to include wholesale prices, is 
considerably more complex than setting only Boiteux-Ramsey retail prices (for an 
illustration see Laffont and Tirole, 1993, pp. 255 ff). This is all the more so when there is 
market power downstream, since upstream prices have to be set allowing for downstream 
mark-ups (for a discussion see Laffont and Tirole, 2000, pp. 124-127). Since we have 
previously argued that setting retail Boiteux-Ramsay prices is unrealistic, this implies that 
setting wholesale, including interconnection, prices that are consistent with retail 
Boiteux-Ramsay prices is even less achievable.  
 
However, our pessimism about the possibility of setting first or second best wholesale 
prices does not imply we should forego regulating wholesale prices. Indeed, quite the 
opposite. To concatenate quotes, ÒThe most important innovation (in recent regulatory 
policy) has been the realization that there is no compelling reason why a monopolist 
should have the exclusive right to use its distribution networkÓ (Foster, 1992, p. 167). 
Rather, obligations to provide wholesale access can Òcome as close as conceivable to 
making the provision of telephone services at retail perfectly contestable and therefore 
regulation of the retail rates simply unnecessaryÓ (Kahn, 1998). The expected result is: 
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(1) a substantial elimination of downstream market power, simplifying the 
regulatorÕs wholesale pricing problem (inefficient downstream mark-ups do 
not have to be offset), and  

 
(2) retail prices that are far more efficient than any regulator could ever hope to 

achieve. As the then chief economist at the FCC put it, Ò[s]moothly 
functioning wholesale regulation (sharing the incumbent's networkÉ)  permits 
and indeed almost demands retail deregulationÓ (Farrell, 1997).  

 
In addition, a focus on wholesale prices has at least two more informational advantages 
over regulating retail prices: 
 

(1) Wholesale regulation seeks to curb market power closer to its source, that is, 
the access network, which ought to make it easier to see how efficient prices 
should be set. In fact, one way of understanding the theme of this note is that 
wholesale prices should not be overly influenced by retail pricing schemes, 
but instead should reflect wholesale costs. Thus, just as facility-based firms 
face capacity-based costs, even if they set retail prices according to some 
other metric, so to should wholesale customers face wholesale prices that 
reflect capacity based costs. 

 
(2) The range of regulated services and wholesale customers are both 

considerably smaller than in retail markets. 
 
The simplifications do not, of course, solve the wholesale pricing problem. Effective 
regulation of wholesale prices requires a good understanding of (1) efficient retail prices 
(hence the discussion of Section 3), and (2) of how wholesale prices impact on the retail 
layerÑ the broad topic of the rest of this paperÑ so the regulator can meaningfully seek 
efficient retail outcomes. 
 
In what follows, one-way and two-way interconnection are defined (respectively in 
Subsections 4.1 and 4.2). It is shown in Subsection 4.1 that, in the simple case of a single 
mature network, CBI pricing is likely to be a good approximation for first best one-way 
interconnection pricing. This example is then used to consider second best 
interconnection prices. When there is more than one access network, then two-way 
interconnection becomes necessary and this increases the complexity of first and second 
best interconnection prices. These issues are discussed in Subsection 4.2. 

4.1 One-way interconnection services on a mature network 
The supply of origination and termination by an owner of an access network to a carrier 
that does not own an access network is called one-way interconnection. The term one-
way interconnection is used because one side of the market only supplies access. The 
canonical example is supply of interconnection to long distance only carriers.  
 
We initially focus on the simple case of one-way interconnection to a single mature 
access network in wealthy economy. An example might be the supply of interconnection 
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services to domestic long distance carriers by a national monopolist in a developed nation 
prior to the development of mobile and other alternative network technologies.  
 
