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Abstract

Capacity-based interconnection (CBI) prices vary exactly with the cogs a network
provider incurs when supplying an interconnecting party. Tha is, they equd incremental
cods, rather than beng averaged over any output measure. We arguesuch prices (1) are
as practicable and more efficient than per minute rates based on longrunincremental
cog, (2) are more efficient than bill and keep, and (3) with mark-upsfor cog recovery,
are apractical andrelatively efficient meansof pricing wholesale interconnection
services, well-suited to both circuit and packet-based networks.

1 Introduction

Capacity-based interconnection (CBI) sets prices equd to theincremental cog of
interconnection. In terms of cog causation, ademand for interconnection amounsto a
demand for capecity. ThusCBI charges theinterconnecting party, on atake it or leave it
basis, thefull cost of theincrement of capacity necessary to meet demand. No scaling of
thequoted pricefor highe or lower demandis possible. If theinterconnecting party
wants to interconnect more or less traffic requiring more or less capacity theniit is
charged anew price based ontheincremental cos of that capecity.

Proposng CBI* is notnew (in the context of broadband see Mitchdl and Vogdsang,
1991,259262 and Levin, 1988) yet in our view such prices are (1) as practicable and
more efficient than per minute rates based on longrunincremental cos and, (2) more
efficient than bill and keep.®> More generally, the paper argues that CBI, with some mark-
upsfor cod recovery, isapractical andrelatively efficient meansof pricingwholesale
interconnection services, induding on converging neworks.

CBI cogs are consdered in Section 2. Demand for interconnection servicesis derived
from demandfor retail telecommunicationsservices. As a congquence, to undestand the
gist of our practical and efficiency argumentsit isimportant to undestand wha is
efficient at theretail level, aswell as the problem of monopol, which wholesale price
regulation seeks to address. Section 3 consdersfirst and second best retail pricing, andis
used to provide alaundhing pad for discussion of first and second best efficient wholesale
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* For the purposes of this paper, we assume that a case has been made for interconnection regulation.

® For the purposes of this paper, we assume that bill and keep is not more efficient 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
consdered in Section 5.

2 Capacity Based Interconnection (CBI) Pricing

Fairly recent interest in battom-up engineering-economc cos modds of telephone
networks has made nework engineering more accessible to econonists (see, example,
Gasmi, Kennet, Laffont, and Sharkey, 2002) Besidesthdr uses as policy and
investigative tools, these moddsreveal agreat deal abouthow cods are driven within a
network.

From a purely econorric standpoint, nework cods can bedivided into three main
categories. By far thelargest component are essentially pure fixed cods, such asthe
infrastructure used to carry wire between network nodes and the buildingsused to house
switches, microwave equipment, cellular antennas, and the like. For example, applying
thefirst author@ cost modd for wireless networksin a developing county context
reveas tha these infrastructure cogs, induding those causally assignable to cusomer
lines, butnot to peak-hou traffic, amountto about97 percent of total cods. Similarly, the
cods of outside plant parsin the case of fixed neworks and line cardsin both fixed and
wireless networks are a subgantial percentage of total cogs and common to many
services (Gabd and Kennd 1991) Codstha vary with thevolume of traffic that can be
carried during a period of maximum demand indude much of the cog of switching,
trunking, tranamission (other than pure infrastructure), and spectrum. The cods of each of
these elementsis generally measured per unit of capecity, where capeacity is expressed as
any of E-1s T-15 erlangs ccs, or MHz. Thecase of afixed linenawork isillugrated in
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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.

Undea CBI interconnectionis priced to equd the cogs of supplying a given volume of
maximum demand traffic. Thisisin contrast to standard measures of usage, such as calls
or call minutes or seconds used in regulatory practice. Thecog impact of
interconnection minutes dependson when they occur, in particular on whether or notthey
occur when traffic peaks. However, standad interconnection agreements treat all minutes
asidentical, and as aresult, theresulting tariffs donot bear a direct or even goodrelation
to what drives cods.

Implementing CBI requires tha theincremental cost of capacity in each network
component mug becalculated. In Section 5 bdow, we give an example of a calculation
usng an engineering-econormic cos modd. Theresult isacog per peak-hou erlang, or
per E-1 for the period equd to thelongest life of any asset necessary to supply. The
interconnection regime would then offer amenu of CBI prices, thelowest of which
would reflect the estimated cogts, but require a Quse-it-or-lose-itOcommitment for a
period equd to thelife of themog durable asset. Theregulator could also set CBI prices
for shorter time commitments, thoughthe correct rates would beless easy to deermine
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Alternatively, theregulator could merely require availability for any shorter time period.
Arguably, if theaccess supplier soughtto set prices significantly abovecog, then a third
paty would buy longterm capecity at theregulated price and re-lease interconnection
services for shorter time periodsat prices closer to cods. Theresulting prices, whether
determined by market forces or theregulator, would presumably rise as thetime
commitment fell, reflecting a premium to compensate the supplier for ingalling sufficient
capecity to meet unaertain demand. The highest price would be a spot price tha would
allow firmsto bebilled ex post according to thevolumes they used withoutany
commitment.

Thedecision on howto trandate these CBI pricesinto retail ratesis abusness decision
of theinterconnecting firm, which can price usage capacity, some combination of these,
or anything else it should choo%.

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 beyondthe paint of traffic concentration. While thisis
nottypically the case on mog networks, in the US regulatory forbearance can occur in
locationswhere tranamission between interconnecting networksis essentially a
competitive service.

3 First and second best retail prices

This section starts by consdeingfirst best efficient retail pricesin telecommunications
Such prices are likely as easy to achieve as Nirvana (Demsetz, 1969) and should
therefore be undestood as providing a didactic framework rather than be seen as gods.

Thenext subsection (3.2) demondrates tha in practice the subscriber and calling
externdities need not bedirectly accounted for in setting first best interconnection prices.
Thecalling externdity is generaly unlikely to distort choice. This may also betrueof the
subgcriber externdity in wealthy countries with mature networks. However, ifthe
subgcriber externdity is material, thenit is probably best dealt with throughtargeted
subgdies administered by theregulator (even if funded fromwithin theindugry). Thus
in practice the subsriber and calling externdity do not require setting prices different
frommargind private cos (unless an indugry-based tax to fundany subsdiesis required,
amatter which is dealt with in Section 3.3).

