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Preface

Opta, the independent post and telecommunications authority in the Netherlands, has
asked CPB to undertake a study on competition and regulations in the market for
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overbidding in spectrum auctions and its possible impact (CPB Working Paper 127,
2000), and the chapter "The renewing economy" in CPB’s Central Economic Plan of
2000.

The transition from a monopoly to competition can be difficult, especialy in
situations where technology and infrastructure are crucia, such as in
telecommunications. This study explores how policy and regulation can stimulate
competition in the market for fixed voice tel ephony, whileexplicitly taking consumers
benefits into account. Several regulatory instruments are examined in a wide range of
situations of market entry, such as facilities-based entry, local loop unbundling, and
Carrier Select-based competition.
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ignited. The support and input by Marcel have been of vital importance for
the project.

We wish to thank the members of the advisory committee for discussing and
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Sanders & Dempsey), Jens Arnbak (Opta), Eric Bartelsman (Ministry of Economic
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financed by Opta.
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Executive summary

Opta, the independent telecommunications and postal services authority in the
Netherlands, has asked CPB to carry out a study on regulation of telecommunications
markets, in particular of the market for (national) fixed voice telephony. The purposeis
to increase the knowledge of and insight into the nature of competition and entry in the
phase towards mature competition, and the eff ects of specific regulatory instrumentson
competition, market structure and consumers' surplus. The central questioniis:

How should one design policy and regulation with the purpose of stimulating
competition in marketsfor fixed voice telephony, while ensuring that consumer s benefit
from entry, and operators have sufficient incentives to be active on the market?

Thisquestionisaddressedinarangeof different situations, usingrecentinsights
from the theory of industrial organization (applied game theory) and computer
simulation. Thetools of gametheory are crucial to understand the incentives of market
players who behave strategically, especially in complex market environments such as
telecommunications. This is a conceptual study (based on a stylized, but empirically
calibrated, description of the market) that does not forecast or describe actual behavior
by market players. We are interested in understanding how regulatory instruments can
stimulate competition in such away that consumers benefit fromiit.

Thisstudy examines, within the context of amarket dominated by anincumbent
operator, three types of entry:*

. facilities-based competition: entry by an operator building its own
infrastructure;

. direct accessthrough“local loop unbundling”: entry by an operator |easing local
connections from the incumbent;

. indirect accessthrough “ Carrier Select”: entry by an operator with “ originating

access’ to the incumbent’ s customers.

For each mode of entry, we focus on wholesale prices (e.g. access fees) and
retail prices. By comparing how regulation affects an entrant’ s profitsin different entry
situations, we also discuss how policy and regulation affect an entrant’s incentives to
invest in infrastructure. It is beyond the scope of this study to address the general pros
and cons of sector-specific regulation and general competition policy. For the sake of
exposition, throughout this study we implicitly assume that sector-specific regulation

! See the glossary for an explanation of terminology.



(instead of ex post competition policy) deals with access prices, price cap regulation,
local loop unbundling, etc.
Besides the introductory chapter 1, this report consists of three parts:

Part |:Analytical framework

This part provides an introduction to the telecommunications industry (chapter 2), the
economic literature on competitionintel ecommunications(chapter 3), and describesthe
analytical framework of the study (chapters 4-5). Chapter 2 can be skipped by readers
familiar with telecommunications and policy. Chapters 4 and 5 can be skipped by
readers who are not interested in the mathematical details of the models.

Part I1: Results

This part can be read independently of part I. It contains the results of the simulations,
discussesandinterpretsthe outcomes, and drawsconclusionsrelevant for regul ation and
competition policy. Chapter 6 anayzes facilities-based competition, local-loop
unbundling-based competition, and Carrier Select-based competition. In each of these
entry modes, the most relevant wholesale prices are examined, such as terminating
access prices, lease price of the incumbent’ slocal line, and originating access pricein
the case of Carrier Select.

Whereasinthe model s of chapter 6, the operators compete by choosing two-part
tariffs, chapter 7 explores the following alternative pricing structures: flat fees, linear
prices, and non-uniform prices (operators differentiate between on-net and off-net
per-minute prices). In each of these situations we zoom in on the role of terminating
access prices. Asaspecia application, we discuss competition between afixed and a
mobile operator, and the role of relatively high fixed-mobile interconnection fees.

In the models of chapters 6 and 7, consumers are assumed to be homogeneous.
Chapter 8 analyzes situation with heterogeneous customers. In particular, it is assumed
that there are two types of customers, namely residential and business customers. The
cases that are examined in chapter 8 are: (1) the entrant targets the business segment
only, with a customer access network for business customers; (2) the entrant targetsthe
busi ness segment with acustomer access network for busi ness customersand targetsthe
residential segment by leasing the incumbent’s local lines; (3) the entrant targets the
busi ness segment with acustomer access network for busi ness customersand targetsthe
residential segment through Carrier Select.

Part I11: Policy implications

This part can beread independently of parts| and I1. It recapitulatestheimplicationsfor
policy and regulation derived in part |1, and discusses them from a broader viewpoint.
Policy implications are based on maximization of consumers’ surplus, with due carefor
the speed of entry and the entrant’ s incentives to enter. It is outside the scope of this
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study to discuss: (1) sector-specific regulation versus general competition policy, and
(2) the pros and cons of facilities-based and other types of competition.

Themain policy implicationsare summarized bel ow (for the sake of exposition,
there is some overlap). Chapter 9 contains some more, detailed conclusions for policy
and clarifications. We remark that for the purposes of this conceptual study, the
economic intuitions behind these implications, derived in part Il, are at least as
important as the implications themselves.

1. Regulation of retail prices

. A general principle is that in market segments where the incumbent is a
monopolist or substantially outweighs competitors in terms of market power,
regul ation of theincumbent’ sretail prices (per-minute price and/or subscription
fee) is necessary.

2. Cost-based wholesale prices

. When competition in situations of facilities-based competition or local loop
unbundling is mature, then terminating access prices should be reciprocal and
cost-based.

. In situations of local loop unbundling, the lease price of the local loop should

be cost-based (a supplementary markup may be needed for recovery of fixed
investment costs).

. In situations of Carrier-Select-based entry, the originating access price should
be cost-based (a supplementary markup may be needed for recovery of fixed
investment costs). The growth in traffic caused by internet access via local
telephony, making the effects of a“ price squeeze” worsefor entrants, reinforces
the case for a cost-based originating access price.

3. Wholesale prices above cost
. In the early stages of competition it may be optimal to allow only the entrant to
include a markup in the terminating access price.

4. Dynamic regulatory principles: retail and wholesale prices conditional on maturity

of competition

. Price cap regulation of the incumbent’s retail pricesis typically useful in the
early stages of competition, when entrants are too small to discipline the
incumbent. Price caps should be carefully balanced: entrants experience
downward price pressure as well from price caps, reducing their profits and
incentives to invest.

. In addition to point 3 above: as the market matures, reciprocal and cost-based
terminating access prices are optimal.



Early announcement of regulatory principles, and commitment to theannounced
principlesover time, isvital: regulatory uncertainty can reducefirms’ incentives
to invest.

5. Quality and congestion of Carrier Select services

Insufficient capacity to interconnect with the incumbent’s network directly
harms users of Carrier Select services (they experience aquality degradation),
and may indirectly harm all consumers (as the intensity of competition is
reduced). A price cap on theincumbent’ s per-minute price can reduce the harm
to consumers.

Capacity shortages may hamper the growth of Carrier Select operators: asthey
try to gain market share (e.g., by competing in prices) they generate more
traffic, which aggravates the capacity problem.

6. Incentives to build a customer access network

Tighter price caps for the incumbent’s retail prices result in more downward
pressure on the prices of an entrant, making entry less profitable. Hence, in the
short run there is a tradeoff between maximizing consumers surplus and
stimulating entry.

Carrier Select-based entry can be stimulated in the short run by setting the
incumbent’ s originating access price equal to marginal cost (a supplementary
markup may be needed for recovery of fixed investment costs), and by
eliminating any shortages in interconnection capacity in the incumbent’s
network.

Unbundling-based entry can be stimulated in the short run by setting the lease
price of thelocal loop equal to the fixed cost of a connection (a supplementary
markup may be needed for recovery of fixed investment costs).

Stimulating Carrier Select-based entry and local loop unbundling may be
optimal in the short run, because of the importance of building market share.
Over time, facilities-based entry can be stimulated by making Carrier Select-
based entry and local loop unbundling less attractive for entrants, e.g., by
gradually increasing the relevant wholesal e prices that they have to pay.

Early announcement of regulatory principles, and commitment to theannounced
principlesover time, isvital: regulatory uncertainty canreducefirms’ incentives
toinvest in infrastructure.



Chapter 1. Introduction

1.1. Purpose

Opta, the independent telecommunications and postal services authority in the
Netherlands, has asked CPB to carry out a study on regulation of telecommunications
markets, in particular of the market for (national) fixed voice telephony.? The purpose
isto increase the knowledge of and insight into entry and the nature of competition in
the phase towards mature competition, and the effects of specific regulatory instruments
on competition, market structure and surplus. This report contains the findings of the
research.

Generally speaking, the goal of public policy isto create conditionsin order to
achieve allocative and dynamic efficiency, resulting in efficient production, efficient
pricing and the highest benefits for consumers and producers.® Dynamic efficiency
denotes maximizing the“size of thepie” inthe mediumto long run, through product and
process innovations. The pie is understood to mean total surplus in the market (also
called welfare), that is, the sum of producersand consumerssurplus. Allocative or static
efficiency entailsdividing the pie such that the pieces end up with those who valuethem
most. In some cases, efficiency is maximized under the restriction that everyone getsa
fair share, for instance by making arrangements that prevent firms from abusing
monopoly power.

It is often said that efficiency is obtained by competition on a “level playing
field.” In the telecommunications sector, the playing field is tilted as a result of the
dominant position of the former national monopolist. Creating a level playing field —
which seems areasonable policy goal for thelong run— presentsasubstantial challenge
to policy makers and regulators. However, one should not rule out the possibility of
tilting the playing field to the other sidein the short run, if it facilitates the transition to
competition and it isin the interest of consumers.

According to Bergman et al. (1998, ch. 10), the magjor regulatory issues that
determine the overall development of market structuresin the telecommunications and
related information industries are: the conditions of: (i) accessto essential facilities, in
particular residential access to key content, (ii) network interconnection, and (iii)

2 Although other segments (e.g., mobile) are growing, the market for national fixed telephony
is still big. The relative size of the segment of fixed telephony (PSTN and ISDN) in the
Netherlands was 64% in 1998, expected to be 52% in 2002 (other segments include mobile,
ATM, and leased lines). Therelative size of national fixed telephony was49% in 1997, expected
to be 43% in 2002 (other segments: international and fixed-to-mobile). Source: IDC (1999).

3 Seg, for instance, the Dutch policy agenda on communications networks (DGTP, 2000b).



ownership of technologies, infrastructures and essential facilities. Current regulation
mainly appliesto the conditionsof access, interconnection, and network interoperability.

Arguably, competition in most telecommunications markets has not yet fully
matured, and these issues are till very relevant. In European markets for fixed
telephony, for instance, competition has not led to a widespread use of alternative
infrastructures (Cave and Prosperetti, 2000a). In the early stages of competition, three
types of instruments are needed to constrain the former monopolist (Cave and
Prosperetti). First, control of retail prices, in order to protect consumers from abuse of
market power. Second, control of access prices, to give entrants access to end-users.
Third, universal serviceobligation, to protect consumersin less densely popul ated areas
of the country.

In this study, we examine, within the context of a market that is dominated by
an incumbent operator:*

. facilities-based competition: entry by an operator building its own
infrastructure;

. direct accessthrough“local loop unbundling”: entry by an operator |easing local
connections from the incumbent;

. indirect access through “ Carrier Select”: entry by an operator with originating

access to the incumbent’ s customers.

In all situations, we concentrate on regulation of wholesale prices (e.g.,
terminating and originating access prices), and competition in (or regulation of) retail
prices. Wewill make some specific assumptions about the entrant’ s network and ways
of accessto theincumbent’ snetwork, about the nature of price competition between the
operators, and the nature of consumer demand. Doing so alowsusto zoominto specific
situations and address questions that are rel evant within the situation at hand.

The central question of this study can be summarized as follows:

How should one design policy and regulation with the purpose of stimulating
competition in markets for fixed voice telephony, thereby ensuring that consumers
benefit from entry, and oper ator s have sufficient incentives to be active on the market?

A related guestion ishow policy and regulation affect an entrant’ sincentivesto
invest in infrastructure. That issue will also be addressed, by comparing an entrant’s
additional profitsthat can beabtained by buildingitsowninfrastructure, under different
regulatory regimes.