The example is simplifying because it essentially eliminates any need to consider the 
subscriber externality. In a wealthy country with a mature network, most consumers 
would make efficient subscription decisions even when faced with prices that exceed the 
marginal private cost of telephony to some degree. Moreover, to the extent that this was 
not true, the national monopolist has good incentives internalize any material externality, 
as this would increase the value of the network to all its customers (a similar argument 
applies to the calling externality, but also note the discussion in Section 3.2 above). 
Appropriately targeted regulation could solve any remaining problem due to the 
subscription externality in a reasonably non-intrusive way. Finally, the absence of other 
access networks removes any concerns about the value of reaching customers on another 
network. This would be of particular concern for a new and growing network, for 
example, based on a new technology (since the subscriber externality on the growing 
network might play an important role in the efficient expansion of that network). 
 
In this circumstance, and assuming efficient taxation, prices that signal marginal private 
costs to purchasers of interconnection services are first best efficient (at least putting 
aside whether this results in the total valuation of demand for inframarginal traffic being 
less than the incremental cost of that traffic). That is, in the absence of any externalities 
and the need to recover total costs, interconnection is just like any other input. As 
discussed in Section 2, CBI prices are intended to exactly reflect marginal private costs, 
that is, the marginal cost of the capacity that can be attributed to a wholesale customer 
due to the bandwidth that customer demands. As a result, in the simple case of one-way 
interconnection on a mature network, CBI prices likely approximate first best optimal 
prices (at least as thought of in textbooks).  
 
From a practical perspective, we consider that even in this simple case, CBI prices should 
only be imposed as a standby if commercial negotiations fail. We come to this conclusion 
for two reasons. First, in practice CBI prices will differ from marginal cost due to 
outright error, as well as the need to simplify prices for similar services over the many 
possible different network pathways calls can transit.7 Second, as discussed in the coda to 
Section 3, in effectively competitive markets, complex prices are common, and are likely 
efficient as compared with regulatory solutions. As a consequence, it would be better to 
allow commercial interconnection agreements with CBI prices as a default, thereby 
providing the regulated parties with the possibility of choosing Pareto superior options 
unknown to the regulator. 

4.1.1 Comparing CBI prices to per call or per minute prices 
In contrast to CBI prices, consider per call or per minute wholesale prices designed to 
recover the same costs as CBI prices (which are a reasonable approximation of how the 

                                                
7 The extent to which prices have to averaged for calls that transit over different paths is arguably reduced 
in a packet-switched network. In that case, averaging is consistent with assigning probabilities to the paths 
each packet of a transmission will take. This is because ex ante the actual transmission paths the packets 
will take cannot be known. 
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FCC sets long distance interconnection charges, at least to the largest incumbent access 
providers). These never signal the actual cost of a call or a minute. Instead, they reflect 
the average cost of the chosen unit of output, and consequently exaggerate the cost of the 
bulk of supplied calls or minutes, and understate the cost of calls or minutes supplied at 
the busiest point in time.  
 
The wholesale price, however, is the effective marginal cost that wholesalers face, and 
this deeply colors the kinds of prices and forms of cost recovery that emerge in retail 
markets. This can be readily seen by how prices for international calls vary with 
termination charges. For example, calls with termination charges in the range of ten to 
twenty US cents per minute (typically to mobile networks) generally have very high per 
minute prices, and are not included in call buckets. In contrast, calls with termination 
charges in the range of less than two US cents per minute (typically to regulated fixed 
networks) generally have single digit per minute retail prices or can be purchased in 
pools.  
 
One possible objection to CBI prices is that they may make it difficult for retail firms to 
recover costs, most especially in contrast to the case when interconnection rates are set on 
a constant per minute basis. Costs in telecommunications are generally nonlinear and 
tend to fall, often sharply with volumes. This is true of capacity costs, and CBI prices 
would tend to decline with volumes. Further, this is true of important aspects of long 
distance supply, in terms of transmission, switching and, particularly for residential 
customers, customer acquisition. This raises the possibility that firms facing lumpy costs 
that fall with transmission volumes and customer numbers may not be able to recover 
their costs. In particular, standard textbook models of extreme competition, most notably 
when narrowly focused on price, would suggest such cost structures might make 
downstream cost recovery impossible, at least if downstream supply is effectively 
competitive. 
 