Unfortunaely, first best prices remain complex for another reason. First, in general, the
incremental cods of al demand aggregaions and necessarily, that of total demand, need
to besignded throughprice (tha is, overall service provision mug always befunded
otherwise future investment in any regulated indugry will beinefficiently low).
Subsection 3.3 discusses second best retail pricing designed to ensure efficient cog-
recovery while minimizing inefficient bypass. Themain message here istha second best
(Boiteux-Ramsey) prices are too complex to formaly implement, but price regulation can
be guided by theprindples that undelie the Boiteux-Ramsey approach.
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Subsection 3.4 condudes with areminde that competition commonly solves thekind of
complex pricing problems jug discussed tha regulators areill-equipped to deal with. As
aresault, if wholesale regulation (thetopic of Section 4) can alow effective retail
competition, then relative to regulation, efficient prices may emergein retail markets.

3.1 First best efficient retail prices

Thetextbookrequirement for first best efficient pricesisthat they reflect margind sodal
cods, beng margind private cods plusany margind externd benefits or cods. In retail
telecommunications margind private cogs broadly amountto:

* access codstha can beattributed to a given cugomer (rougHy thenetwork
interface device, theline between the cusomer@ premises and the point of traffic
concentration, and the cugomer line card or similar);

* any traffic cogstha are solely incurred dueto thecusomer (these are effectively
zero for virtudly all residential and small busness cusomers);

* billing cogs such as mailings tha can beattributed to the cusgomer.

Two spillover bendfits potentially complicate efficient pricingin telecommunications the
subgriber externdity and the calling externdity. The subscriber externdity arises
because telephonesubscribers on average benefit when another person joinsthe network.
If the sub<cription price does notdiscountmargind private cos by the bendfit existing
subgcribers gain from anew subscriber, then amargind subsriber may choos notto
subscribe when sub<cription would be efficient.

Thecalling externdity occurs because both caller and called party typicaly benefit from
aphonecall. Thus acall isoptimally made and received so longas the sum of the
margind valuation placed onthecall by both the caller and the call recipient exceedsthe
margind private cog of thecall. In general, to achieve this, a price mug be charged to
both sides of thecall. TheLindéahl price is ong amongmany, ways of achieving optimal
calling prices. It price discriminates by splitting the margind private cog of each call
according to therespective shares of the summed margind valuaion of thecaller and the
called party.

Thesubgription and calling prices jus described adequaely reflect margind soda cods
in thesense thd at the margin norationd consumer would choo to notto purchase a
subscription or make or receive acall when it would be optimal for them to do so. Such
prices, however, onthdar own may notbefirst best efficient because they are unlikely to
cove infraamargind (sodal) cods. If isthisis so, then it is probable tha excess
consumption will occur infraamargindly. For example, assume the margind private cos
of acall iszero, buttha theincremental private cost of 10,000callsin aday over the
course of ayear to or fromacalling center is $100a day. Consder caling centers tha
only make outboundcalls. Further, to removethe complicating effect of thecalling
externdity, assume call recipients valuetheinformation they receive fromthecalling
center asjug being equd to cog of theinterruption to ther schedules. If calling center
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owners pay zero, rather than $100aday, then calling centers will likely overuse the
network.

Consquently, wherever this might occur, first best efficient prices mug also have
inframarginad components tha ensure individud cusomers, and for tha matter,
aggregaionsof individud cugomers (perhgposagan throughLindahl prices where cods
are shared by more than oneconsumer) face signds tha reflect incremental sodal cods.

An extremely widerange of prices could satisfy these conditions thoughthey are likely
to represent only a miniscule propation of all possible prices. Mog such prices, if they
could befound andit is unlikely, would notensure total cos recovery. Asaresult, long
run efficiency would further require finanang from non-distorting taxes (nondistortionis
required if first best standardsare to be maintained). Alternaively, only prices tha
recove overall cods could beconsdered. For example, total cos recovery is assured
when prices aways sumto theinaemental cog of any aggregation of demand, induding
total demand. Such prices would require complex price discrimination given the
externdities and cog sharing jus described and are even less likely to beidentifiable, let
alonepracticable.

3.2 Managing the subscriber and calling externalities

In practice, the sub<criber and calling externdities present fewer difficulties for pricing
than the previoussubgection suggests. In the case of mature networks, the subcriber
externdity probably has only alimited impact on margind choices, and so may be
addressed by targeted subsdies. Thecalling externality, if important, can beinterndized
by the market, so isunlikely to bea source of efficiency loss.

Thesubgriber externdity need notresult in indficiently low sub<ription 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 enauring all subscription prices are discounied by
the value of the externdity. Consder a county where (1) all consumersOincomes are
high relative to the margind private cog of sub<ription, and (2) existing telephony
networks have long been established. In these circumstances, it is possible tha even if
prices are set at or somewha abovemargind private cods, so are notdiscounied to
reflect the value of thenew subgcription externdity, optimal levels of subscription will
result. Thiswould occur if the externdity does not affect choice at themargin. In tha
case, thevaluaionsof even relatively low demand consumers exceed the margind
private cos of subscription (see Figure 2 for two examples). As aresult, no consumers
fail to subscribe because thevaluaion of thar subscription by other indviduds was not
reflected in price.
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Figure 2—Examples of when externalities do not result in inefficient demand

Inreality, if prices are set equd to margind private cods, then some consumers (evenin
thewealthiest of countries) will nat subscribe when it would be efficient for them to do
s0. Cases in point are congumers with low incomes and/or consumers who are expensve
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to supply. However, at least in the case of mature neworks, subsdies targeted towards,
for example, the urban poor, and high cos sub<cribers (agan with ameanstest) are likely
to be far more effective (and hence efficient) than a generalized subsdy on all
subgription decisions

Prices set to margind private cos are probably ingopropriate in the case of networks with
subgantia roomfor growth (whether atraditiond network in a poorcounty where
penerationis still low, or anew, say, 3G network), as these will hinde network roll-out
In these circumstances, while targeted subddies are likely to be necessary, efficient
targeting is probably beyondtheskills of aregulatory authority. Yet all isnat log.
Evidence from mobile and other telecommunicationssupply with some degree of
competition suggests tha market forces can provide effective means of subsdizing
network rollout We provide a particular striking example of such market behavior in
Section 4.2.2, where wholesale interconnection pricing is consdered, as firmsOcapecity
to subsdize subgription decisionsis intimately linked with interconnestion policies.