4 See chapter 2, or the glossary of terms, for an explanation of terminology.



1.2 Focus

We will now discuss the focus of the analysis in more detail. The difficulty to exactly
define the markets for telecommunications networks and services obvioudly is a
handicap (see Bergman et al., 1998, ch. 8). One of the reasons of this difficulty is that
thetechnological constraintsthat definethe boundaries of telecommunications markets
are changing all the time. While it is obvious that technological change is having a
drastic impact on the industry, the need still exists to design optimal regulation and
policy that can deal with competition problems in the current situation of entry in
markets of “traditional” fixed voice telephony. We therefore restrict ourselves to
markets for national fixed voice telephony.®

Many telecommunications operators are multinational multi-product firms,
offering not only national fixed voicetelephony, but also international telephony, mobile
telephony, data services, and so on. Broadening the market definition to take this into
accountisnot helpful for theanalysis. Infact, it would make asensibleanalysisvirtually
impossible. The reader should keep in mind that the models used in the study are
stylized and do not reflect the true scale of activities of firms.

Throughout this study, three major types of regulatory instruments are subject
to detailed analysis:

. control of wholesal e pricesassociated with network interconnection, access, and
local lines (terminating access prices, originating access prices, and lease price
of incumbent’s local lines);

. control of the incumbent’ s retail prices (price caps);®

. specific rulings (e.g. whether or not to alow price differentiation, price
discrimination, local loop unbundling etc.).

Control of wholesaleandretail pricesisanalyzed by examiningtradeoffsrelated
to their levels. Specific rulings can, in general, be described as “yes/no”-decisions,
which of coursea soinvolvetradeoffs. Examples of such decisionsare: whether toforce
the incumbent to give the entrant access to end-users (for instance through local loop

® Nevertheless, we expect that some insights may also be relevant for other situations, for
instance mobiletelephony (seee.g. section 7.4.4 on fixed-mobileinterconnection). Also, theway
of modeling competition in network industries may turn out to be relevant for other network
industries, such as energy.

& We will focus on retail price control by using price caps. An dternative is “cost-plus’ or
rate-of -return regulation, which is generally viewed as a low-powered incentive scheme in the
sense that it gives firms weak incentives to reduce costs.



unbundling), to allow operators to differentiate prices for on-net and off-net calls, to
allow operators to discriminate between different types of customers, etc.

Box 1.2.1: Sector-specific regulation versus competition policy

It is beyond the scope of this study to address

(i) the genera pros and cons of sector-specific regulation and general
competition policy;

(i) the pros and cons of implementing or enforcing a specific policy measure
through regulation or competition policy.

For the sake of exposition, throughout this study we implicitly assume that sector-
specific regulation (instead of ex post competition policy) deals with access prices,
price cap regulation, local loop unbundling, etc.

A central problemintheliterature on one-way accessconcernsthe optimal level
of mark-ups under linear pricing, since marginal-cost pricing conflicts with viability.
Our analysis focuses on the strategic effects of access pricesin situations of two-way
access, that is, network interconnection. Moreover, in the analysis of Carrier Select-
based competition, where the incumbent’s local loop can be viewed as an essential
facility, we abstract from feasibility problems of marginal-cost pricing, since we
consider a two-part price structure. With two-part tariffs, the incumbent can use its
subscription fee to recover the fixed cost of the local 1oop.

This report complements the recent book by Laffont and Tirole (2000). While
their book presents the central ideas that have emerged in the economicsliterature, this
study delivers more applied and down-to-earth results, all related to market entry. The
analysis of access pricesin thisstudy iscomplementary to theoriesthat analyze waysto
recover fixed costs of infrastructure in an efficient way. See for instance Laffont and
Tirole (2000, chapters 3-4) and Valetti and Estache (1999) for overviews and
discussions of the theoretical issues related to access pricing in situations of essential
facilities and one-way access.

Beyond the scope of this study, there are many questions which are related to,
for instance, the objectivesof policy, thebenefitsof network competitionversusservices
competition, the speed of liberalization, public versus private ownership, the design of
aregulatory structure, and equity considerations. For arecent analysis on such broader
issues in a European context, we refer to Bergman et al. (1998, ch. 4), and Cave and
Prosperetti (2000a). Van Damme (2000) analyzes in detail the gquestion whether



competition in the customer access network is necessary for effective competition in
telecommunications. Our report complements these recent policy studies. Finally,
universal service obligation is not analyzed in this study. For more on this topic, see
Laffont and Tirole (2000, chapter 6), Cave and Prosperetti (2000a), and Choné et al.
(2000).

1.3. Methodology

Gametheory and industrial organization
In situations where a relatively small number of firms compete, a sensible analysis of
firm behavior and market structure should involve the strategic interaction between
firms. Gametheory isthe mathematical analysisof rational behavior in situationswhere
one firm's profits depend on what other firms do, that is, where outcomes are
interdependent.

Initself, game theory is not atheory of firm behavior and market structure, but
a set of logical tools that constrain and shape arguments about strategic interaction
among firms. A formal model produces:’

. an “audit trail,” documenting a coherent explanation for certain phenomeng;
. asystem of logic that helps to recognize flawed reasoning;
. a common language and framework for analysis.

Gametheory isparticularly useful to analyze the telecommunicationsindustry,
which is more complex than many regular product markets. At first sight, it may seem
that a telecom operator just sells communication services at a certain price and
underlying cost. However, sales volume not only contributes to an operator’ s revenues
and costs, but may also generate traffic between operators. Traffic that goes from one
operator’ s network to another generates access payments between the firms. Therefore
the cost and profit structures of an operator are not straightforward. By using aformal
model, it becomes easier to understand the operators’ incentive structure.

7 Saloner (1994, p. 192-193). For more on the growing importance of game theory asa useful
tool for strategy and analysis, see e.g. Rumelt, Schendel and Teece (1994, especialy the
contributions by Camerer, Postrel, and Saloner), Brandenburger and Nalebuff (1996), and Day
and Reibstein (1997).



Box 1.3.1. Possibilitiesand limitations of game-theoretic model sintel ecommunications

Competition in telecommunications is more complex than in many other industries,
because of the presence of communications networks. Realized market shares not
only contribute to profits because customers buy services, they also determine the
volume of voice traffic between customers, that is, on and between the networks.

Given the complexity of strategic interaction, it is difficult to assess how policy and
regulation affect competitive strategy, profitability, and consumer benefits. The
theory of industrial organization, supported by formal tools of modern game theory,
is necessary to comprehend the mechanics of competition in telecommunications.
Game theory provides the discipline to address complex questionsin a careful and
logical way. It helps to sharpen one's intuition, and provides new perspectives of
looking at problemsthat may seem impenetrable. At present, there are no alternative
methods availabl e that can deliver similarly detailed and refined insights.

The other side of the coin is that game theory cannot provide models that describe
reality in complete detail. Therefore, the tools of modern game theory are not
powerful enough to make precise or quantitative predictions about real-world cases
(neither can other theories) — but then, the goal of this study is to understand
telecommunications markets, not to make forecasts. Indeed, analyzing strategic
interaction intelecommuni cations marketsrequiresusto sol ve puzzlesin which many
pieces are missing (such as the internal organization of operators, and negotiations
between operatorsand large corporate customers). Hence, one should not rely merely
ongame-theoretic analysis, but complement it with empirical observationsand expert
opinion about the industry.

Summarizing, the tools of game theory are crucia to understand the incentives of
market playerswho behave strategically. To be effective, policy and regulation must
takethisinto account. Gametheory islessuseful for forecasting and describing actual
behavior.

Benchmark model
Throughout the study, we analyze duopoly models, that is, models with two operators
(always an incumbent and an entrant). By doing so, we follow the usual approach in
economicsto explore the simplest model that isableto generateinteresting and rel evant
results. We will perform robustness checks to verify that the results do not critically
depend on the simplifying assumptions that are made.

In models with three or more firms, additional assumptions are usually needed
to keep the analysis tractable, which introduces other types of restrictions. This is



certainly the case in telecommunications model s, which, tend to be more complex than
standard oligopoly models. Therefore, aduopoly model actually allow usto maintain a
more satisfactory level of richness in terms of, for instance, price strategies, demand
structure, and telecommunications infrastructure. Moreover, although the entrant is
depicted asasingle operator, it may represent a“ competitivefringe” of several entrants.

As a starting point for the analysis, chapter 4 presents a concise model of
facilities-based competition.? This model, depicting aone-shot or static game, has been
made as simple as possible. There are good reasonsfor analyzing astylized model. The
purposes of the analysisin chapter 4 are to:

. provide aframework for more detailed, realistic and case-specific analysis;

. make the reader familiar with the type of assumptions needed to get meaningful
results;

. explain the notion of an equilibrium;

. introduce and explain important economic indicators (in particular profits,
consumer surplus, and welfare);

. develop a basic understanding of strategic interaction among operators and

causal effects of parameter changes.

Overal, an examination of a simple, stylized model makes it easier to
understand more realistic (but also more complex) models later on. We will then also
depart from the static analysis by using the one-shot game as a building block for a
dynamic model of competition.

The regulator is implicitly incorporated in the model by retail price caps and
wholesale prices (e.g. access prices). Either because the regulator makes a decision
before the operators decide on prices, or because the regulator approves a negotiated
interconnection fee, the regulatory environment is given when competition starts.
Accordingly, weassessregul atory instrumentsby describing thetradeoff that isinvolved
with their application. For example, subjecting an incumbent to atighter price cap may
be beneficial for consumers in the short run, but make entry more difficult. By
discussing such atradeoff withinthe context of aspecific entry situation (e.g., local-loop
unbundling), the decision-making process of the regulator is implicitly taken into
account.

Morerealistic analyses: adapting the benchmark model
To make the benchmark model more realistic, more realistic variants of the model are
built to address specific situations, such as unbundling of the local loop, originating

8 Herewediscuss only the chapters rel ated to methodol ogy. Section 1.3 contains an overview
of all the chapters.



access by using Carrier Select services, price cap regulation, and entry targeted at
specific segments of the market. Thisisdonein part |1, chapters 6-8, of this report.

Also, the static model of competition between operators is repeated during a
number of periods. This alows one to examine market dynamics, in particular the
development of the entrant’s market share over time.

Because of mathematical complexity, itisnecessary to assumethat theoperators
maximize per-period profits in the dynamic context. As argued in chapter 5, this
assumption has a realistic content. When we present policy implicationsin part I, we
discuss the extent of the dependence on this assumption.

We perform numerical simulations with Mathematica software. Thus, we can
avoid making more assumptions that are needed to solve the models analyticaly. Itis
becoming morecommonin (especially applied) industrial organization to use numerical
analysis.’ It may even be the only way to solve problems of complex nature, such asthe
issues studied in this report.

To generate meaningful outcomes with the models, one has to calibrate them,
thereby giving cost levels, utility and demand parameters the right order of magnitude.
More specifically, calibration isimportant not because we want to forecast or describe
actual behavior by market players — that is beyond the purpose of the models — but
because we want to understand how regulatory instruments can stimulate entry in such
away that consumers benefit from competition. The numbersthemselves, generated by
the models, are not important.

To calibrate the models, we have used data from industry studies, public
information, and expert opinion. Data on operational cost levels of operators was not
available. Robustness exercises demonstrated that possible inaccuracies in the
calibration are not important for the policy implications of the models (see a'so more
elaborate discussion under the heading “Robustness’ directly below). Thus, since this
isnot empirical study inwhichwetry to estimate models, but instead aconceptual study
of the mechanisms in the market, the lack of data does not discount the value of the
generated insights.

Robustness

Since the models are stylized in nature, one has to check if the outcomes critically
depend on the model specifications and assumptions. To do this, welook at three types
of robustness:

° A recent exampleis Green (2000), who analyzeswhether in utility markets, competition can
succeed regul ation when consumersface switching costs. Green devel opsagame-theoretic model
that is solved numerically, with parameter val ues sel ected to depict the energy utilitiesinthe UK.



Robustness to parameter changes within the model:

Checks performed by running the models under a variety of parameter
constellations showed that the levels of cost and demand parameters in the
models, if chosenwithinreasonabl eranges, do not affect the policy implications
in a qualitative way, although naturally there are quantitative changes.
Robustness to different model specifications:

Robustness can also be assessed by checking if different model specifications
affect policy implications. To do this, not one model is analyzed, but awhole
range of models, covering different network strategies (facilities-based entry,
local-loop unbundling, Carrier Select-based entry), different pricing structures
(two-parttariffs, flat fees, linear prices, terminati on-based pricediscrimination),
and various modes of targeted entry (in a market with a residential and a
business segment). In most cases, the policy implications are robust to different
model specifications. In the summary of policy conclusions (chapter 9)
demonstrates that the results are also quite robust to different model
specifications.

Robustness to alternative assumptions:

Finally, an important robustness check is to assess how the results depend on
the underlying assumptions of amodel. In this study, various assumptionswere
needed to keep the analysis tractable. Therefore, by definition, this type of
robustness hasto be assessed by reasoning without aformal model. Wewill pay
specia attention to the assumptions that operators are myopic (i.e., they
maximize per-period profits), that there is a single entrant, and that there is no
network congestion (e.g. due to internet traffic). This type of robustness is
assessed when we discuss the model results in chapters 6-8. In most cases,
dropping the assumptions of the model either reinforces or hardly affects—and
hence does not reverse — the policy implications.