Such concerns are overblown for two reasons. First, CBI prices need not be any more 
sunk than per call or per minute rates, but may be sold on spot market terms. Such prices 
would provide no source of risk to firms when they enter a market as these costs cannot 
be stranded by exit. Second, many highly competitive markets allow cost recovery 
despite having cost structures that would not be sustainable if price was forced toward 
marginal costÑ restaurants, corner stores and gasoline stations come to mind. This is 
managed through complex bundling and other forms of price discrimination. 
 
While it is tempting to think of the long distance market as supplying a single product 
this is mistaken. Long distance service (and telecommunications services more generally) 
cannot be thought of simply selling minutes. Rather product differentiation, including 
through branding, customer support, different means of bundling the same kinds of long 
distance traffic (for example, different buckets of minutes, capped call charges), of 
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classifying times-of-day, and of bundling minutes to different locations, all provide 
suppliers with effective means of price discrimination.8  
 
Another important advantage of CBI prices over traditional per minute and per call prices 
is that they are naturally suited to dealing with network convergence and new 
technologies. For example, consider a new generation access network that uses packet-
based transmission all the way to the customerÕs equipment. An interconnection demand 
from a provider of streaming video probably could not be meaningfully priced on a per 
minute basis. Certainly, a price scaled up by bandwidth would be prohibitive. But prices 
that were not scaled would provide incentives for parties facing a relatively more 
expensive (in terms of bandwidth) price, to pass off their data as being the kind with the 
lowest price. In contrast, CBI guarantees uniformity, since the capacity units do not 
depend on the sort of information transmitted. Moreover, while CBI prices on their own 
would constrain retail price discrimination, and hence retail cost recovery, the regulated 
supply of unbundled local loop places similar limits on price discrimination.  
 
CBI also places the access seeker on the same footing as the access supplier, in that the 
access seekerÕs costs, just as the access supplierÕs investment costs, are capacity-based. 
Similarly, costs on mobile networks are driven by capacity. Thus CBI pricing naturally 
translates into this setting. 

4.1.2 Second best considerations: Allowing for cost recovery by the 
wholesaler 

For exactly the reasons discussed in Section 3.3 above, first best interconnection prices 
would be unlikely to allow the national monopolist to cover its inframarginal costs, 
notably the costs of corporate overheads and the access network. Efficient second best 
retail prices would contribute toward the recovery of these costs. However, such prices, 
unless supported by the underlying wholesale charges, could not emerge and be sustained 
in a competitive retail market. In particular, while competition downstream would likely 
support full recovery of all downstream costs, if wholesale prices purely reflected the 
marginal cost of capacity, then competition would be likely to bid away any quasi-rents 
necessary to cover the access providerÕs upstream inframarginal costs. 
 
One obvious solution to this, following per minute interconnection pricing, would be to 
impose a per origination and termination minute surcharge that falls with the number of 
origination and termination minutes at a given exchange. Alternatively, and more 
consistent with CBI prices, there could be a mark-up on the CBI prices.9 In either case, 
the key difficulty facing the regulator would be determining what contribution long 
distance calling should make toward inframarginal wholesale cost recovery. Realistically, 
                                                
8 Arguably over time, long distance competition in countries like the US eventually led to the 
commoditization of long distance minutes. If so, the process took well over a decade, and in any case has 
largely led to new forms of differentiation through bundling access and services with long distance service. 
9 We assume that cost recovery must be effected through interconnection charges, rather than by a retail 
tax. While standard tax theory suggests a retail tax would typically be more eff icient, it is not immediately 
obvious that wholesalers would not be more efficient in recovering costs. Note also that if  charges for cost 
recovery are levied on other forms of access, for example, unbundled local loop, then efficiency requires 
that such charges be levied on all forms of access.  
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it is likely that the best a regulator could do is to build a relatively simple retail model of 
access, local call, long distance, vertical and perhaps other services, and determine 
Ramsey mark-ups in that scenario. The results would then be used to approximate the 
total cost contribution that should be obtained from long distance services. It would likely 
be easier, at least given regulators experience with per minute charges, to translate the 
determined contribution into per origination and termination minute charges than it 
would into CBI style charges. However, this is due to the fact that currently few 
regulators are familiar with CBI charges and their impact on wholesale demand. This 
would change over time if CBI prices were adopted. 
 