Moving on, thecaling externdity is virtudly impossible to take accountof through
regulatory pricing. Lindanl pricing for callsisimpractical, as the calling externdity varies
significantly from onecall to the next, and there is no meansby which a soda planne
could dicit truthful estimates of thevalueeither side of acall placesonit. More
restrictively, it iscommonto price oneside of acal only (usudly thisisthecalling paty,
butin some cases, notably mohile telephonyin theUS, it isthereceiving paty; charging
both the caller and the calling party also occurs, for example, when ametered call is
madeto a mobile phonein the US).

Despite this, when a price reflecting margind private (notsodal) cos is charged only to
onesideof acal, thecalling externdity is readily interndized by both formal and
informal means Themos obviousmeans of internalization come from informal call
reversal. Many examples spring to mind. People with an established relationship, who
can equdly afford to make a call, often aternate caling. In relationipswhere oneparty
can afford the calls tha the other might hesitate to make when both parties would in net
bendfit, thewealthier party may call more frequently, andindeed even jud to seeif the
other party wanted to communicate. Examples would indudesomeonewho makes
frequent callsto he retired parents, or to his child at college Carriers aso provide means
by which those who wish to receive calls can signd this demand. One party, for example,
an employer, can provide calling cardsto someoneel se (employees) to ensure important
calls are made reverse charges calls provide asimilar Gpot marketOservice; while 800
numbers reverse the subgdized and subddizing parties. In Section 4.2 an example from
Venezudais given tha notonly interndizes the caling externdity between the wealthy
and the poor, butalso the subscriber externdity.

Thediscussion so far has suggested tha in conjundion with targeted subscription
subgdies, areasonable level of economic efficiency can be obtained unde retail prices
tha reflect margind private cogs. However, such prices may still not approximate first
best outcomes because they may notresult in efficient decisionsby aggregationsof
consumers. For example, while themargind private cog of a consumer@ calling demand
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is probably close to zero (the necessary increment to capecity to satisfy thar demand at
peak islikely small), themargind private cog of dl consumersCealling demandis
typically subgantial. Thuswhile each individud would cover their own margind private
cog, it ispossible tha themargind private cog of an aggregaion of consumers exceeds
the summed valuaionsof tha groupof consumers (implying supply to tha groupis
inefficient).

Retail pricestha did ensure cog coverageat every level of demand would be sufficient
for first best efficiency. Unfortunaely, such prices are well beyondthe scopeof any
regulator. They would need to (1) be nonlinear (for example, so at the margin they would
reflect margind private cog, butalso captured infraamargind cogs) and (2) to vary
according to consumersOdemandseven thoughthe cods of supplying those consumers
were the same (s0 as to efficiently recover shared cogs withoutexcluding low demand
cugomers).

Looking ahead for amoment, the difficulty facingthe soda planne in thisrespect is
greatly simplified in the case of wholesale supply. There would often belessthan a
thousnd wholesale cusomers, rather than literally millions Moreover, it would notbe
uncommon to find tha less than ten cugomers purchase the bulk of interconnestion
services. As aconsquence, pricestha cover themargind private cos of indvidud
wholesalers are determined at a much highe level of traffic aggregation than prices that
cove themargind private cos of individud consumers. While it remainspossible that
some aggregation of wholesal ersOdemandsdoes not cover themargind private cog of
supplying tha aggregation, thisis much less likely than in the case of individud
conaumers. It isalso truetha if aregulator wished to try to accountfor such apossibility,
then it faces a consderably smaller nunber of aggregation combinaionsthan it would in
the case of retail prices. However, it probably still remainsunrealistic think aregulator
could efficiently set such prices.

Even ignoring the difficulty of enauring efficient sub-aggregationsof consumption, prices
tha reflect margind cogs have another difficulty. In general they will not recover total
cods. However, if oneisto take theconaept of first best prices serioudy, it isnot
adeguae to merely ensure, in any given short run, tha resources are allocated efficiently
in terms of consumption. Incentives for investment mug also be appropriate. Thuscog
recovery isessential.

This problem would bereadily solved if taxes could raised in afirst best, tha is, non
distorting, manne. In tha case, any deficit could smply be pad for from taxes. But this
isnotpossible. All taxes cause distortion, and such distortions if it is possible, mug be
weighed up agang thewelfare losses tha would arise from having prices that did not
reflect margind private cog. Worse, in mos cases political congraints prevent taxes
frombeing used to fund any deficit created by margind cog pricing. As aresult, first best
pricingis not possible, which leadsto second best alternaives, tha is, pricing tha seeks
to achieve first best efficiency subject to congraints, such as a cog-coverage requirement.
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3.3 Cost-recovery and other second best issues

Perhgpsthe mog fundamental difficulty with pricing at margind private cog in
telecommunicationsisthat it isunlikely to result in cog recovery. The standad second
best approach to cod recovery isto apply generalized Boiteux-Ramsey prices.
Unfortunaely, identifying such pricesis probably beyondthe capacity of any regulator.’
This difficulty isworsened by the need to avoid inefficient bypass (Laffontand Tirole,
1994,p. 127-129), and to accountfor impacts of raising prices govenment policies
intended to interndize the sub<ription and calling externdities. Asaresult, in practice it
isnot possible to effect full-blown Boiteux-Ramsey prices. Despite this, theundelying
prindples of Boiteux-Ramsey prices can be used to inform regulatory pricing decisions

The Boiteux-Ramsey ideaisto mark prices up above thar margind cog so tha total
cods are recovered in away tha minimizes the efficiency losses of having prices above
cods (if tax dollars can be used to fundthe franchise monopolst then prices are marked-
up to thepoint tha themargind cog of the distortion caused by the mark-up equds the
margind cog of thedistorting taxes). This essentially involves setting the highest mark-
upson produdsthat are theleast responsve to demand, and that also cause the least
respong in demand for other produds. Thusdistortionsdueto themark-upsare kept as
small as possible given cog recovery mug be effected.