1.4. Overview of report

At aglance
This report consists of three parts:

part | provides an introduction to the telecommunications industry, the
economic literature on competition in telecommunications, and describes the
analytical framework of the study;

part 1l contains the results of the simulations, discusses and interprets the
outcomes, and draws conclusions relevant for regulation and competition

policy;
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. part 111 recapitul ates the implications for policy and regulation, and discusses
them from a broader viewpoint.

We have tried to make the policy implications, that are based on theoretical
modelsand simulations, accessibleto the reader who does not want to gointo the details
of the models. Therefore, in order to read parts|l and 111, it is hot necessary to read part
I. Similarly, to read part |11, it is not necessary to read parts | and II.

Part |

Chapter 2 providesanintroduction to tel ecommunications technol ogy and the European
telecommunications industry. The economic literature on competition in tele-
communications is surveyed in chapter 3.

The next two chapters set up the analytical framework for the study. Chapter 4
describes and explains asimple model of competition between two operators, called the
“benchmark model,” which isabout as simple as such amodel can be. This chapter may
useful to readers who are interested in the structure of the models, the underlying
assumptions, and the way outcomes are derived. Chapter 5 describes how numerical
simulationsare carried out. It also containsinformation about the softwarethat was used
to do the simulations.

Part 11

All the modelsin part |1 expand the benchmark model to examine avariety of dynamic
entry situations. Chapter 6 contains the most basic models. It is perhaps the most
important chapter of this part, because to discuss the results of chapters 7 and 8, the
intuitions of chapter 6 will be recalled. Chapter 6 analyzes:

. section 6.2: facilities-based competition (“FBC”);
. section 6.3: local-loop unbundling-based competition (“LLU");
. section 6.4: Carrier Select-based competition (“CSC”).

In each of these entry modes, the most relevant wholesale prices are examined, such as
terminating access prices, lease price of the incumbent’s local line, and originating
access price in the case of Carrier Select.

Insection 6.5, we adopt abroader perspective by considering how regulation can
influence the incentives of an entrant to choose for a particular entry strategy. In
particular, in that section we discuss how a dynamic regulation rule can be helpful to
create competition in the short run by giving an entrant easy accessto the incumbent’s
network, and increase the entrant’ sincentivesto build its own customer access network
over time.

Whereasinthe model s of chapter 6, the operators compete by choosing two-part
tariffs (consisting of subscription fees and per-minute prices), chapter 7 explores
alternative pricing structures. These are:
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. section 7.2: flat fees (the operators choose subscription fees only);
. section 7.3: linear prices (the operators do not charge subscription fees);
. section 7.4: non-uniform prices (in the sense that the operators differentiate

between on-net and off-net per-minute prices).

In each of these situations we zoom in to the role of terminating access prices.
Accordingly, the purpose of chapter 7 istwofold: first, to better understand the nature
of price competition, and second, to address the role of access fees under different
pricing structures. As a specia application of the model of section 7.4, we discuss
competition between afixed and amobile operator, and therole of relatively high fixed-
mobile interconnection fees.

In the models of chapters 6 and 7, consumers are assumed to be homogeneous,
that is, they all haveidentical demand and utility functions. Chapter 8 analyzes situation
with heterogeneous customers. In particular, it is assumed that there are two types of
customers, namely residential and business customers. The incumbent is supposed to
serve both market segments, but the entrant may wish to target only one segment. The
cases that are examined in chapter 8 are:

. section 8.2: the entrant targets the business segment only, with a customer
access network for business customers (targeted FBC);
. section 8.3: the entrant targets the business segment with a customer access

network for businesscustomersand targetstheresidential segment whileleasing
the incumbent’ s local lines (combination of targeted FBC and LLU);

. section 8.4: the entrant targets the business segment with a customer access
network for business customers and targets the residential segment through
Carrier Select (combination of targeted FBC and CSC).

Section 8.1 discusses someexampl es of entrantsinthe Netherlandsthat inspired
the models in sections 8.2-8.4. However, it isimportant to note that the playersin the
models should not be identified as specific companies in the real world, but it is
interesting to demonstrate the relevance of the models.

Each of chapters 6, 7, and 8 concludes with implications for policy and
regulations. Chapter 6 also contains a discussion about the entrant’ sincentivesto build
acustomer access network, or to compete through unbundled access or Carrier Select.

Part 11

Chapter 9 recapitul atesthe main policy implications, and discussesthem from abroader
point of view. Results of the different chapters are compared, so that a better sense of
the robustness of the outcomes can be obtained. For asummary of the conclusions, see
also the executive summary.
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Supplement
A separate supplement (CD-ROM) to this report, which is available on request in a
limited amount, contains Mathematica programs and detailed output of the numerical
simulations.



PART I: ANALYTICAL FRAMEWORK
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Chapter 2:
Chapter 3:

Chapter 4:
Chapter 5:

This part provides background information on tel ecommunications markets,
discusses relevant literature, and presents a simple model of competition in
telecommunications (on which the simulation models used in part |1 are based). It
consists of four chapters:

An introduction to telecommunications markets.

A brief overview of recent, relevant literature in economics on
competition in telecommunications.

A presentation of the benchmark model.

An explanation how the benchmark model will be used in part |1
to analyze competition in repeated periods.

The reader with a reasonable knowledge of telecommunications industries can
skip chapter 2. To comprehend the policy implications and intuitions of the
simulationsin part I1, it is not necessary to read chapters 3, 4 and 5.
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Chapter 2. Telecommunications markets

2.1. Introduction

Thischapter givesabrief overview of the telecommunicationstechnology and industry.
Astheinformation in this chapter is of an introductory and descriptive nature, it aims
at readers who are not too familiar with the industry. For more precise or more recent
information, the reader may want to consult recent industry studies (seereferencesat the
end of thisreport). This chapter can be skipped by readers with areasonable amount of
knowledge about the telecommunications industry.

Section 2.2 describes the technology of fixed voice telephony, and provides a
(modest) technical background to the models used in this report, by briefly describing
the main elements of fixed telecommunications systems. Section 2.3 provides a brief
introduction to EU telecommunications markets, which are characterized by the
nati onal-monopolist history and recent liberalitations.™® Thischapter isbased on, among
others, Cave and Valletti (2000b), European Commission (1999b), Glass (1997),
Morgan Stanley Dean Witter (1999), Opta (1999), and Laffont and Tirole (2000).

2.2 Telecommunications technology

Circuit-switched telephony
A telecommunications network permits transmission of information (e.g. the sound of
avoice, in the case of basic telephony) between terminal devices (e.g. telephones) of
different parties. This is done by establishing a connection, by using a
tel ecommuni cations network, between their devices.

A network consists of:

. transmission systems:
the means by which information travels through the network, comprising the
transmission medium (e.g. copper wire, co-axial cable, fibre optic cable,
wireless radio transmission) and transmission interface equipment (used to
convert one type of transmission to another, e.g. from copper wireto wireless).
. switches (or exchanges):
the means by which temporary connections between the calling party and the
receiving party are established.

10 Descriptions of market developmentsin e.g. the US, New Zealand, and Australia can be
found in Cave and Valletti (2000b) or Laffont and Tirole (2000).
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. signaling systems:
the means by which information about connectionsthat areto be established are
conveyed. Examples of information that is often conveyed by signaling systems
are the phone number of the partiesinvolved in the connection (especialy the
number of the called party), and the nature of the call (e.g. whether the cal is
toll-free).

The traditional telecommunications network that is used for voice telephony,
that is, the “fixed” (i.e., wireline) network to which public consumers are connected,
is often called the Public Switched Telephone Network (PSTN). It consists of two
partial networks, namely:

. customer access hetwork (CAN):
the network connecting end-users’ telephones and local switches (also called
“local exchanges’ or “central offices’) to which end-users are connected. An
important part of aCAN isthetransmission medium between local switchesand
end-users, thelocal line; in many cases consi sting of copper wire. A connection
to an end-user, often called the “local loop,” consists of alocal lineand a“line
card” (apart of the local switch).

. long-distance network:
The network enabling calls to be routed between local switches, possibly
through several other exchanges called trunk exchanges. It isalso known asthe
“trunk” or “backbone” portion of the network. Commonly used transmission
mediums within the backbone are copper wire, coaxial cable, and fibre.

Because of the associated fixed cost, thelocal line—which isessential to reach
end-users—is generally perceived as a bottleneck. Thisis especially true in the case of
wirelinelocal loops. The emergence of wirelesstechnology may lower these fixed costs
and alleviate the bottleneck problem.

ThePSTN isacircuit-switched network, that is, each telephone call reserves
an end-to-end physical circuit between the calling party and called party during a
telephone call. For the duration of a call, this circuit is fully dedicated to that call and
is not available to other users of the network.

For illustrative purposes, we briefly describe what happens in a network when
a consumer makes a telephone call through the PSTN. Lifting the handset causes the
telephoneto send asignal to alocal switch, prompting the switch to provide adial tone
to the telephone. The calling party dials a number, which is sent to the local switch.
Next, a connection is established with the called party’ slocal switch. If the parties are
connected to different switches because they do not live in the same area, then the link
is established through the backbone, possibly via one or more “trunk” switches
(exchanges on a higher level in the hierarchy of the network). The called party’s local
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switch sends asignal which causes histelephoneto ring. If the called party is engaged,
asignal is sent back, resulting in an “engaged” tone in the calling party’ s handset.

) =

\@Iines /
@ switch switch @
long-distance network

= o

end-users

Figure 2.2.1. A telecommunications network

Other networks

Data networks, such as the internet, are packet-switched networks. Unlike PSTNS,
they do not reserve a circuit between endpoints, but break up data into a large number
of small packets. Each of the packets of a data file that is transmitted, may be routed
differently to arrive at the same destination.

The different network structures of PSTN and packet-switching give rise to
some important differences. A circuit-switched network consists of clear end-to-end
paths, and is not very prone to delays. However, its overhead cost is high. A packet-
switched network is more efficient in its use, but is much less immune to congestion.

ThePSTN iscalled afixed network because geographically fixed links (usually
wires) connect the telephones to the core of the network. In the case of mobile
telephony, telephones communicate with the network by using radio signals. Hence, a
subscriber to a mobile network can travel around without losing his connection to the
network, provided that he does not cross the borders of the area that is covered by the
regional base stations (i.e., low power radio transmitters that communicate with the
mobile handsets) of the network. The base stations are connected through a fixed
network, possibly the backbone of the network that is also used for fixed telephony.
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Network interconnection and accessto end-users
Telephony offers maximum benefits to consumers if any user can call any other user.
However, in aliberalized market it may happen that the calling party and called party
do not subscribe to the same network. Then the networks must be linked so that a
connection canindeed be established. Thissituationiscommonly referred to asnetwor k
interconnection. It is relevant for instance when there are competing networks in a
market, for international telephony, and for calls between fixed and mobile networks.

The place at which interconnection takes place is commonly called point of
interconnect (POI). Typicaly, calls that require interconnection are carried on the
calling’s party’ s network as far as possible before being transferred the called party’s
network. By doing so, the calling party’ s operator will generally minimize the payments
associated with using arival operator’s network.

An operator with only asmall number of usersdirectly connected to its network
has an incentive to establish POIs in as many local switches of an operator with a
complete network as possible, since this minimizes the portion of callsthat have to be
carried by the other operator. However, because of the cost and time needed to establish
POQls, it may happen that there is only a small number of POIs, sometimes only one.

Some entrants in recently liberalized markets can reach none or only very few
end-users, for instance because they have not (yet) built their own CAN. In such cases,
they can use another operator’ s (typically theformer national monopolist) CAN to have
access to end-users. As an example, consider the situation in which there is an
incumbent with an PSTN and an entrant with only a backbone. Then any calling party
and called party are both connected to the incumbent’ s network, but the calling party
may wish to carry the long-distance portion of the call over the entrant’s network. In
such situations, the entrant has to use the incumbent’s CAN to provide

. originating access:
the provision of aconnection between the calling party and entrant’ s backbone;
. terminating access:
the provision of a connection between the entrant’s backbone and the called
party.

Notice that network interconnection can be seen as a situation of two-way
terminating access, that is, from one network to another and vice versa.

A usual way to establish originating accessisCarrier Select, that is, consumers
can choose which operator they want to carry acall by dialing afour digit code before
the called party’ stelephone number. They keep their subscription to the incumbent, but
pay the per-minute fees to the Carrier Select operator. Carrier Select is an example of
“indirect access’ to end-users.

One can consider voice telephony as a bundled service, consisting of local
access and long-distance transportation. The possibilitiesto get accessto end-users are
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greatly enhanced by separating the bundle, so that entrants that do not have a local
access network are enabled to compete with the incumbent. Thisis called local loop
unbundling (LLU). Typicaly, if a regulator enforces LLU, entrants can lease the
incumbent’ s local lines, and hence use the transmission medium to the customer in the
incumbent’ s local loop. An unbundled local loop alows an entrant to operate its own
transmission systemto have direct accessto consumers, who then can directly subscribe
to the entrant. A common way of LLU isaccess to the main distribution frame (“MDF
access’). Under MDF access, the local line and the linecard are unbundled. Hence an
entrant can “plug in” by creating a link from its switch to the incumbent’s MDF.
Because of the possibility that consumers subscribe to the entrant, MDF access is an
example of “direct access’ to end-users.