Prices set as just described would not distinguish between originating and terminating 
traffic, since such a distinction is unnecessary when traffic originates and terminates on 
the same network (one-way interconnection on a single network). This, however, might 
not be efficient more generally. In the case of interconnection when a long distance 
carrier connects traffic between different networks, and also of direct interconnection 
between access networks (discussed in the next section), it may be that the demand 
elasticities imply higher mark-ups for call termination than on call origination. (Such an 
outcome may be similarly managed with a two-tariff regimeÑ one for intra-network and 
another for inter-network callsÑ but would raise questions of competitive neutrality. 
Could the playing field be said to be level if there were a dominant incumbent and within 
network interconnection fees were lower or higher than inter-network fees?) 

4.2 CBI: Moving beyond a single access network  
When there is more than one access network, then a second form of interconnection, 
called two-way, becomes possible. Two-way interconnection arises when a call originates 
on one access network and terminates on another. The term two-way refers to the fact 
that the originating and the terminating network supply access to each other (in contrast, 
a pure long distance carrier does not supply access). Closely related to two-way 
interconnection is the concept of a two-sided market, that is, a market in which each side 
brings an external benefit to the other (Rochet and Tirole, 2003). Due both to the 
subscriber and the calling externality, subscribers on any one network benefit from the 
presence of subscribers on any other (for a specific example with telecommunications 
networks see Wright, 2002). 
 
In general, when there is more than one access network, setting efficient interconnection 
prices (including for one-way interconnection) is more complex than determining 
(necessarily one-way) interconnection prices on a single network. This is because 
origination fees may be earned by one access network provider and termination fees by 
another. Consequently, origination must be considered a different service to termination. 
This is not so on a single network since the access network monopolist always gains both 
the origination and termination charges. In that case, it does not matter how the total 
charge is divided between origination and termination. 
 
First best efficient retail pricing for two-way interconnection generally requires prices on 
both sides of the market equal to the CBI price less the marginal benefit gained by the 
other side of the market (Armstrong, 2006). This implies retail prices cannot recover 
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costs (Bolt and Tieman, 2005). Such retail prices however, may not be necessary to 
achieve first best efficiency. For example, the same arguments made in Section 3.2 apply 
the case of interconnection between two mature geographic access monopolists with 
relatively wealthy customers (say SBC on the west coast and Verizon on the east, or 
British Telecom in the UK).  

4.2.1 CBI and per call or per minute pricing with more than one 
access network  

CBI prices are superior to standard per call or per call minute interconnection prices 
when there is more than one access network for the same reasons given in Section 4.1.1 
above. In addition, under two-way interconnection and in contrast to CBI prices, per call 
or per minute interconnection prices (1) distort wholesale competition, for example, 
leading to inefficient competition to engage in inefficient bypass for high volume call 
originator and to inefficiently compete for call sinks, and (2) are completely unsuited to 
billing demand for interconnection of new non-voice services. 

4.2.2 CBI and bill and keep 
 
Bill and keep is a simple means of determining two-way interconnection. It requires that 
networks only recover costs from their retail customers. Put alternatively, bill and keep 
implies carriers do not charge each other for use of their networks.  
 
Bill and keep prices, when applied to one-way interconnection, grant long distance 
carriers obligation-free use of access suppliersÕ networks. If long distance supply is 
competitive, then long distance services could not contribute toward either (1) fixed 
access costs (which is consistent with first, but not second, best pricing), or (2) 
incremental costs incurred due to long distance traffic (which is inconsistent with first 
and second best pricing). 
 