A retail franchise monopolst can mog 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 leadsto some inefficient facility-based
entry, since sometimes the marked-up prices exceed an entrant@3 coss, even thoughthese
cods are highe than theincumbent@. Thus the possibility of entry amounts to another
condraint onthe soda planne, and so mug reduce welfare compared with the case of
optimal secondbest pricing unde amonopdy structure. However, looking to Section 4,
in practice regulationis designed to encourage entry exactly because thesodal planne
cannotimplement optimal secondbest pricing. The expectation is tha downgream
competition will subgantially relieve theregulator@ informationd burden.

All thisimplies arather demanding program. Allowing for regulatory ignorance, the only
realistic expectationsonecan have for Boiteux-Ramsey pricing is tha regulatory
decisionsbeinformed by thebasic prindples that undeline such pricing, and indeed the
theory of optimal tax. These are twofold: first, mark-upsshould be made as broadly as
possible so as to spread thetax burden; second, mark-upsshould be highest where there
isgoodcause to bdieve tha demand respons 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
secondbest retail pricesis hard. In contrast, pricing in effectively competitive markets
can beremarkably efficient, especially when compared with aregulated alternative. This

® Boiteux-Ramsey pricing is arguably made more practicable by the application of aprice cap that uses
optimal quantity weights (Laffont and Tirole, 1994), even if identification of optimal output levels still
remains outside of any regulator@ capability (Laffont and Tirole, 2000, p. 91).
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suggests tha if regulation can enable effective retail compdition, withoutexcessively
distorting inputprices, then perhapsthe difficulties a regulator faces are less than one
mightinitially imagine

Competitive markets routindy provide multiple services, often with complex
discriminatory prices. As an example, think aboutrestaurants and imagine you had no
experience of competitive restaurant supply beyond some price data. Would you congder
alcohol and desserts to be over priced? Would it surprise you tha therelative prices of
main courses at best only loosly reflect ther relative margind cog? Or tha in many
places bread or chipsand salsa are free? Isit rightfor thebar to have a hgppy hourwhen
prices are lower than othe times? Does it make sense for bar tendes to routindy receive
tipsof twenty percent or more when dealing directly with cugomers, while otherwise
receive, alongwith waiters, somethingless than 20 percent? If you thoughtthese things
were efficient, would you condudetherestaurant market in abusy section of Pariswas
failing because it had avery different set of norms?

Whatever your answvers to these questions it isunlikely tha you, as aregulator, would do
better by setting prices uncondrained by market forces (as anyonewho experienced a
Soviet block restaurant would attest). Rather, we suggest that whatever failingsof the
restaurant markets in New Orleansor Montevideo, they are supeior, in alarge pat due
to being highly competitive, to whatever would emergeif aregulator determined prices.

Therelative effectiveness of retail competition in recovering coss motivates the next
section of this report, which seeks to identify wholesale price regulation that will allow
effective retail compdition.

4 Wholesale regulation

The Boiteux-Ramsay problem, when expanded to indudewholesale prices, is
congderably more complex than setting only Boiteux-Ramsey retail prices (for an
illugration see Laffont and Tirole, 1993 pp. 255ff). Thisis all themore so when thereis
market power downgream, since upgream prices have to be set allowing for downgream
mark-ups(for adiscussion see Laffontand Tirole, 2000,pp. 124-127). Since we have
previoudy argued that setting retail Boiteux-Ramsay pricesis unreaistic, thisimplies that
setting wholesale, induding interconnection, prices that are congstent with retail
Boiteux-Ramsay pricesis even less achievable.

However, our pessimism aboutthe possibility of setting first or secondbest wholesale
prices does notimply we should forego regulatingwholesale prices. Indeed, quite the
opposte. To conctenate quokes, Orhe mos important innovaion (in recent regulatory
policy) has been thereadlization that there is no compdling reason why a monopolst
should have the exclusive rightto use its distribution networkO(Foger, 1992 p. 167).
Rather, obligaionsto provide wholesale access can Gzome as close as conceivable to
making the provision of telephoneservices at retail perfectly contestable and therefore
regulation of theretail rates smply unnesessaryO(Kahn, 1998) The expected result is:
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(1) asubdantial eliminaion of downsream market power, smplifying the
regulator@® wholesale pricing problem (inefficient downgream mark-upsdo
not have to beoffset), and

(2) retail pricestha are far more efficient than any regulator could ever hopeto
achieve. Asthethen chief econonist at the FCC put it, Gsmoothly
fundioning wholesale regulation (sharing theincumbent's neworkE) permits
and indeed almost demandsretail deregulationO(Farrell, 1997)

In addition, afocus on wholesale prices has at least two more informationd advantages
ove regulating retail prices:

(1) Wholesale regulation seeks to curb market power closer to its source, tha is,
the access network, which oughtto make it easier to see how efficient prices
should be set. In fact, oneway of undestanding the theme of this note is tha
wholesal e prices should not be overly influenced by retail pricing schemes,
butingead should reflect wholesale cods. Thus just as facility-based firms
face capacity-based cods, even if they set retail prices according to some
other metric, so to should wholesale cusomers face wholesale prices tha
reflect capacity based cods.

(2) Therangeof regulated services and wholesale cusomers are both
congderably smaller than in retail markets.

Thesimplificationsdo not, of course, solve thewholesale pricing problem. Effective
regulation of wholesale prices requires agoodunderstanding of (1) efficient retail prices
(hence the discussion of Section 3), and (2) of how wholesale pricesimpact ontheretail
layerN the broad topic of therest of this pgperN so the regulator can meaningfully seek
efficient retaill outcomes.