The fees that operators have to pay to obtain originating or terminating access
to other operators networks are of large importance for the devel opment of the market.
The level of these access prices, aswell as LLU and Carrier Select-based competition,
are central in part |l of thisreport.

2.3 The European telecommunicationsindustry

General: EU industries

Since the 1980s, telecommunications industries are going through a period of
fundamental change, ignited by privatization of national telcos, liberalization of national
markets, technol ogical innovations, and, at the European level, convergence of economic
policy and institutional structures. From 1998 onwards, the markets for networks and
servicesin amost all EU countries were liberalized. Market liberalizations have been
accompanied by partial or full privatization of incumbent operators.

Historically, operators in Europe were state-owned, vertically integrated
monopolists. Because of thelargefixed cost of building anetwork, telecommunications
networks providing voicetel ephony were viewed as natural monopolies. Technological
change and innovation have generated new transmission systems and decreased the cost
of building infrastructure. Therefore, the idea of a natural monopoly is no longer seen
as valid. Moreover, the current view is that public ownership does not provide strong
incentives to decrease costs, resulting in inefficiencies. Therefore, most operators have
been or are subject to plans to be privatized. For instance, the former national
incumbent’s in the UK, Italy and Spain are fully privately owned, while the Dutch
former monopolist is still partly in public ownership.

Market liberalizations have caused large scale entry by all sorts of network
operators and providers of telecommunications services. The rules of competition are
being changed rapidly by these entrants, who are not hampered by possibly obsolete
infrastructure and associated cost structure, or by bureaucratic organizations and
associated working practice. Hence, the former incumbents are facing a profound
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challenge to redefine their value propositions and strategies, and to reorganize their
business practice.

The main strategies and tactics of incumbent operators to cope with the drastic
changesin the industry are:

. internal restructuring to increase efficiency, flexilibity, quality of service, and
responsiveness to customers’ wishes;
. diversification (e.g. mobile telephony, internet access provision) and

internationalization (e.g. foreign acquisitions, international aliances and
mergers) to compensate for the expected |oss of domestic market share in the
market for fixed voice telephony;

. innovation (e.g. high-bandwidth transmission systems, intelligent applications
in the network).

Ontheonehand, incumbent operatorsmay still benefit frommonopoly positions
in some market segments (local tel ephony), and on the other hand, because of “ universal
service,” they may be obliged to provide telephony servicesin remote areas, perhaps as
aloss-making activity.

At present there are someal ternativesfor voicetel ephony through theincumbent
operator’ s network. Mobiletelephony isan obvious example. Another exampleiscable
telephony. Nevertheless, since these alternatives are not yet widely available at
competing prices, aslong aswe arein thetransition to competition, it remains necessary
to constrain the former monopolists (see Cave and Prosperetti, 2000a).

Among the new fixed-line playersin the European market one can distinguish:

. network operators:
operators that install and operate their own transmission systems to provide
public telephony or network services.

. service providers:
operators that offer services through mainly third party networks by leasing
capacity;

. resellers:

operators dealing exclusively with reselling (al so known as call-back or calling
card operators) or engaged only in marketing and billing activities.

In the member states of the European Union, the rules for liberalization and
deregulation are formulated by the European Commission. Since these rules are
relatively broad and general, the national regulatory agenciesin the member stateshave
a certain degree of discretion while implementing them. Moreover, the speed at which
effective deregulation occurs is not the same for the different counties within the EU.
Morgan Stanley Dean Witter (1999) views the regimes in the UK, Germany and the
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Netherlands as strongly pro-competitive, the French regulatory authority as somewhat
biased in favor of France Telecom. In Italy, regulation has come about only very
recently.

The fundamental s of deregulation in the EU are defined in the Open Network
Provision (ONP) framework. The ONP rulesaimto ensureinterconnection of networks,
and to alow entrants access to various elements of networks of dominant operators at
cost-based prices. In the language of the European Commission, adominant operator is
called an operator with “significant market power,” and is usually defined by a market
share above 25%. The incumbent operators naturally fall into this category.

The European Commission recently proposed a new framework with the
purpose to accelerate the process of economic and structural reform in the EU by
lowering access prices and reinforcing competition (the “Review” by European
Commission, 1999a). A ccording to the Commission, the European market isfragmented
and dominated by incumbent operators, even though entry has been substantial and
prices have decreased. While the existing framework was designed to cope with the
transition to competition, the new framework seeksto reinforce competition, especially
in market segmentsat thelocal level. Moreover, it must cater for the rapid technol ogical
change and unpredictability of telecommunications markets.

The Review identifies the following devel opments in the market:

. globalization (mergers, acquisitions and alliances at a European and global
level);

. internet blurs the distinction between voice and data communication and may
quickly overturn traditional market structures,

. communications technol ogies are being improved, resulting in lower costs and
increased capacity of networks (driven by the computer industry);

. wireless applications are becoming more and more important;

. technol ogieswithin the media sector (e.g. digital TV and video on demand) are

becoming more and more important.

In the Review, the Commission proposes a light regulatory approach for new
services markets, while ensuring that market power isnot abused by dominant firms. As
competition matures, regulation can gradually be reduced. A central proposal isthat the
new framework would cover all electronic communications infrastructure and services
(e.g. voice, data, TV, etc. transmitted through PSTN, internet, cable, wireless, etc.). The
key policy proposals related that are relevant for voice telephony are the following:

. common principlesfor regulation of accessand interconnection acrossall types
of networks, so that entrants can compete with incumbent operators by using
any transmission system, thereby minimizing bottleneck problems;
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. high priority to establish competition in the local 1oop, either through existing
networks (e.g. LLU) or new infrastructure (e.g. cable TV, wirelesslocal |oop);
. consistency across countries with respect to their regulatory regimes, and

improved cooperation between the Commission and national regulators.

The first two points are related to the incumbent operators’ strong market
positions, especially in local markets. The last point is important in the light of
globalization and also because regul atory regimesin member states display significant
differences.

The Netherlands

Regulator Opta (the independent post and telecommunications authority) came into
existence in August 1997. Its first activities concerned the allocation of costs for
interconnection and special access, issues that arose in a conflict between KPN and
Telfort. Van Damme (1999, ch. 5) contains an overview of developmentsin policy and
regulation inthe Netherlands since early 1997, the moment when ministerial guidelines
on interconnection were published.

According to the European Commission (1999b), the following harmonization
Directives have been substantially “transposed,” that is (supposedly), implemented, by
the Dutch Telecommunicatiewet, amendments, secondary legislation, and severa
additional Decrees:’™ ONP (Open Network Provision) Framework, Leased Lines,
Universal Service Provision, Licensing, Interconnection, Numbering.

DGTP (2000b) summarizesthe Dutch responseto the ONP Review. It states, for
example, that general competition policy will be sufficient as soon as the market
functionsin an effectiveway. It istheintention of the government to reach this situation
as soon as possible.

The Dutch former “PTT,” nowadays called KPN Telecom, was a state
monopolist until the 1989, when it became apublic limited liability company, although
still fully owned by the state at that moment. The government sold 30% of its sharesin
1994, and another 25% in 1995. When competition was introduced in the Dutch market
in 1996 on the basis of the so-called “interim legidlation,” two operators, Enertel and
Telfort obtained alicensefor national, fixed telecommuni cationsinfrastructure (Haffner,
2000). The Dutch market was completely liberalized in 1998 when the new
Telecommunications Act came into force, in line with EU policy on liberalization.

Recently, KPN Telecom has been active with reorganizations, foreign
acquisitions (in Eastern Europe), diversification (e.g. mobile telephony, internet
provision, internet banking), and joint ventures (with US firm Qwest, building a pan-

" The Directive on data protection has been partially implemented, but additional secondary
legislation concerning billing and unsolicited calls were under preparation when this report was
written.
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European, IP-based fibre network). Although entry in the Dutch market has been
substantial, KPN haslarge market sharesin several markets(e.g. in 1999: 80-95% inthe
markets for national telephony and for calls from fixed phones to mobile phones, 90-
99% inthemarket for local telephony, and 85% in the consumer market for international
telephony, according to Opta, 2000, p. 16).

Enertel, currently called Energis, was formed by Dutch energy companies.
Currently a 100% daughter of Energisin the UK, it has a backbone of more than 1200
km in the Netherlands. It has two switches, located in Amsterdam and Rotterdam. It
serves only the corporate market (by offering voice and data services, and internet
access), although it can reach 70% of all Dutch households through interconnection.
Energishasacablelink between the Netherlands and the UK on the bottom of the North
Sea (source: DGTP, 2000a).

Telfort was formed by the Dutch Railways and British Telecom. Its
infrastructure is based on the network alongside the main railways in the Netherlands,
consisting of more than 1000 km glass fibre with a connection to BT’ s international
network. The network has access to most of the business areas in the larger cities.
Telfortisactiveinboth theresidential market (Carrier Select and mobiletel ephony) and
corporate market (voice and data services, and internet access). It has not built a
customer access network to serve the residential market (source: DGTP, 2000a).

There are several more important entrants in the Dutch market that operate a
fixed network. Without trying to be complete, we will mention a couple of them.*? Colt
from the UK has built a backbone, four fibre “city rings’ in Amsterdam and its
surroundings, and one in Rotterdam. The aim is to connect the complete province of
Noord-Holland to its backbone by 2001. GTSis an operator with a European backbone
and apoint of interconnectionin Amsterdam. It took over the Dutch networksof Hermes
Europe Railtel and Esprit, and isbuilding acity ring in Amsterdam. M Cl Worldcom has
its own backbone and networks in Amsterdam and Rotterdam. It intends to build
networksin The Hague and Utrecht aswell. Another exampleis Versatel. In November
1999, Versatel had built more than 800 km fibre in the Benelux, including a ring
between the mgjor citiesin the Netherlands. It is able to serve about 40% of the Dutch
corporate market with local broadband access (DSL). Versatel isbuilding a network of
2200 km, enabling the firm to seve more than 80% of the market (source: DGTP,
2000a).

There exist cable networks in the Netherlands that can facilitate local
competition. An operator with a substantial number of connections in the Amsterdam
areais Priority Telecom, previously known as A2000, and owned by UPC. However,
most of the cable networksin the Netherlands have to be upgraded to allow for two-way

12 The situations of targeted entry analyzed in chapter 8 were inspired by these types of
examples in the Netherlands. See section 8.1.



24

communication. At present, KPN’s customer access network is an essential facility in
most parts of the country, certainly with respect to residential customers and small
businesses.
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Chapter 3. Brief literature overview

3.1. Introduction

During the last three decades, economists have exerted a lot of effort to apply game-
theoretic techniques to problems in industrial economics. The first primary text was
Tirole (1988), providing a highly regarded overview of the theory of industrial
organization. A more recent text book on the same topic is Cabral (2000).

The models in this report are all applications of the theory of industrial
organi zation appliedto telecommunications markets. Asdiscussedin chapter 1, although
models of industrial organization have their limitations just as other theories do, they
impose discipline on the researcher to carefully define the boundaries of the problem at
hand, and are unique in generating insight into complicated interactions and tradeoffs.

This chapter provides a brief overview of recent economic theory on
competition between telecommunications operators. The reader who is interested in
more details is referred to the original papers. The relation between the literature
discussed in this chapter and the model s used for the simulations, isthat our modelsare
based on this literature (especially the literature discussed in section 3.2).

Itisbeyond the purpose of thischapter tointroducethetheory anditsunderlying
intuitionsto thereader. A good referenceto the economic theory of telecommunications
is the recent book by Laffont and Tirole (2000), which provides the reader with a
synthesis of the most important publicationsin the field.

3.2. Competing telecommunications oper ator s and network interconnection

Theliteratureon the economic theory of network interconnection started with the papers
of Armstrong (1998), Carter and Wright (1999), and Laffont, Rey and Tirole (19983,
b).™® These papers have in common that they analyze unregul ated competition between
telecommunications operators whose networks are interconnected. They focus on the
role of terminating access prices. The major part of the results are derived under linear
pricing (i.e., the operators only charge per-minute prices and no subscription fees).

The models in these papers depict facilities-based competition, and have in
common that:

. there are two competing operators, each with their own network;

13 See L affont, Rey and Tirole (1997) for an accessi ble paper that contains many of the results
that were later published in Laffont, Rey and Tirole (19983, b).
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. the networks are horizontally differentiated, so that the operatorshaveacertain
degree of market power;

. the size of the market, that is, the total number of customers, is fixed;

. each customer chooses to subscribe to exactly one of the networks.