In the case of two-way interconnection on mature networks when there is competition for 
interconnection services beyond the point of traffic concentration, CBI and bill and keep 
are identical and consistent with first best pricing (at least at the margin). In such 
circumstances, under CBI the regulator only needs to set prices for use of the access 
network. Since access network costs do not vary with volume, this amounts to a zero 
interconnection charge, that is, bill and keep. However, if prices for interconnection 
services beyond the point of traffic concentration require regulation, then, while bill and 
keep prices are always zero, CBI prices are positive and again first best.  
 
A CBI approach also suggests zero two-way interconnection charges (bill and keep) 
between two mature networks when they have symmetric structures and costs even if 
competition for interconnection services beyond the point of traffic concentration is 
weak. The argument here is that traffic flows between such networks are likely to be 
balanced, and so the costs that each network imposes on the other would on average net 
out. Consequently, obviating the need for metering and billing would reduce costs while 
being unlikely to distort demand on either side of the market. Notice, however, that bill 
and keep can be inefficient means of interconnecting mature networks, if they are 
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asymmetrical, or if symmetry is endogenous. For example, bill and keep makes 
customers who make a lot of outbound calls attractive, and those who tend to receive, but 
not make, calls unattractive, which also means bill and keep makes wealthier customers 
attractive, and poorer customers unattractive. Similarly, bill and keep makes customers 
who are expensive to serve, for example, in less dense or difficult to serve areas, less 
attractive than is efficient if they generate inbound calls. This may lead to inefficient 
competition for such customers. 
 
The regulatorÕs task is somewhat more complex when one network is mature, and a 
second is based on a new technology, or targets a group of people whose decisions to 
subscribe tend to be marginal. In either case, some subsidy toward subscription decisions 
on the second network is, in general, called for. Consider first the introduction of a new 
technology, say, mobile service. Fixed line customers benefit from being able to reach 
people who, except for their mobiles, could not be contacted. However, even wealthy 
consumersÕ subscription decisions for a new technology are likely to be impacted by 
price. It is therefore plausible that discounting the marginal cost of mobile service by the 
benefit fixed line callers gain from the service would provide price signals that allow 
efficient expansion of the new service. Similarly, consider two networks, one with 
relatively wealthy customers who by and large would pay the marginal private cost of 
subscription, and another network that targets marginal customers. An example might be 
a network in a wealthy region or country and another network in a poorer region or 
country, especially if the latter also has higher marginal private costs (for example, due to 
lower line density). In this case, subsidizing poorer users of the second network may well 
be optimal. 
 
There are, however, some practical difficulties in implementing optimal subsides. First, 
identifying the optimal subsidy is a difficult task. Second, once identified, the subsidy 
would likely need to be funded within the industry. In that case, the customers on the 
mature (wealthy) network who benefit from being able to reach customers on the new 
network are the natural tax base (in terms of minimizing distortion of choice).  
 
As before, the required subsidies should be targeted, for example, through a rebate on 
subscriptions to the service based on the new technology (or poor network). However, 
this may not always be possible if calls cross jurisdictional boundaries (for example, an 
international border).  
 
The regulatorÕs task in distributing subsidies is greatly eased when there is competition 
for customers who require subsidization (as, for example, often can be the case where 
competing networks roll-out serviceÑ mobile services provide an example). In that case, 
the regulator can impose a tax on calls that terminate on the networks to be subsidized. 
Competition by the subsidized networks for those call termination revenues, and 
ultimately for subscribers, will ensure that any revenues above cost that are transferred 
from the subsidizing networks to the subsidized networks are passed on to customers (the 
waterbed effectÑ see, for example, Littlechild, 2006). 
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Competition can also be helpful in other, sometimes surprising ways, which calls of an 
open mind on the part of regulators. An ultimately tragic example comes from 
Venezuela. There, telephony suppliers, including the main mobile supplier, have 
traditionally targeted the wealthy, since it is the wealthy who could afford cost-covering 
prices. That this was suboptimal was made obvious in practice by a new mobile network 
that specifically targeted poorer customers. 
 
The new mobile service was offered on an AMPS mobile network, often using 
secondhand network equipment and handsets. Subscription prices were low, and 
outbound calls were sufficiently expensive that the networkÕs predominantly poor 
subscribers rarely made such calls. However, inbound calls were free to the subscriber. 
The effect was that, even though the technology was cheap, fees from subscribers did not 
recover network costs. 
 