In what follows, one-way and two-way interconnection are defined (respectively in
Subsections4.1 and 4.2). It is shown in Subsection 4.1 tha, in thesimple case of asingle
mature network, CBI pricingislikely to bea goodapproximation for first best oneway
interconnection pricing. This example is then used to consder 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

Thesupply of originaion and termination by an owner of an access network to a carrier
tha does not own an access network is called oneway interconnetion. Theterm one
way interconnection is used because oneside of the market only supplies access. The
canonical example is supply of interconnection to longdistance only carriers.

We initially focusonthe simple case of oneway interconnection to a single mature
access network in wealthy econony. An example might bethesupply of interconnection
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services to domestic longdistance carriers by a naiond monopolst in adeveloped naion
prior to the development of mobile and other aternative nework technologies.

Theexampleis smplifying because it essentially eliminates any need to consder the
subgcriber externdity. In awealthy county with amature nework, mos consumers
would make efficient subscription decisionseven when faced with prices tha exceed the
margind private cog of telephonyto some degree. Moreover, to the extent that thiswas
nottrue the naiond monopolst has goodincentives interndize any materia externdity,
asthiswould increase the value of the nework to al its cusomers (a similar argument
appliesto thecalling externdity, but also note thediscussion in Section 3.2 above.
Appropriately targeted regulation could solve any remaining problem dueto the
subgcription externdity in areasonably nonintrusve way. Findly, theabsence of other
access neworks removes any conaerns aboutthe value of reaching cusomers on another
network. Thiswould beof particular conagern for anew and growing nework, for
example, based on a new technology (since the subscriber externdity onthe growing
network mightplay an important role in the efficient expangon of tha network).

In this circumstance, and assuming efficient taxation, prices that signd margind private
codsto purchasers of interconnection services arefirst best efficient (at least putting
asdewhether thisresultsin thetotal valuaion of demand for inframargind traffic beng
less than theincremental cog of that traffic). Tha is, in theabsence of any externdities
and the need to recover total cods, interconnectionisjug like any other input As
discussed in Section 2, CBI prices are intendead to exactly reflect margind private cods,
tha is, themargind cog of thecapacity that can be attributed to a wholesale cusomer
dueto thebandwidth tha cusomer demands As aresult, in the simple case of one-way
interconnection on a mature network, CBI prices likely approximate first best optimal
prices (at least as thoughtof in textbooks.

From a practical perspective, we consde tha even in this ssmple case, CBI prices should
only beimposed as a standbyif commercial negotiationsfail. We come to this conduson
for two reasons First, in practice CBI prices will differ from margind cos dueto
outright error, as well astheneed to simplify prices for similar services over themany
possible different network pathways calls can transt.” Second, as discussed in the codato
Section 3, in effectively competitive markets, complex prices are common, and are likely
efficient as compared with regulatory solutions Asaconsquence, it would be better to
allow commercial interconnection agreements with CBI prices as a default, thereby
providing theregulated parties with the possibility of choosng Pareto supeior optons
unknown to theregulator.

4.1.1 Comparing CBI prices to per call or per minute prices

In contrast to CBI prices, congder per call or pe minute wholesale prices designed to
recove the same cods as CBI prices (which are areasonable approximation of howthe

" 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 atransmission will take. Thisis because ex ante the actual transmission paths the packets
will take cannot be known.
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FCC setslongdistance interconnection charges, at least to the largest incumbent access
providers). These never signd theactud cog of acall or aminute. Ingead, they reflect
theaverage cog of thechosen unit of output, and conequently exaggerate the cos of the
bulk of supplied calls or minutes, and undestate the cogs of calls or minutes supplied at
thebusest pointintime.

Thewholesale price, however, isthe effective margind cog tha wholesalers face, and
this deeply colors thekindsof prices and forms of cod recovery tha emergein retail
markets. This can bereadily seen by how prices for internaiond calls vary with
terminaion charges. For example, calls with terminaion chargesin therangeof ten to
twenty US cents per minute (typically to mobile neworks) generaly have very high per
minute prices, and are notinduded in call budkets. In contrast, calls with termination
chargesin therangeof 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
pooks.

Onepossible objection to CBI pricesistha they may make it difficult for retail firmsto
recove cogs, mog especialy in contrast to the case when interconnection rates are set on
acondant pe minute basis. Codsin telecommunicationsare generally nonlinear and
tendto fall, often sharply with volumes. Thisistrue of capacity cogs, and CBI prices
would tend to declinewith volumes. Further, thisis true of important aspects of long
distance supply, in terms of trangmission, switching and, particularly for residential
cugomers, cugomer acquisition. This raises the possibility tha firms facing lumpy cogs
tha fall with trangmission volumes and cusgomer numbers may not beable to recover
thar cods. In particular, standad textbookmodds of extreme competition, mos notably
when narrowly focused on price, would suggest such cog structures might make
downgream cog recovery impossible, at least if downdream supply is effectively
competitive.

Such concernsare overblown for two reasons Firgt, CBI prices need not be any more
sunk than per cal or pe minute rates, but may be sold on spot market terms. Such prices
would provide no source of risk to firms when they enter amarket as these cogs cannot
be stranded by exit. Second, many highly competitive markets allow cos recovery
despite having cog structures tha would not be sustainable if price was forced toward
margind cosN restaurants, comner stores and gasoline stationscome to mind. Thisis
managed throughcomplex bunding and other forms of price discriminaion.

Whileit istempting to think of thelongdistance market as supplying asingle produd
thisis mistaken. Longdistance service (and telecommunicationsservices more geneally)
cannotbethoughtof simply selling minutes. Rathe produd differentiation, induding
throughbranding, cusomer suppot, different meansof bunding the same kindsof long
distance traffic (for example, different budkets of minutes, capped call charges), of
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classifying times-of-day, and of bunding minutes to different locations all provide
suppliers with effective meansof price discriminaion®

Anothe important advantage of CBI prices over traditiond per minute and per call prices
isthat they are naurally suited to dealing with network convergence and new
technologies. For example, consde anew generation access nework that uses packet-
based transmission all theway to the cusomer@ equipment. An interconnection demand
from aprovider of streaming video probably could not be meaningfully priced onape
minute basis. Certainly, a price scaled up by bandwidth would be prohibitive. But prices
tha were not scaled would provideincentives for parties facing a relatively more
expengve (in terms of bandwidth) price, to pass off thar daa as being thekind with the
lowest price. In contrast, CBI guarantees uniformity, since the capacity units do not
depend on the sort of information tranamitted. Moreover, while CBI prices onther own
would condrain retail price discrimination, and hence retail cod recovery, theregulated
supply of unbundéd local loop places similar limits on price discriminaion.