A central result of thisliteratureisthat if the operators competein linear prices
andthereissufficient product differentiation (i.e., competitionissufficiently imperfect),
then anincreasein the reciprocal terminating access price pushes up retail prices. Since
traffic flows between the networkstend to be symmetric (because the firms are assumed
to be identical), neither operator bears the burden from the high access prices to each
other. Hence, the operators have an incentive to set the access price above the associated
cost in order to redlize profits above the “competitive’ level (possibly up to the
monopoly level).

The effect of the access price on retail prices is a form of the “double
marginalization” problem.** This problem is best known from the situation of a non-
integrated chain of monopolies (ranging from upstream to downstream, that is, from
producers of basic inputs to intermediate goods to producers of the final good). Each
monopolist maximizesits profits by adding its own margin aboveits cost level, thereby
inflating the price of the final good. The problem is solved if al producers coordinate
their pricing decisions, which occurs for instance in the case of a vertically integrated
producer (all the producersaremergedinto asinglefirm). Therefore, negotiationinstead
of competitive setting of theaccess price may allow the operatorsto eliminatethedouble
marginalization problem.

Perhaps the main conclusion of the seminal papersin the literature isthat with
linear pricing, the access price can be seen as an instrument of tacit collusion. This
means that even if the operators do not form a cartel, they can actually collude over
retail prices by negotiating a reciprocal terminating access price above the cost of
access.

If the operators compete by choosing two-part tariffs (i.e., they charge
subscription fees and per-minute prices), then theresults change drastically. The central
result isthat per-minute prices in equilibrium are equal to average marginal costs, and
any market power is exercised through subscription fees. Moreover, profit levelsin
equilibrium are now independent of the level of terminating access prices. Therefore,
astriking difference with the linear pricing case is that the access price cannot be used
as a collusive device. Laffont, Rey and Tirole (1998a) point out that this result may
depend on the homogeneity of consumers’ demand; in the more redlistic case of
heterogeneous consumers, i ntermedi ate outcomes may bepossible. Onthistopic, seethe
discussion of Dessein (19993, b) below.

14 See Tirole (1988), p. 174-175.
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Also on two-part pricing is Gans and King (1999), who analyze a situation in
which the operators freely and independently choose terminating access prices. They
show that in any symmetric Nash equilibrium, each operator will set its access price
above the marginal cost of access, just asin the standard double marginalization result.
If the operatorsnegotiate on areciprocal terminating access priceto maximizetheir joint
profits, however, they choose the access price below marginal cost. Theintuitionisthat
anegative markup softens price competition, andincreasesequilibrium profits. Gansand
King argue that because of this collusive effect, “bill and keep” arrangements may be
undesirable from consumers' perspective: although it may reduce per-minute prices, it
pushes up subscription fees.

A specia topic in Laffont, Rey and Tirole (1998a) is entry (dropping the
assumption that both operators have a full coverage network). Consider a situation in
which the entrant initially has no network coverage, and must either (i) lease the local
access network from the incumbent (unbundling-based entry), or (ii) build it itself
(facilities-based entry). In both situation, the operators are assumed to competein linear
prices.

In case (i) the entrant has potentially the same network coverage as the
incumbent, because it can lease any connection. The authors show that the socially
optimal access price is below the traffic-dependent cost of the local loop, whereas the
socially optimal lease price of the local loop is equal to the associated traffic-
independent cost.

Incase (ii) itisassumed that the entrant choosesanetwork coveragein the stage
before the operators compete in prices. It isthen shown that if the access priceisclose
to the associated marginal cost (mandated by the regulator), the entrant underinvestsin
network coverage in order to soften price competition. Also, the entrant competes by
undercutting the incumbent’s price. These results change if the access price is not
mandated but results from negotiations between the operators. It may then happen that
the incumbent delays indefinitely any agreement on interconnection in order to keep
competition at bay. The entrant has an incentive to overinvest in network coverage, in
order to be able to negotiate a more favorabl e interconnection agreement.

The articles discussed above have laid the fundaments for a micro-economic
analysisof telecommunications markets. It isperhapsapity that they pay moreattention
to linear prices than to two-part tariffs, given the widespread occurrence of the latter
price structure in reality. A central result in this literature is the possibility of tacit
collusion by setting the terminating access price above cost in the case of linear pricing,
aresult that does not hold under two-part tariffs and homogeneneity of demand.
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Price discrimination based on call termination

Laffont, Rey and Tirole (1998b) analyze the situation in which operators are allowed to
charge different per-minute prices for on-net and off-net calls.'® Since they have to pay
an access markup for off-net calls, they will want to set a higher price for this type of
calls, in order to pass on the higher marginal cost to consumers.

First, assume that the operators compete in linear prices. A mark-up in the
access price introduces a wedge between on-net and off-net prices based on the
difference between perceived (i.e., including the access markup), but not true, marginal
costs. Hence, price differentiation distorts consumers marginal rate of substitution
between on-net and off-net calls, and introduces a consumption inefficiency. This
distortion can be avoided by imposing a cost-based access price, so that the operators
do not have anincentiveto differentiate per-minute prices. Since price competition may
be intensified and the double marginalization problem may be alleviated, the
consequences for welfare are ambiguous.

Second, consider competition in two-part tariffs. Again there is aconsumption
inefficiency, since per-minute prices reflect perceived, but not true, traffic-dependent
costs. Moreover, the authors show that the operators have an incentive to agree on a
reciprocal terminating access price equal to the marginal cost of access.

A final result of the paper isthat with linear pricing, price discrimination by a
dominant operator makes entry more difficult, and can even make entry impossible.

Gansand King (1999) demonstrate, inamodel of price discrimination and two-
art tariffssimilar to Laffont, Rey and Tirole (1998b), that low (bel ow cost) access prices
can be used to soften price competition. The underlying ideaisthat alow access price
reduces the incentive to attract additional customers.

Thegeneral conclusion isthat price differentiation based on call determination
is neither demand- nor cost-based, and hence distorts welfare. It may, however, result
in moreintense competition, and inthe case of linear pricing, it may alleviatethe double
marginalization problem.

Heter ogeneous demand

Another closer view on competition in two-part tariffsis provided by Dessein (19993,
b), who introduces heterogeneity involumedemand. Thisallowsfor two-part tariffsthat
can be used for second-degree price discrimination (the operators offer a menu of
contracts to consumers so that they can implicitly discriminate between consumers of
different types). Dessein focuses on possibl e collusive effects of the terminating access
price. Theresults are ambiguous; they depend on assumptionsabout the calling patterns
of different types of customers.

¥ Their 1997 article contains a summary of the main results.
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Whileimposing that for equal per-minute prices, each consumer calls as much
as he is being called (“balanced calling patterns’), Dessein (1999a) shows that the
impact of the access priceisambiguous, that is, it may or may not lead to higher profits.
Dessein (1999b) analyzessituationswhere calling patternsare unbalanced (e.g., “ heavy”
users call more than they are being called for equal per-minute prices). He shows that
under two-part tariffs, thereis no collusive effect of the access price, except if different
types of consumers perceive the substitutability of networks differently. Intuitively,
different types of consumers may react differently to differences in subscription fees,
so that there is an endogenous selection of consumers. This may make collusion
possible.

The mixed results suggest that it is difficult to prove tacit collusion in practice,
especially in situationsinwhich operators offer complex menusof contracts. Obvioudly,
such menus cater, to a certain extent, to demand variety, but it seems legitimate to ask
if they may also be used to obscure alow intensity of competition.

Local callsand long-distance calls

Carter and Wright (1999) consider various casesin which operatorsoffer local callsand
long-distance calls. Intheir setup, alocal operator does not only providelocal calls, but
also local access for long-distance operators. Their focusis on the interaction between
the local and long-distance markets, allowing for different degrees of asymmetry
between operators. They analyze under what assumptions mandatory interconnection
and reciprocal access prices make effective competition possible, without further
regulation of retail prices or access prices. In particular, they show that two
interconnected local operatorswill agreeto cost-based accesspricesin thelocal market,
and that competitive prices will also be provided in the downstream long-distance
market, whether or not there are integrated firms operating in both the upstream and
downstream markets.

Morerecent work

The survey in this chapter is not exhaustive. Recent work, some of it in progress,
includes: Fabrizi (2000) on competition between afixed and a mobile operator, Taylor
(1999) on the marketing practice of offering subscribers enticements (e.g. afree phone
in the market for mobile telephony) to switch suppliers, Wright (2000a) on competition
between mobile operators, and Wright (2000b) on non-dominant network competition.
On universal service abligation, see for instance Laffont and Tirole (2000, chapter 6),
Cave and Prosperetti (2000a), and Choné et al. (2000).
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3.3 Concluding remarks

Theexisting literature provides both the necessary toolsaswell asbasicinsightsthat are
needed to better understand the nature of competition in telecommunications. At the
same time, however, the level of abstraction of the models and outcomes does not
necessarily facilitate application of the results to policy and regulation. Also, entry in
telecommunications markets, and the associated asymmetry between an incumbent and
an entrant, has not received the attention that it deserves, given its current importance.
Itistherefore useful to develop amore applied framework, while making use of existing
theory, that can more directly address regulation and competition policy in the phase
towards mature competition.

Box 3.3.1. Differences with existing literature

Most of the existing literature focuses on a static situation of mature, facilities-
based competition, and the effects of terminating access prices on the nature of
competition. A central question in the literature is whether an access markup can
facilitate tacit collusion.

Our study is different from the main literature in the following ways:

. By introducing consumer switching costs, the size of market shares (in
particular the incumbent’ sinitial advantage) becomes relevant.

. By repeating the static game during a certain number of periods, dynamic
competition can be simulated.

. We focus on several entry modes (facilities-based entry, local-loop

unbundling, Carrier Select-based entry, and entry targeted to a specific
segment of the market).

. The variety of entry modes allows us to examine a broader range of policy
issues and regulatory instruments.
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Chapter 4. Benchmark model

4.1. Introduction

This chapter presents a concise model of facilities-based competition between two
operators. The model has been made as simple as possible. To make it more redistic,
several assumptionswill be dropped later, and detailed variants will be built to answer
specific questions (see Chapter 1 for an overview of model variants). The purposes of
setting up asimple model before doing simulations are:

. to provide aframework for more detailed, realistic and case-specific anaysis;

. to make the reader familiar with the type of assumptions needed to get
meaningful results;

. to explain the nation of an equilibrium;

. to introduce and explain important economic indicators (in particular profits,
consumer surplus, and welfare);

. to develop a basic understanding of strategic interaction among operators and

causal effects of parameter changes.

What kind of outcomes does the benchmark model, and also the simulation
modelsin later chapters, generate? Solving the model resultsin a*“Nash equilibrium,”
that is, the prices chosen by the operators in a situation of strategic interaction.
Terminating access prices are exogenous, that is, before deriving the equilibrium
outcome, one has to specify their levels (in later models also price caps, lease price of
local loop, originating access price, etc. have to be specified). Accordingly, the main
purpose of the model is to show how the equilibrium outcome depends on regulatory
instruments. This allows one to compare outcomes for different levels of a certain
instrument, so that conclusions about the optimal level can be drawn.

Thebenchmark model issimilar in spirit to model sanalyzed in Laffont, Rey and
Tirole (19984, b), Armstrong (1998), and Carter and Wright (1999a). In each of these
models, two operators compete by choosing prices. The main difference with those
models is that the benchmark model incorporates initial market shares and switching
costs. These elements allow usto explore situations in which one of the operators, the
incumbent, initially has 100% market share, while its customers incur costs when they
switch from the incumbent to an entrant.

In reality, thereis more than one entrant active in telecommunications markets.
Still, the benchmark model is very useful since it lays bare general mechanisms of
competition, that are also present in markets with more than two players. A qualitative
difference is that with more players, competition is (expectedly) more intense.
Furthermore, in such a model one can consider the case in which different types of
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entrants are simultaneously active. However, to be able to analyze a model with more
than one entrant, one has to make additional simplifying assumptions (because of the
increased mathematical complexity). Doing so would reduce the richness of the
outcomes that can be generated, without generating fundamentally different results.
Therefore we have chosen to stick close to the models in the existing literature, and
focus on the strategic interaction between an incumbent and an entrant only.

Section 4.2 presentsthe benchmark model. Section 4.3 explainsthe equilibrium
notion that is used to solve the model. Section 4.4 presents and discusses selected
analytical results.

4.2. Description of the benchmark model

In brief, the benchmark model depictsasituation of one-shot competition. It consists of
the following stages:

. There is an incumbent who has an initial market share of 100%. There is a
potential entrant, ready to compete. Each operator has afull-coverage network.
Terminating access prices are given (e.g. set by the regulator).

. The incumbent and the entrant simultaneously and independently choose
subscription fees and per-minute prices.
. Based on the operators' prices, consumers choose to keep their subscription to

theincumbent or to switch to the entrant, so that new market sharesarerealized.
Next, they make their phone calls. Realized profit levels are based on market
shares, prices, costs of telephony, generated traffic on and between the
networks, and the access payments between the operators.

We will now develop the model in full detail.