Despite the deficit between costs and subscription fees, the AMPS network was kept 
profitable by substantial termination fees earned from calls originating off net. Wealthier 
members of the community made these calls from fixed lines or from modern mobile 
networks. Suddenly gardeners, child-minders, maids, and laborers were available in a 
way that had been previously unimagined. Equally, finding work less and less often 
required traveling long distances, often without any result. Instead, for a relatively low 
monthly fee, work found you.  
 
The effect was that the relatively rich users of other networks were subsidizing the 
relatively poor users of the AMPS network to everyoneÕs benefit. Moreover, there was 
little migration by the wealthy from expensive mobile networks to the relatively cheap 
AMPS network. Despite the relatively low cost of the AMPS service, wealthier 
individuals preferred more expensive mobile services to the cheaper service for at least 
two reasons: (1) the AMPS service did not offer the bells and whistles of a more modern 
network, and (2) the AMPS handsets were clunky (an important factor among the status 
conscious wealthy). 
 
While one might argue as to whether this arrangement constituted Nirvana, it seems to 
have offered a significant Pareto improvement over the status quo and illustrates not only 
that optimal pricing on one side of a two-sided telecommunications market might 
subsidize costs on the other, but that market forces may even be capable of achieving this 
goal. Sadly, the regulatory authorities in Venezuela considered the cheaper networkÕs 
pricing plan as treating the poor unfairly, that is, as being discriminatory in a pejorative 
sense, and foreclosed the high termination charges that sustained the cheaper networkÕs 
business plan.  
 
Cost recovery issues also apply to two-way interconnection, even when prices set to 
cover marginal private cost are first best, and all the more so if a subscription subsidy is 
optimal. As before, it is unlikely that a regulator can identify full-blown second best 
prices, but can seek to apply Boiteux-Ramsey principles when setting prices. For 
example, for calling party pays (CPP) calls, it is likely more efficient to mark termination 
rates up much more sharply than origination charges (and vice versa for receiving party 
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pays calls, like 800 numbers). There are two points to be made. First, as different 
services, both call origination and termination should be taxed to ensure cost recovery 
(the tax base should be as broad as possible). Second, and for simplicity focusing on the 
CPP calls, while the demand elasticity for call origination is likely quite high (consider 
the ability of a VOIP provider or unbundled local loop provider to avoid these), demand 
for call termination is highly inelastic. For example, the calling party generally has a 
much better idea of the value of the call to themselves, than the called party has. 
Consequently, the calling party is more likely to be less responsive to price than the 
calling party. In the case of calls to mobile networks, the calling party often has very few 
options for quickly reaching the called party, not knowing their physical whereabouts. 
Hence substitution toward another network is not likely (which is related to why mobile 
termination charges, even when mobile supply is highly competitive, have received so 
much regulatory attention in recent years). While the degree to which a network has 
market power over call termination is sometime exaggerated, it is true that it is costly for 
retailers to set multiple prices for calls terminating on different networks, and that retail 
consumers often would not know what those prices are, or what network the party they 
wish to call uses.  

5 CBI in practice 
 
At this juncture, several international jurisdictions have approved some version of CBI 
and are at various levels of implementation.  We describe briefly each countryÕs decision 
and comment from the perspective of the points raised in this paper. 
 
Spain.  Spain is recognized as the European pioneer of CBI.  The decision on the part of 
CMT in August of 2001 allowed Telef—nica de Espa–a to publish a reference 
interconnection offer on a capacity basis.  Unfortunately, wrangling over the terms of the 
definition and costing of interconnection have been ongoing, and to our knowledge there 
have not been either one-sided or two-sided interconnection agreements signed using a 
CBI approach.  Telef—nica has submitted to the ITU a paper describing its proposal for 
costing, outlining a number of what it perceives as technical difficulties with the 
implementation (Telef—nica, 2003). In addition, the CMT has proposed that capacity 
requirements be estimated using a factor multiplied by the actual usage in the 
interconnection.  While such a factor can indeed be calculated, such an implementation 
leads to the concern that if it is applied incorrectly, it will serve as merely another usage-
based tariff and will not lead to the benefits we describe in this paper. 
 