CBI aso places the access seeker on the same footing as the access supplier, in tha the
access seeker(3 cods, jud as the access supplier® investment codts, are capacity-based.
Similarly, cogs on mobile networks are driven by capacity. ThusCBI pricing naturally
trandates into this setting.

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

For exactly thereasonsdiscussed in Section 3.3 above, first best interconnection prices
would be unlikely to allow the naiond monopolst to cover its inframargind cods,
notably the cogs of corporate overheads and the access nework. Efficient second best
retail prices would contribute toward therecovery of these cogs. However, such prices,
unless suppoted by the undelying wholesale charges, could not emerge and be susained
in acompetitive retail market. In particular, while competition downgream would likely
suppot full recovery of all downgream cods, if wholesale prices purely reflected the
margind cog of capacity, then competition would belikely to bid away any quasi-rents
necessary to cover the access provider® updream inframarginad cods.

Oneobvioussolutionto this, following per minute interconnection pricing, would beto
impo<e a per origination and terminaion minute surchargetha falls with the number of
originaion and terminaion minutes at a given exchange Alternaively, and more
congstent with CBI prices, there could be amark-up onthe CBI prices.’ In either case,
thekey difficulty facing theregulator would be determining what contributionlong
distance calling should make toward inframargind wholesale cog recovery. Redlisticaly,

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 adecade, and in any case has
largely led to new forms of differentiation through bundling access and services with long distance service.
° We assume that cost recovery must be effected through interconnection charges, rather than by a retail
tax. While standard tax theory suggests aretail tax would typically be more efficient, it is not immediately
obvious that wholesalers would not be more efficient in recovering costs. Note also that if chargesfor cost
recovery are levied on other forms of access, for example, unbundled local loop, then efficiency requires
that such charges be levied on al forms of access.
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itislikely tha thebest aregulator could doisto build arelatively smple retail modd of
access, local cal, longdistance, vertical and perhgps other services, and determine
Ramsey mark-upsin tha scenario. Theresults would then be used to approximate the
total cog contributionthat should beobtained from longdistance services. It would likely
beeaser, at least given regulators experience with pe minute charges, to trandate the
determined contributioninto per origination and terminaion minute charges than it
would into CBI style charges. However, thisis dueto thefact that currently few
regulators are familiar with CBI charges and thar impact on wholesale demand. This
would changeove timeif CBI prices were adopied.

Prices set as jus described would not distinguish between originaing and terminating
traffic, since such adistinction is unnecessary when traffic originates and terminates on
the same nework (oneway interconnection ona single nework). This, however, might
not be efficient more generally. In the case of interconnection when alongdistance
carrier connects traffic between different networks, and aso of direct interconnection
between access neworks (discussed in the next section), it may betha the demand
elagticities imply higher mark-upsfor call terminaionthan oncall origination. (Such an
outcome may be similarly managed with a two-tariff regimeN onefor intra-network and
another for inter-network callsN butwould raise questionsof competitive neutrality.
Could theplayingfield besaid to belevel if there were a dominant incumbent and within
network interconnection fees were lower or highe than inter-network fees?)

4.2 CBI: Moving beyond a single access network

When there is more than oneaccess nework, then a secondform of interconnection,
called two-way, becomes possible. Two-way interconnection arises when acall originaes
on oneaccess hework and terminates on anothe. Theterm two-way refersto the fact

tha the originaing and the terminating network supply access to each other (in contrast,
apure longdistance carrier does not supply access). Closely related to two-way
interconnectionis the conaept of atwo-sided market, that is, amarket in which each side
bringsan externd ben€fit to the other (Roche and Tirole, 2003) Duebath to the
subgriber and the calling externdity, subscribers on any onengwork bendfit fromthe
presence of subgribers on any other (for a specific example with telecommunications
networks see Wright, 2002.

In general, when there is more than oneaccess nework, setting efficient interconnestion
prices (induding for oneway interconnection) is more complex than determining
(necessarily oneway) interconnection prices on asingle network. Thisis because
origination fees may be earned by oneaccess network provider and terminaion fees by
another. Consquently, originaion mug be consddered a different service to termination.
Thisisnot so onasingle network since the access network monopolst aways gansboth
theoriginaion and terminaion charges. In that case, it does not matter how thetotal
chargeis divided between originaion and termination.

First best efficient retail pricing for two-way interconnection generally requires prices on
both sides of themarket equd to the CBI price less the margind bendfit ganed by the
other side of the market (Armstrong 2006. Thisimpliesretail prices cannotrecover
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cods (Bolt and Tieman, 2005) Such retail prices however, may notbe necessary to
achieve first best efficiency. For example, the same arguments madein Section 3.2 apply
the case of interconnection between two mature geographic access monopolsts with
relatively wealthy cusomers (say SBC onthewest coast and Verizon ontheeast, or
British Telecomin the UK).

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

CBI prices are supeior to standad per call or per call minute interconnection prices
when there is more than oneaccess network for the same reasonsgiven in Section 4.1.1
above In addition, unde two-way interconnection and in contrast to CBI prices, per call
or per minute interconnection prices (1) distort wholesale competition, for example,
leading to ineficient compeitionto engagein indficient bypass for high volume call
originator andto inéficiently 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 tha
networks only recover cogs fromther retail cusomers. Put aternatively, bill and keep
implies carriers do nat charge each othe for use of ther networks.

Bill and keep prices, when applied to oneway interconnection, grant long distance
carriers obligaion-free use of access suppliersOnetworks. If longdistance supply is
competitive, then longdistance services could not contribute toward either (1) fixed
access cogs (which is congstent with first, but nat second, best pricing), or (2)
incremental cogsincurred dueto longdistance traffic (which isincongstent with first
and second best pricing).