Operators, market sharesand prices

There are 2 operators, an incumbent (operator 1) and an entrant (operator 2). Their
initial market sharesin volumes of customer base, denoted by ¢,° and ¢.,°, are given. By
definition, ¢,° + ¢,° = 1. Typically, we assume that the incumbent starts with a market
share ¢,° = 100%.

Each operator has a full-coverage network that consists of a long-distance
backbone, alocal accessnetwork, and switches. Hencethemodel depictsfacilities-based
competition. The symmetry of the networks makes the exposition of amodel asclear as
possible.

To keep the model close to reality, the operators compete in two-part tariffs:
each operator i chooses a price per minute p; and a subscription fee m. Later, we will
also look at linear prices, that is, the operators only choose per-minute prices.
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Realized market shares are functions of prices p,, p,, m;, and m,. We want to
capture, for instance, that if operator 1 increases its subscription fee, then operator 2's
market shareincreases. Thiscapturesthe essence of the strategi cinteraction between the
firms. The market shares resulting from competition are denoted by ¢,(p;, p,, m,, m,)
and o,(p, , p», My, m,). By definition, it must be that

@Q1(P1, P2, My, M) + @p(Py, P2, My, M) = 1

We assume that all consumers will subscribe to one of the networks. This
simplifiesthe analysis considerably. In amarket where either price caps or competition
guaranteethat all consumers can afford telephony services, thisassumptionisrelatively
harmless.

Consumer demand
The size of the market is n, that is, there is a continuum of consumers with mass n.
Consumers are homogeneous in the sense that they have identical utility and demand
parameters, and also in the sense that operators cannot divide the market into different
segments.

Given aprice per minute equal to p,, each individual consumer has ademand of
x(p) cal minutes, and derives utility u(x(p,)) from calling x(p,) minutes. The utility
function isin money terms and satisfiesu (x) >0 and u(x) <0 for all x > 0. We do not
distinguish between local, regional and long-distance telephony.

Consumers maximize their utility. Hence, the optimal demand for call minutes
X is chosen by maximizing u(x) - x-p, so that the individual demand function x(p) is
derived from solving

u(x)=p,

that is, aconsumer will make less calls or make shorter calls when the per-minute price
rises; he does not refrain from making calls.

Also, aconsumer derives afixed utility level u from subscribing to network i,
which may be interpreted as, for example,

. brand loyalty to operator i (in general stronger for an established incumbent
than for new, initially small entrants);

. the quality of operator i’s connection or network;

. having a telephone connection in the case of unforeseen events,

. receiving calls from family and friends.

Thisfixed utility u.° from subscribing to anetwork al so capturesthat consumers’
demand for being connected to anetwork isinelastic. Thetotal net utility of asubscriber
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to network i, who optimally chooses his calling time, is denoted by an indirect utility
function vi(p,, m). Assuming that utility levels are expressed in monetary units and can
be added up, indirect utility can be written as:

vi(p, M) = u® + u(x(p)) - P x(p) - m.

Using first-order conditions, it is easily shown that net utility is decreasing in
prices:

ovi(p, M)/ ap=ux(p))X@E) -pX(p) -X(p)=-x(p)<O;
dvi(p,m)/om=-1<0.
The following table presents a linear specification of the demand function,

which will be used throughout this study.*®

Table 4.2.1. Linear specification of individual demand

function | description specific form in example
u(x) utility from calling x minutes ax-Y%bx*wherea, b>0
u® fixed utility from a connection given constant

x(p) individual demand for call minutes | (a-p)/b

vi(p,, m) | total net utility ul+ % (p - a?’/b-m
e(p) elasticity of demand -p/(@a-p)

Consumer switching costs

Consumerschoosetheir subscription when they observethe operators’ prices. The most
straightforward way to model the subscription decision would be to have consumers
choosethe highest utility level among v, (p,, m,) and v,(p,, m,). The consequence would
be that extremely small price differences (resulting in extremely small utility

' Doganoglu and Tauman (1996) al so useaquadratic utility function, which resultsinalinear
demand function for call minutes. An important benefit of this specification isthat consumption
isbounded if the per-minute price approaches zero. Laffont, Rey and Tirole (19983, b) construct
the demand function such that there is a constant price elasticity, resulting in unbounded
consumption for small prices.
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differences), would tilt the balance towards the operator offering the highest net utility.
This operator would then instantaneously gain a market share of 100%. In reality,
however, we do not observe such “bang-bang” outcomes. Instead, market shares exhibit
a certain extent of stickiness, and change in a rather smooth fashion. In particular,
capturing market share from a well-known, established firm requires great marketing
efforts and substantially better price-quality combinations by new, small competitors.

In order to allow for a redistic transition of market shares over time, we
introduce consumer switching costs (not to be confused with the costs of switchesin
networks). Suppose a certain consumer, identified by aparameter s, initially subscribes
to network i. He will end his subscription and switch to operator j if and only if

VJ(pJ ’ m) -S> Vi(pi1 m)v

where sis his cost of switching from one operator to another. Moreover, sis not the
same for all consumers, but uniformly distributed on an interval [0, S, ¢°].

Parameter s, > 0 can be said to measure the level of competitiveness of the
market. Later we will see how different values of this parameter affect competition.

Thedefinition of theinterval onwhich switching costsareuniformly distributed
results in differentiability of profit functions, which will alow for straightforward
derivation of equilibria. The economic interpretation of this specification of the
switching cost interval is that:

. each operator’ s customer base ranges from consumers who are eager to switch
(minimum switching cost s = 0) to consumers who need substantially lower
prices to be encouraged to switch (maximum switching cost s = s, ¢°);

. all typesin the range are equally likely (because of the uniform distribution);

. an operator with alarger initial market share ¢,° has relatively more customers
with higher consumer switching costs (e.g. due to brand loyalty).

A recent, empirical study by Oftel (2000) confirmsthe validity of the switching
costs assumption.That study reports that consumers vary with respect to switching. For
example, among consumers making most use of competition are younger persons and
larger households, and among those making least use of competition are older persons
and small households. To a certain extent, these results can be explained by lower
awareness of alternative suppliers. The main reason given by respondents for not
switching was satisfaction with the current supplier, while the remainder gave reasons
such as, for instance, that switching istoo much hassle or disruption, that the reliability
or quality of another supplier may not be as good, and that it istoo difficult to work out
which one is cheaper or better. Most consumers (about 67%) would be encouraged to
switch if cheaper prices were offered.
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Realized market shares

The customer switching costs introduced above affect the way market shares are
realized. Let the operator’'s prices be given, and suppose that a certain customer of
operator 1, who is characterized by switching cost parameter s,, isindifferent between
staying with firm 1 and switching to firm 2. Equivalently, s, satisfies

Vo(P2, My) = S = Vy(Py, My).

Consequently,

. customers of operator 1 with s € [0, 5] switch to operator 2;

. customers of operator 1 with s € [s,, Sna ¢1°] Stay with operator 1;

. all customers of operator 2, that is, al s € [0, S, 9,°], Stay with operator 2.

Since s, = Vu(p,, my,) - vq(p,, My), the fraction of firm 1's customer base that switches
to operator 2 equals

(Va(Py, M) = Va(pr, M) ) / (S 910

Similarly, the fraction of its customer base that staysis equal to

[ Snac* 027 = (Va(P2, M) = Va(Pr, M) ) T/ (S * 9010)-

Therefore, operator 1' s realized market share equals

©1= 0%+ (Va(pr, M) = Vo(Py, M) ) / S

More generally, the realized market share of operator i is equal to:

@ =@+ (vi(pi, M) - vi(p, M) ) / S

Intuitively, an operator's market share increases if the operator offers a
relatively larger level of net utility to consumers, and decreases otherwise. Recall that
parameter s, wasearlier called ameasure of thelevel of competitiveness of the market.
One can observe that larger values of s, make it more difficult to gain market share.
In other words, in arelatively more competitive market, an entrant hasto cut prices by
less if it wants to capture a certain market share (compared to capturing that market
share in aless competitive market).



37

One can show that the aggregate switching costs that are incurred by all
consumers that switch are equal to

N (Vo(P2, M) = Vi(Py, M))?/ (2 Sya)-

Costs

To make assumptions about the cost structure of telecommunications networks, we will
follow recent theory on competition in telecommunications (e.g. Laffont, Rey and
Tirole, 19984, b). One can distinguish between

. connection-independent fixed costs (traffic-independent; e.g. fixed costs of
long-distance backbone);

. connection-dependent fixed costs (traffic-independent; e.g. thefixed cost of the
local line);

. traffic-dependent costs (not fixed since they vary with traffic volumes).

Fixed costs are defined as any true fixed costs that have not been attributed to
traffic. Fixed costs that are independent of the number of connections do not affect
pricing decisions, athough they are relevant for investment decisions. Connection-
dependent fixed costs capture, for instance, the maintenance cost of local connections,
and may also include investment costs that have to be recovered. These costs affect
revenues per consumer and therefore pricing decisions. Operator i's connection-
dependent fixed cost is denoted by f.*’

The“ operational” or “technical” marginal cost of telephony callsis practically
zero; it roughly equalsthe cost per time unit of the electricity that is needed to transmit
signals through a network (or more precisely, the cost needed for transmission,
switching and signaling systems). Moreover, it isin redlity very difficult to measure
these costs - firms often do not know marginal cost levels themselves. Still, operators
typically may (partially) imputefixed coststo telephony traffic, enabling themto define
areference point for prices. This may happen despite the fact that these costs are either
sunk once a network has been built or do not directly depend on traffic. Therefore we
will define marginal costs as the costs that a sales/marketing department attributes to
traffic when making pricing decisions, net of traffic-dependent access tariffs.

Costs which are also perceived as traffic-dependent costs are charges for
interconnection and access. These charges are typically incurred on a per-minute basis.

17 Although the cost structure of the customer access network is simplified to aconsiderable
degree, our assumptionsstill capturethe bottleneck nature of thelocal loop that isdueto thefixed
cost nature of thelocal line. See Cave and Valletti (2000b), for more details on the cost structure
of the local loop that support our assumptions.
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Total traffic-dependent costs are therefore to marginal costs plus traffic-dependent
charges paid to other operators for interconnection and access.

We define fixed costs as any true fixed costs that have not yet been attributed
to traffic. Since they are considered to be sunk when prices are chosen, they affect
neither prices nor realized market shares. They do, however, affect profits and hence
investment decisions in the model.

Some notation is needed to define thetraffic-dependent (i.e., marginal) costs of
telephone calls. Let ¢, denote operator i’ straffic-dependent cost per minute associated
with atelephone call of type k. We will distinguish 3 types of telephone calls:

. on-net calls: callsthat originate and terminate on a single network (k = 1);
. off-net calls: callsthat terminate on the rival’ s network (k = 2);
. incoming calls: calsthat originate on arival network (k = 3).

In the literature it is typically assumed that the marginal cost of the local loop is the
same for originating and terminating traffic, so that ¢, - ¢, = ¢;. We will follow this
convention.

Inthe caseof off-net callsand incoming calls, the operator of the network where
the call originates pays a per-minute terminating access fee to the operator of the
network where the call terminates. Terminating access fees paid to operator i are
denoted by t,.18

We can summarize traffic-dependent costs as follows:

Table 4.2.2. Overview of traffic-dependent costs (per call minute)

specification operator 1 operator 2
marginal cost of on-net Cy (o
cals

marginal cost of off-net Cp Cy
cals

marginal cost of Ci3 Crs
incoming calls

terminating access tariffs T T,

18 We abstract from differences local interconnection, single transit and double transit.
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One can now write down the marginal costs and revenues for each type of
telephone call.

Table 4.2.3. Marginal costs and revenues per call type (per call minute)

specification operator 1 operator 2
on-net call (cost) Cy (o
off-net call (cost) Cpt+ 1, Cprt Ty
incoming call (revenue) T, - Ci3 T, = Cyg

Profit functions
Before profit functions can be derived, an assumption on calling patternsis needed. We
assume that when a consumer makes a telephone call, the receiving consumer may be
any other consumer with equal probability, whether or not he subscribes to the same
network or another network than the originating consumer does. Thisimplies that the
numbers of on-net and off-net calls of an operator are proportionateto market shares
(“isotropic caling patterns’). For instance, avolume of ¢, x(p,) call minutes originates
on network 1. A fraction o, of this volume terminates on network 1, and a fraction ¢,
terminates on network 2.

Using the assumption of isotropic calling patterns, revenues dependent and
independent on traffic contribute to profits as shown in the following table.

Table 4.2.4. Profits of operator i (i # j; gross of fixed costs)
profitsfrom level of profits
on-net traffic n (@)’ x(p.) (P, - Cy)
off-net traffic ne ¢; X(p) (- Co- 1)
incoming traffic ne ¢; X(p) (1 - Cy)
traffic-independent ne, (m-f)
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Operator i’ stotal profit level isequal to the sum of all the componentsin table
4.2.4:

I (py, P, My, M) = profits from on-net traffic
+ profits from off-net traffic
+ profits from incoming traffic
+ revenues from subscription fees
- per-period fixed cost of the local loop
- other fixed costs (not yet attributed to telephony
traffic).