Portugal.  In 2005, Anacom, PortugalÕs telecom regulator, announced that it would hold 
a public consultation on CBI.  In that consultation, Anacom decided that essentially it 
would permit CBI for a limited number of services, eliminating the possibility in several 
of the most helpful cases, such as data services and long distance termination (Anacom, 
2005). It would appear that Anacom fails to understand the potential benefit of treating 
interconnection as a facility rather than a group of services, and it seems likely that this 
consultation will yield little or no benefit. 
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Colombia.  In 2000, ColombiaÕs Comisi—n de Regulaci—n de Telecomunicaciones (CRT) 
became a Latin American pioneer when it explicitly attempted to address the 
convergence issue via interconnection policy.  CRTÕs Regimen Unificada De 
Interconexi—n (RUDI) includes a set of obligations and principles that apply to all 
telecommunications operators and service providers, as well as special obligations that 
apply only to selected operators.   RUDI includes the option of CBI charges. The price is 
calculated based on the premise that the operator providing interconnection for the 
service shall recover its costs of operation, maintenance of the network, plus a reasonable 
profit, independent of the volume of traffic. The operator that purchases capacity assumes 
the risks associated with traffic fluctuations. CRT also set per-minute charging 
alternatives, meaning that operators requesting access have the choice between per-
minute and capacity-based rates (Tamayo, 2003). At this writing it is unclear to what 
extent operators have taken advantage of this alternative. It may be that existing per 
minute rates are set at a level inconsistent with CBI charges. In any case, excessive 
bureaucratic wrangling over costing rules may be preventing full implementation. 
 
Peru.  Peru became the second Latin American nation to introduce the possibility of CBI 
in its interconnection decision of 2003.  In that decision, Osiptel (Organismo Supervisor 
de la Inversi—n Privada en Telecomunicaciones) set a traditional usage-based cost-
oriented rate for termination on Telef—nica del PerœÕs landline network, but announced its 
openness to CBI on the request of the party requiring termination.  At this writing, no 
firm has requested to terminate on TdPÕs network using CBI, nor has TdP requested such 
a rate on any other network.  Osiptel has promised a consultation on determining a cost-
based CBI tariff, but so far has not delivered. 
 
Jordan.  Similarly to the case of Peru, Jordan has issued a consultation document in 2005 
describing its willingness to permit CBI, but has not yet issued rules to implement it.  
JordanÕs situation may be somewhat unique among the countries considered here in that 
the incumbent wireline network, Jordan Telecom, has roughly equal size compared to the 
largest wireless network, FastLink; and the two firms are engaged in fairly intensive 
rivalry.  If JordanÕs Telecommunication Regulatory Commission, TRC, implements CBI, 
Jordan Telecom will face an interesting decision in pursuing capacity-based 
arrangements.  It will possibly lose revenue in terminating international traffic, but may 
gain it back on terminating traffic on FastLink if it is able to market off-net traffic 
appropriately. 
 
In spite of the promise that the CBI approach would appear to offer, it is not yet clear that 
in practice it will offer the benefits that could be envisioned by its proponents, perhaps 
because of faulty implementation.  It is not obvious why the faulty implementation has 
occurred. This may partly be due to the novelty of the idea, which requires a ground up 
reconsideration of interconnection. Moreover, the small countries that have considered 
CBI likely cannot provide their regulators with budgets capable of developing a new 
approach. Speculation also leads to the possible conclusion that most of the countriesÕ 
regulators face a heavily dominant incumbent with relatively weak rivals, and thus lack 
the political will to implement a policy with such potentially strong pro-consumer effects.  
The one exception, Jordan, seems to suffer from a different regulatory problem:  a lack of 
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leadership since the departure of its former chair coupled with a bleeding of expertise 
among the staff. 
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