In the case of two-way interconnection on mature networks when there is compeition for
interconnection services beyondthe point of traffic congentration, CBI and bill and keep
are identical and congstent with first best pricing (at least at the margin). In such
circumstances, unde CBI theregulator only needsto set prices for use of theaccess
network. Since access ngwork cogs do notvary with volume, thisamountsto a zero
interconnection charge, tha is, bill and keep. However, if prices for interconnection
services beyondthe point of traffic concentration require regulation, then, while bill and
keep prices are always zero, CBI prices are postive and agan 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 cods even if
competition for interconnection services beyondthe point of traffic concentrationis
weak. Theargument hereis that traffic flows between such networks are likely to be
bdanced, and so the cods tha each nework imposes on the other would on average net
out Consequently, obviating the need for metering and billing would reduce cogs while
being unlikely to distort demand on either side of the market. Notice, however, that bill
and keep can beinefficient means of interconnecting mature neworks, if they are
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asymmetrical, or if symmetry is endogenous For example, bill and keep makes
cusomers who make alot of outboundcalls attractive, and those who tend to receive, but
not make, calls unatractive, which also meansbill and keep makes wealthier cusomers
attractive, and poaer cugomers undtractive. Similarly, bill and keep makes cusomers
who are expensve to serve, for example, in less dense or difficult to serve areas, less
attractive than is efficient if they generateinboundcalls. This may lead to indficient
competition for such cugomers.

Theregulator@ task is somewhat more complex when onenetwork is mature, and a
secondis based on a new technology, or targets a group of people whos decisionsto
subsribetend to be margind. In either case, some subsdy toward sub<ription decisions
onthesecondnetwork is, in general, called for. Congder first theintrodudion of a new
technology, say, mobile service. Fixed linecugomers bendfit from beng able to reach
people who, except for their mohiles, could nat be contacted. However, even wealthy
consumersOsubscription decisionsfor a new techrology are likely to beimpacted by
price. It istherefore plausble that discouning themargind cog of mobile service by the
bendfit fixed linecallers gan from the service woud provide price signdsthat allow
efficient expangon of the new service. Similarly, consde two neworks, onewith
relatively wealthy cusomers who by and largewould pay the margind private cog of
subgcription, and another network tha targets margind cusomers. An example might be
anetwork in awealthy region or county and another network in a poaer region or
county, especialy if thelatter also has highe margind private cods (for example, dueto
lower linedengty). In this case, subsdizing poorer users of the second network may well
beoptimal.

There are, however, some practical difficultiesin implementing optimal subsdes. First,
identifying the optimal subsdy isadifficult task. Second,once identified, thesubsdy
would likely need to befunded within theindugry. In tha case, the cusomers onthe
mature (wealthy) nework who benefit from being able to reach cusomers onthe new
network are the naural tax base (in terms of minimizing distortion of choice).

As before, therequired subsdies should betargeted, for example, througharebae on
subgcriptionsto the service based on the new technology (or poornetwork). However,
thismay notaways bepossibleif calls crossjurisdictiond boundaies (for example, an
internaiond borde).

Theregulator@ task in distributing subsdies is greatly eased when there is competition
for cusgomers who require subsdization (as, for example, often can bethe case where
competing networks roll-out serviceN mobile services provide an example). In that case,
theregulator can impose atax oncalls tha terminae onthe neworks to be subsdized.
Competition by the subsdized networks for those call termination revenues, and
ultimately for subscribers, will ensure that any revenues abovecod tha are tranderred
from the subsdizing networks to the subsdized neworks are passed on to cusomers (the
waterbed effectN see, for example, Littlechild, 2005).
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Competition can also be hdpful in other, sometimes surprising ways, which calls of an
open mind onthepart of regulators. An ultimately tragic example comes from
Venezuda. There, telephonysuppliers, indudng the main mobile supplier, have
traditiondly targeted thewealthy, since it isthewealthy who could afford cog-covering
prices. That this was subopimal was made obviousin practice by anew mobile nework
tha specifically targeted poorer cusomers.

Thenew mobile service was offered on an AMPS mobile nework, often usng
secondhand network equipment and hand<ets. Subscription prices were low, and
outboundcalls were sufficiently expensve tha the nework@ predominantly poor
subgribers rarely made such calls. However, inbaund calls were free to the subcriber.
Theeffect was tha, even thoughthetechnology was cheap, fees from sub<ribers did not
recover negwork cogs.

Despite the deficit between cods and sub<ription fees, the AMPS network was kept
profitable by subgantial termination fees earned from calls originaing off net. Wealthier
members of the community made these calls fromfixed lines or from modern mobile
networks. Suddenly gadenes, child-mindes, maids and laborers were availablein a
way tha had been previoudy unimagined. Equdly, finding work less and less often
required traveling long distances, often withoutany result. Indead, for arelatively low
monthly fee, work foundyou.

Theeffect was tha therelatively rich users of othe neworks were subsdizing the
relatively poorusers of the AMPS network to everyone3 benefit. Moreover, there was
little migration by the wealthy from expensve mobile networks to therelatively cheap
AMPS network. Despite therelatively low cog of the AMPS service, wealthier
individuds preferred more expendve mobile services to the cheaper service for at least
two reasons (1) the AMPS service did not offer the bdls and whistles of amore moden
network, and (2) the AMPS handsets were clunky (an important factor amongthe status
congiouswealthy).

While onemightargueas to whether this arrangement congituted Nirvana, it seemsto
have offered asignificant Pareto improvement ove thestatus quo and illugrates notonly
tha optimal pricing on oneside of atwo-sided telecommunicationsmarket might
subgdize cogs on the other, buttha market forces may even be capable of achieving this
god. Sadly, theregulatory authoritiesin Venezud a consdered the cheaper network@
pricing plan as treating the poa unfairly, tha is, asbengdiscriminaory in apgorative
sense, and foreclosed the high termination charges tha sustained the chesper network3
busness plan.