Notice that thisis afunction of both operators’ prices, which reflects that the operators
compete with each other (there is strategic interaction).

Surplus
The effects of competition and regulation can be evaluated by looking at:

. consumers’ surplus;

. producers’ surplus (total industry profits);

. welfare (total industry surplus, that is, the sum of consumers surplus and
producers’ surplus).

It may sometimes be important to consider more than one measure of surplus,
since one should not rule out the possihility that aregulatory measureincreaseswelfare,
but at the same time is detrimental to consumers' surplus.

Producers’ surplusisequal to

PS=11, (py, Po, My, My) + 11, (Py, Po, My, M),

Consumers’ surplus is equal to the sum of net utilities of all consumers net of any
switching costs incurred by consumers:

CS=nqg; Vi(pr, M) + N @y Vo(Pa, My) = N (Vo(Pa, My) = Vy(Py, M)/ (2 Sie)-

Notice that the incurred customer switching costs, calculated earlier, are taken into
account inthisformula. Welfareor total surplusinthe market (net of incurred switching
costs) equals

W= PS+CS
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Box 4.2.1. Summary of benchmark model

The main assumptions of the benchmark model are:

. the operators compete by simulteneously setting pricesin the retail
market;

. the operators take the regulatory regime (e.g. terminating access prices) as
given;

. each operator chooses prices to maximizes its profits (remark: profit
functions take on-net and off-net traffic volumes into account);

. each consumer chooses a subscription and number of call minutesto
maximize his net benefits;

. a consumer who wants to switch from one to the other operator, incurs a

switching cost;
The sequence of movesin the gameis:

t=0: Thefollowingisgiven:
- initial market shares ¢,° and ¢,%;
- terminating access prices 1, and t, (either determined by the regulator or
by negotiations between the operators).
t=1. The operators simultaneously choose retail prices:
- operator 1 sets a per-minute price p, and a subscription fee my;
- operator 2 sets a per-minute price p, and a subscription fee m,.
t=2: Consumers observe retail prices and choose to subscribe to one of the
networks. Next, they make their telephone calls.
The following are realized:
- market shares ¢, and ¢,;

- profit levelsI1, (p,, p,, M;, my) and I, (p,, P, My, M,);
- surplus levels CS, PS, and W.

4.3. Equilibrium notion

Nash equilibrium

The concept of a Nash equilibrium, which is explained below, is used to solve the
model. More information about game theory and equilibrium notions can be found in,
for instance, Fudenberg and Tirole (1991), and Gibbons (1992). We assume that the
operators behave rationally, in the sense that each of them chooses prices to maximize
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profits. This is a standard assumption in this type of model. Without it, one could
generate any type of outcome.

Equilibrium priceswill bemarked with asuperscript“*.” Anequilibrium, called
a Nash equilibrium in game theory, is defined by the following conditions:

. none of the operators has an incentive to change its prices given the other
operator’s prices, that is, prices (p,’, p,, m,, m,’) are such that the first-order
conditions are satisfied for both operators;

. given the operators’ prices, consumers choose a network and a quantity of call
minutes in order to maximize their net utility.

Notice that in a Nash equilibrium, each operator sets prices while taking as
giventhe priceschosen by itsrival firm. Formally, necessary conditions associated with

each operator i = 1, 2 maximizing profits by choosing prices p, and m, arethefollowing
first-order conditions:

OTT (P, o, My, M) /9 p =0, (21)

O T (P, o, My, My ) /9 m =0.

To guarantee that we are dealing with a local maximum instead of a local
rlni gl 1rgr)1um, the second-order conditions have to be checked aswell for each operator i =

O*IL (py, p,, my', my) / (9 p)* <0,

o* I (py, py, my’, my") / (9 m)* <0,

@I (p, P, My, my ) (0 p)°) - (O*IL (P, o, my', My ) /(9 m)?)

> (82 l—Ii (pl*v pZ*l ml*v rnZ*) / (a pla m) )2'

4.4. Preliminary results
Deriving ageneral analytical solution of the benchmark model turnsout to be extremely

complicated except in some very special parameter cases. Werefer to Laffont, Rey and
Tirole (19983, b), Laffont and Tirole (1998), Armstrong (1998), and Carter and Wright

19 See Chiang (1984) for more details on optimization.



(1999) for anal ytical solutionsin model sof competitionintel ecommunicationsthat were
the basis of the benchmark model.

Since we assume more asymmetry in the model than is done in the literature, we need
to use numerical methods to aobtain results (see chapter 5). In this section, we will
deduce properties of equilibriawithout trying to get full or general analytical solutions.

Structure of Nash equilibrium prices

By manipulating and combining operator i’ sfirst-order conditions (see equations (2.1)),
one can show that optimal prices of operator i, when operator j’s prices are given,
satisfy:

P =@ Cit @ (Cot 1), (2.2

M =+ ¢ Spx = @ X(B) (Cot 7 - Ga)+ (9 - @) X(B) (T - C3).
(2.3

Noticethat (2.2) and (2.3) do not form an explicit solution, since market shares
¢, and ¢,, and al'so demand x(p), depend on prices.

A first observation that was made by Laffont and Tirole (1998) and al so applies
here, isthat the operators each have two instruments (usage price and subscription feg),
and therefore can “separate the building of market share from the generation of call
volume” (p. 207). How thisworks can be explained by looking moreclosely at (2.2-2.3).

Theinterpretation of (2.2) isthat an operator’ s optimal price strategy in aNash
equilibrium always involves choosing a price per minute equal to the operator’s level
of average marginal costs (also caled “perceived” margina costs in the literature).
Giventhetraffic flowson and between the networks, the average marginal cost captures
all traffic-dependent costs and payments that are incurred by that operator and that are
directly affected by its prices. As a consequence, any market power isexercised - and
fixed costs are recovered - solely through subscription fees. Notice that s, has no
direct effect on per-minute prices. (Intuitively, an operator’ smarginal costsrelevant for
its own pricing are the traffic-dependent costs associated with the traffic that its own
customers generate. Incoming traffic, generated by its competitor’ s customers, cannot
be directly affected by an operator and therefore does not contribute to its average
marginal costs.)

The subscription fee in equilibrium (equality (2.3)) can be interpreted as the
markup from market power, ¢; S« plusthe net marginal cost of adding a subscriber to
the network, which isthe rest of the expression.? Notice that anincreasein s, which

% See also Laffont et al. (1998a), proposition 7, p. 21.



can beinterpreted aslessintense competition, directly pushes subscription feesupwards
(apart from possible indirect effects through market shares).

The intuition behind the structure of equilibrium prices strongly resembles
optimal two-part tariff pricing by a monopolist. The classic example is an amusement
park, where atwo-part tariff can consists of an entry fee and acharge per rideinside the
park. Itisoptimal for the park to capture consumer surplusthrough the entry fee, and set
the price per ride equal to its marginal cost. Without afixed fee, the monopoly priceis
above marginal cost, resulting in aloss of total surplus (the “dead-weight loss’). This
is due to the fact that a price above marginal cost results in too little consumption,
compared tothe social optimum. Using atwo-part tariff and setting the usage priceequal
to marginal cost allow the monopolist to create and capture maximal surplus. Now
notice that in a situation where several firms compete by choosing prices, afirm can
only gain market share by offering consumersahigher surplusthanitscompetitors. This
pressure forces firms to set the usage price equal to marginal cost. Market power (e.g.
because of brand loyalty or customer switching costs) is then optimally exercised
through fixed fees.

Suppose that accessfees arereciprocal (t = 1, = 1,). Since we assumed that the
marginal cost of the local loop is the same for originating and terminating traffic, that
is, C; — Cj, = Cj5, equalities (2.2-2.3) boil down to

P =Gy ¢ (C3-1), (2.4)
M =f+¢ S~ [0 X(P )+ (- ) X(p )] (7~ C3) (2.9)

The equilibrium price structure is robust to different assumptions about the
nature of competition. Let us mention here that the benchmark model is different from
existing models because (i) initial market sharesform the starting point of competition,
and (ii) there are consumer switching costs (any insights pertaining to initial market
shares are lost without these features). However, the outcome that per-minute pricesin
equilibrium are equal to average marginal costs, and that fixed fees are used to capture
consumer surplus, isalso obtainedin other model s. For instance, theresult remainsvalid
when networksare horizontally differentiated (L affont, Rey and Tirole, 1998a) or when
there is certain degree of substitutability between the networks (Armstrong, 1998).

Profit drivers

An interesting observation is that an operator that sets its per-minute price equal to
average marginal cost, makes zero profits from the total amount of on-net and off-net
traffic. Formally, one can show that p/ = ¢; ¢, + ¢; (C,+ 1) isequivalent to

(e)>x(p") (B - c) +¢ ¢ X(p') (B -C,-7)=0
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(profits from on-net traffic + profits from off-net traffic = 0).

A consequence of this observation is that in equilibrium, revenues from
incoming traffic and revenues from subscription fees drive an operator’s profit level.
Thisresult need not be trueif one changes the assumptionsthat underlie the benchmark
model, though.

Using the observation above, one can simplify equilibrium profits (under
reciprocal access prices) as

L, P m M ) =n (@) [Sm+ (X(P) - X(P")) (x - Ca)l.

Equilibrium existence

We will now briefly address existence and uniqueness of an equilibrium. Suppose that
the operators have identical marginal costs (¢, = ¢, , k=1, 2, 3), and let terminating
access prices be reciprocal (t = t; = 1,). It can be shown that if the potential lock-in
effectisnot too small (thatis, s, issufficiently large) or the access priceissufficiently
close to the marginal cost of the local 1oop (c,;), then there exists a unique equilibrium
in which both operators have strictly positive market shares.

It is very hard to analytically prove equilibrium existence in more general
settings. In part |1 of this study, we will therefore use numerical methods to generate
equilibrium outcomes, while checking the conditions that are necessary for a Nash
equilibrium (the first- and second-order conditions).

Box 4.4.1. Insights of the benchmark model

2 See L affont, Rey and Tirole (1998a), who consider a completely symmetric model, which
corresponds to the benchmark model if one assumes equal, initial market shares. By redefining
Vs, 8sthedegree of substitutability of the networks, the symmetric equilibrium outcome above
is identical to theirs. This suggests also that the price structure that is obtained is robust to
changes in demand assumptions.



The benchmark model generates the following insights on static, facilities-based
competition in two-part tariffs (similar to the basic results of the early literature
discussed in chapter 3):

. In equilibrium, per-minute prices are equal to average marginal costs,
while the operators use subscription fees to exercise market power.

. If the operators are symmetric, there exists a unique equilibrium in which
both operators have strictly positive market shares.

. The reciprocal terminating access price cannot be used as an instrument of

tacit collusion (contrary to the situation of competition in linear prices).




47

Chapter 5. Simulation

5.1. Introduction

To make the benchmark model more realistic, adynamic element can be added. In this
chapter, we explain how dynamicsareintroducedinto the benchmark model. Put simply,
the benchmark model is repeated during a certain number of periods, while after each
period, initial market sharesare updated by redefining them asthe market sharesrealized
inthat period. Also, an observed outcome of the benchmark model, in which the entrant
gained market share at an unrealistically high speed, is repaired by making arealistic
assumption on the fixed utility levels of the operators.

Section 5.2 discusses how market dynamics are incorporated in the model.
Section 5.3 explains the way that equilibria are calculated by using Mathematica
software. Section 5.4 contains information about the way outcomes of the simulations
will be represented in part I1.

5.2 Incorporating market dynamics

Profit maximization

In adynamic game, many outcomes are possible in general, depending of course onthe
assumptions of the game (e.g. finite versus infinite number of periods, equilibrium
concept, equilibrium selection; see e.g. Fudenberg and Tirole, 1991). Also, given a
specific set of assumptions, a dynamic game may have several outcomes, ranging from
cut-throat competition in each period, to collusion during the complete course of the
game. Such a range of outcomes can be completely compatible with dynamic
optimization by the playersin the game.

To keep the simulations tractable, we assume that in each period the operators
maximize their per-period profits (net of investment costs), and consumers maximize
per-period utility. This assumption is obvioudly restrictive. Ideally, one would want to
incorporate that firms look much further ahead and maximize the discounted sum of
per-period profits. Nevertheless, the assumption that operators are “myopic” is, to a
certain extent, realistic. For instance, investors may be myopic in the sense that they
require a fast recovery of investments (which can be done by designing approprate
incentive schemes for managers). Also, a quick turnover of personnel at sales and
marketing departments (where pricing decisions are taken) may make it difficult to
implement long-term pricing strategies. More generally, managers who are responsible
for tactical decisions often have a shorter time horizon than owners or investors of a
firm, since incentives are not aligned.
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Repeating the game

In the benchmark model, initial market shares strongly affect the outcome of
competition. At the beginning of the game, initial market sharesare given by ¢,° =1 and
9,°=0.Let ¢ denote operator i’smarket sharerealizedin periodt =1, 2,... At the start
of each period t = 1, 2,..., the operators take the market shares ¢,' ~* of the previous
period as given. Hence, initial market shares are updated by defining the “new” initial
share as ¢! ~* in each period t. Moreover, we assume that consumer types are
uncorrel ated over time, so that in each period, switching costsfor customers of operator
i are uniformly distributed on the interval [0, S, ¢;' ']

The length of a single period in the model can be thought of as the minimum
amount of timethat operators need in order to adjust their prices. Inreality inthe market
for fixed telephony, it may take about two months for a regulated operator to adapt its
prices (one month to get approval from the regulator, and one month to implement the
price change). Therefore it seems reasonable to think of a single period as alength of
time of two months.