Cod recovery issues also apply to two-way interconnection, even when prices set to
cove margind private cog are first best, and all the more so if asubriptionsubsdy is
optimal. Asbefore, it isunlikely tha aregulator 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) cals, it islikely more efficient to mark termination
rates up much more sharply than origination charges (and vice versa for receiving party
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pays cals, like 800 nunmbes). There are two paintsto bemade First, as different
services, both cal originaion and terminaion should betaxed to ensure cos recovery
(thetax base should be as broad as possible). Second, and for simplicity focusng onthe
CPP calls, while thedemand elagticity for call originaionislikely quite high (consder
theability of aVOIP provider or unbundéd local loop provider to avoid these), demand
for call terminaionis highly indastic. For example, thecalling paty generally has a
much better idea of thevalue of thecall to themselves, than the called paty has.
Consquently, thecalling party ismore likely to beless responsve to price than the
calling party. In the case of callsto mobile neworks, the calling party often has very few
optionsfor quickly reachingthecalled party, notknowing their physcal whereabous.
Hence subdgitution toward another nework is notlikely (which isrelated to why mobile
terminaion 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 terminaion is sometime exaggeated, it istruetha it is cogsly for
retailersto set multiple prices for calls terminating on different networks, and that retail
conaumers often would not know what those prices are, or wha nework the party they
wish to call uses.

5 CBIlin practice

At thisjundure, several internationd jurisdictionshave approved some version of CBI
and are at variouslevels of implementation. We describe briefly each country@ decision
and comment from the perspective of the points raised in this pgper.

Spain. Span isrecognized as the European pioner of CBI. Thedecision onthepart of
CMT in Augug of 2001allowed Telef—nia de Espa—ato publish areference
interconnection offer on a capecity basis. Unfortunately, wrangling over theterms of the
definition and coging of interconnection have been ongoing, and to our knowedgethere
have not been either one-sided or two-sided interconnection agreements signed usng a
CBI approach. Telef—rda has submitted to thel TU a pgoe describingits proposl for
coging, outlining a number of what it perceives as technical difficulties with the
implementation (Telef—nda, 2003. In addition,the CMT has proposd that capacity
requirements be estimated usng afactor multiplied by the actud usagein the
interconnection. While such afactor can indeed be calculated, such an implementation
leadsto theconcern tha if it is applied incorrectly, it will serve as merely another usage-
based tariff andwill notlead to the benefits we describein this paper.

Portugal. In2005,Anacom, Portugd & telecom regulator, announed that it would hold
apublic conailtation on CBI. Intha conaultation, Anacom decided tha essentially it
would permit CBI for alimited number of services, eliminaing the possibility in several
of themog hdpful cases, such as daa services and long distance terminaion (Anacom,
2005) It would appear that Anacom fails to undestand the potential bendfit of treating
interconnection as a facility rather than a group of services, and it seemslikely tha this
conalltation will yield little or no ben€fit.
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Colombia. 1n 200Q Colombia@® Comisi—rle Regulaci—rde Telecomunicaciones (CRT)
became a Latin American pionesr when it explicitly attempted to address the
convagence issueviainterconnetion policy. CRT@ Regimen UnificadaDe
Interconexi—r{RUDI) indudes a set of obligationsand prindples tha apply to all
telecommunicationsoperators and service provides, aswell as special obligaionstha
apply only to selected opaators. RUDI indudestheoption of CBI charges. Thepriceis
calculated based on the premise tha theoperator providing interconnection for the
service shdl recover its cods of opeation, maintenance of the nework, plusareasonale
profit, indgopendent of the volume of traffic. The operator that purchases capacity assumes
therisks assodated with traffic fluctuations CRT also set per-minute charging
alternaives, meaning tha operators requesting access have the choice between per-
minute and capacity-based rates (Tamayo, 2003. At thiswriting it isundear to what
extent opaators have taken advantage of this aternative. It may betha existing per
minute rates are set at alevel incongstent with CBI charges. In any case, excessive
bureaucratic wrangling over coging rules may be preventing full implementation.

Peru. Peru became the secondL atin American naionto introduce the possibility of CBI
in itsinterconnection decision of 2003 Intha decision, Osiptel (Organismo Supeavisor
delalnvers—rPrivadaen Telecomunicaciones) set atraditiond usage-based cog-
oriented rate for terminaion on Telef—nda dd Pera& landline network, butannouned its
opennessto CBI ontherequest of the paty requiring terminaion. At thiswriting, no
firm has requested to terminate on TdP@ network using CBI, nor has TdP requested such
arate on any other network. Osiptel has promised a conaultation on determining a cost-
based CBI tariff, butso far has notddivered.

Jordan. Similarly to the case of Peru, Jordan has issued a conaultation doaument in 2005
describing its willingness to permit CBI, but has not yet issued rules to implement it.
Jordan@ situaion may be somewhat uniqueamong the counties consdered herein that
theincumbent wireline network, Jordan Telecom, has roughly equd size compared to the
largest wireless network, FastLink; and thetwo firms are engaged in fairly intensve
rivalry. If Jordan@® Telecommunication Regulatory Commission, TRC, implements CBI,
Jordan Telecom will face an interesting decision in pursuing capecity-based
arrangements. It will possibly lose revenuein terminaing internationd traffic, but may
gan it back onterminaingtraffic on FastLink if it is able to market off-net traffic

appropriately.

In spite of the promise tha the CBI approach would appear to offer, it isnotyet clear tha
in practice it will offer the benefits tha could be envisioned by its proponents, perhagps
because of faulty implementation. It is notobvious why the faulty implementation has
occurred. Thismay patly be dueto thenovdty of theidea, which requires agroundup
reconsderation of interconnection. Moreover, thesmall counties tha have consdered
CBI likely cannotprovidethar regulators with budges capable of developing a new
approach. Speculation also leadsto the possible conduson tha mog of the countiesO
regulators face a heavily dominant incumbent with relatively weak rivals, and thuslack
thepolitical will to implement a pdicy with such potentialy strong pro-consumer effects.
Theoneexception, Jordan, seems to suffer from adifferent regulatory problem: alack of
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leadership since the departure of its former char coupled with a bleeding of expertise
amongthe staff.
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