The effectiveness of variousregulatory regimeswill be assessed by considering
the sum over the periods of producer surplus, consumer surplus, and welfare. To
simplify matterswithout affecting the qualitativeinsights, the discount factor will be set
at 1.

Track record of entrants

Onecan easily check numerically that inthe benchmark model, theincumbent’ srealized
market share after asingle period of competition in equilibrium roughly equals 0.67 for
many parameter cases (and that realized market sharesconvergetoward 50-50 after more
periods). Thisis becausein the model, the entrant could offer equal utility levelsasthe
incumbent. Hence, under price competition the entrant builds up market share quitefast.
Actually, the operators in the benchmark model were “excessively symmetric,” while
in reality, entrants typically increase quality levels and range of services over time. In
the simulations, we will try to preclude this rather extreme outcome by assuming that
initially, the fixed utility level offered by the entrant islower than the incumbent’s, but
it increases over time as the entrant. More precisely,

U, = Uy,
U, = U, Min{(t - 1), K} /K,

where u, isagiven constant and k isthe number of periods needed by an entrant to build
a“track record” of quality. Noticethat in the long run, both operators offer equal fixed
utility levels.

An empirical survey among telecommunications users in the Netherlands by
Bouwman, Hulsink and Van de Riet (1999) confirms the claim that entrants have a
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strong focuson gai ning market sharethrough pricing strategi es, possibly tothedetriment
of quality. The authorsrefer to apresentation by GartnerGroup for theclaimthat it takes
at least 24 months for entrants to build a serious track record. In the model, this
corresponds to setting k = 12.

The assumption about the updating of traffic-independent utility levelsdoes not
affect the qualitative insights of the models. It is a means of smoothing out market
shares, resulting in amore natural evolution of the market. Moreover, one can motivate
the assumption by realistic concerns. A recent, empirical study by Oftel (2000) found
that the main reason given by consumersfor not switchingto an alternative supplier was
satisfaction with the current supplier, while price was the main factor that would
encourage them to change suppliers. These results suggest that in the initial stages of
competition, the incumbent operator offers the best value for money in the perception
of consumers. Inlinewith these empirical results, onecaninterpret utility level u'asthe
utility derived from:

. services in addition to basic telephony (e.g. voice mail, information services);
the entrant is able to develop and introduce more of such services over time;
. quality of service (e.g. accuracy of help desk, assistance with problems); the

entrant isableto improveits quality over time, asit gains experiencein serving
consumers. Alternatively, if quality is an experience good and consumers are
risk averse, it may gain areputation for having a reliable network.

. network quality (e.g. quality of local connection, sound quality of voice
telephony, capacity of switches). An entrant’ s network may not satisfy the same
quality standards as the incumbent’s network in the early stages of network
rollout.

5.3 Calculation of equilibria

Software
The simulations were carried out on a personal computer equipped with a Pentium Pro
processor (Intel), operating system Windows 95 (Microsoft), software package
Mathematica version 4 (Wolfram Research, Inc.), and simulation programs devel oped
in Mathematica. Some examples of literature on applications of Mathematica to
economicsare Froeb and Werden (1996), Huang and Crooke (1997), and Varian (1996).
A recent review of the software is Shone (2000).

A supplementary CD-ROM, available on request in a limited distribution,
contai nsthe M athemati cadocumentswith simul ation output and programs. Readerswith
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the CD but without accessto Mathematica can use the application MathReader, which
isaviewer for notebook documents created with Mathematica.??

Procedure

In each period, an equilibrium is derived by solving the system of first-order equations
for that period. Since these equations contain polynomials of degree 3, numerical
methods must be used to solve the system. To do so, we use the FindRoot procedure of
Mathematica, which uses Newton’s method if one starts the procedure with a single
vector of starting values.?

If Newton’ smethod convergesto acandidate sol ution of thesystem of first-order
equations, we check if it satisfiesthe second-order conditions. By examining candidate
solutions for different starting values, and by plotting profit functions, one can assess
with reasonabl e confidence whether a unique equilibrium has indeed been found. For
all equilibrium outcomes presented in this report, second-order conditions have been
verified. Unigueness has been verified in some cases; one can be fairly confident that
the presented outcomes are unique equilibria.

Noticethat in order to useanumerical method, all parameters of the model must
have numerical values. Appendicesto the chaptersin part 11, that discuss the outcomes
of the simulations, present and discuss the chosen parameter values. To calibrate the
models, we have used industry studies, publicinformation, and expert opinion. Dataon
operational cost levels of operators was not available. Robustness checks showed that
the levels of cost and demand parameters in the models, as long as they are not too
extreme, do not affect the policy implicationsin a qualitative way (although obviously
the numbers in the model outcomes are affected if one changes parameters). Sincethis
isnot empirical study inwhichwetry to estimate models, but instead aconceptual study
of the mechanisms in the market, the lack of data does not discount the value of the
generated insights.

2 A free copy of this application can be downloaded at
http://www.wolfram.com/products/mathreader/.

% Seee.g. Burden and Faires (1988) for an explanation of Newton’ smethod and adescription
of an algorithm that applies the method.
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This part contains the simulation results. It consists of:

Chapter 6: An analysis of three types of entry in a non-segmented market
(i.e., homogeneous consumers).

Chapter 7: An analysis of alternative tariff structuresin a non-segmented
market (flat fees, linear prices, and termination-based price
discrimination).

Chapter 8: An analysis of three types of targeted entry in a segmented market
(residential customers and business customers).
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Summary of notation used in part Il (unless noted otherwise):

surplus, and welfare

variable notation unit
subscription fees m, and m, Euro-cents
per-minute prices p, and p, Euro-cents
differentiated per-minute price for p,”" and p,”" Euro-cents
on-net calls

differentiated per-minute pricesfor | p," and p,° Euro-cents
on-net calls

entrant’s prices for residential p,* and m,® Euro-cents
customers

entrant’s prices for business p,>s and m,™s Euro-cents
customers

terminating access prices T, and 1, Euro-cents
originating access price d; Euro-cents
lease price of local loop L Euro-cents
probability of capacity shortage o -

Carrier Select service (O<a<l)
market shares 0, and ¢, %

profits IT, and IT, million Euros
consumers' surplus, producers CS PS and W million Euros
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Chapter 6. Entry in a non-segmented market

6.1. Introduction

In this chapter, we assume that all consumers are identical, except with respect to
consumer switching costs, and investigate the following entry situations:

. section 6.2: facilities-based competition (FBC);
. section 6.3: local-loop unbundling (LLU);
. section 6.4: Carrier Select-based competition (CSC).

Accordingly, we move from entry that requires the biggest investments by an entrant
(FBC), to asituation in which entry by an operator with only along-distance backbone
is relatively easy (CSC). In each case, the regulatory instruments that apply in that
situation are analyzed. By comparing these three situations, conclusions on entrants
incentives to invest in a network can be drawn.

The modelsin this chapter are more stylized than those that will be analyzed in
chapters7 and 8. Still, theirimportance should not be underestimated. By discussingand
interpreting the outcomes of basic models, it will be easier to comprehend the results of
themorerealistic model sinthe next chapters. However, although conclusionsfor policy
and regulation will be drawn from the resultsin this chapter, it is possible that some of
the conclusions will not remain valid in the richer settings of chapters 7 and 8.

The FBC model depicts a very genera situation of competition between
operators that is not yet observed in reality, but will become relevant if entrants will
have built local loops such that most consumers can choose between more than one
operator with alocal access network. Even though it is still uncertain if this will ever
happen, arelevant questionishow policy and regulation affectsthelikelihood that FBC
will prevail.

Section 6.2 explores the role of reciprocal and asymmetric terminating access
prices. In addition, price cap regulation by using a basket containing the incumbent’s
subscription fee and per-minute price is analyzed. Section 6.3 explores the role of the
lease price of the incumbent’s local line, and analyzes price cap regulation within an
LL U context. Section 6.4 focuses on capacity shortages of the Carrier Select service, the
way they interact with price caps, and also analyzes originating and terminating access
prices are analyzed. Section 6.5 recapitulates implications for policy and regulation.
Also, it discusses the incentives for network investment. An appendix contains the
parameter values and discusses in more detail the model modifications.



Table 6.1.1. Summary of model differences.

FBC LLU CsC
(section 6.2) (section 6.3) (section 6.4)
entrant’s network | - backbone - backbone - backbone
consist of: - customer access
network
entrant’s way of - direct access - direct access - indirect access
access to end- (consumers can (consumers can (consumers cannot
users: subscribe) subscribe) subscribe)
- terminating - terminating - terminating
access (off-net access (off-net access (all cals)
calls) calls) - originating
access (Carrier
Select)
relevant - terminating - terminating - incumbent’s
wholesale prices. | access prices access prices terminating and
- line rental originating access
prices
other relevant - possihility of
details: capacity shortage
of Carrier Select
service

6.2. Facilities-based competition

6.2.1. Model

The competitive situation that is under investigation in this section requires the most
extensive effort by an entrant, since it has to build a customer access network. The
model used to analyze facilities-based entry is a repeated version of the benchmark
model of chapter 4. Operator 2 can depict, for example:

. an entrant who builds a customer access network similar to the incumbent’s
network;
. a cable operator who upgrades its cable network to atwo-way communication

network;
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. an entrant who uses new technology to build a customer access network that is
quite different from the incumbent’s network, but enables the firm to deliver
similar services.

Expectedly, these types of entrants will have different cost structures. We
assume here, at least as a starting point, that operator 2's network is similar to the
incumbent’s, and therefore has similar traffic-dependent cost levels.

In section 6.2.3, price cap regulation will be introduced. We will focus on price
caps that are binding in a limited number of periods only. Indeed, when the market
matures, retail price control should no longer be necessary to prevent the exploitation
of market power by the incumbent, and to guarantee reasonable prices for consumers.
However, this does not necessarily imply that price cap regulation is always needed in
the early stages of competition.

Instead of looking at voice telephony as a bundled service, one can consider a
regulatory basket containing:

. aconnection to theincumbent’ slocal access network (denotethe corresponding
weight in the basket by A);
. the possibility to use the connection to make calls oneself (denote the

corresponding weight by 1 - A).

Parameter ) can be interpreted as a weight, since per-minute prices and
subscription fees are both expressed in cents.

The price cap on the basket is denoted by k. A non-binding price cap will be
denoted by the infinity symbol k = «. In the model, the following restriction on prices
isincluded:

Apt(A-A)m <x.

Notice that for A > 0 and « sufficiently small, operator 1 is subject to ajoint price cap,
while for A = 0 and « sufficiently small, operator 1 is subject to a price cap on the
subscription fee only.

Thisjoint price cap can be motivated asfollows. Parametersx and k can befixed
by the regulator such that a consumer with a certain number of call minutes can enjoy
hisconsumption at aregulated prices. For exampl e, supposeaconsumer iswillingto pay
60 Eurosfor 1200 call minutes. The* participation constraint” of thisconsumer is: 1200
p, + m, < 6000, which can be rewritten as (1200/1201) p, + (1/1201) m, < 6000/1201.
Accordingly, 2 = 1200/1201 = 1, and « = 6000/1201 = 5.00.

Weight A can be used to finely adjust the price cap: increasing A (for given) has
areleasing effect on the price cap while the pressure on the subscription feeis reduced.
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A “morestringent pricecap” indicatesalower valuefor k (for given 1), or alower value
of A (for given k).

Table 6.2.1. Instruments of policy and regulation

instrument | description

T, terminating access price charged by operator 1
1, terminating access price charged by operator 2
A weight in price cap operator 1

K total price cap operator 1

6.2.2. Terminating access prices

The most basic questions in a situation of competing operators, concerns the level of
access prices. These questionsinclude how high they should be, whether they should be
reciprocal (i.e., symmetric), whether they should be regulated, and if yes, how. We will
first address the height of terminating access prices. Regulation will be addressed in
section 6.5.

Intuitively, one may expect that since the access price of one operator increases
the other operator’s average marginal cost, operators of equal sizes and with equal
market shares should be able to agree on reciprocal, cost-based access prices. Also, this
seemsto be efficient from awelfare point-of-view. The outcomes confirm thisintuition,
but also illustrate that in the early stages of competition, when the entrant is still small,
the regulator may want to decide differently.

To start, consider the effects of an increase in the reciprocal terminating access
price.

2 An alternative way to define price capsisto use separate caps for the per-minute price and
the subscription fee. In cases where our formulation is not optimal, it is dropped. For example,
in the case of Carrier Select entry, the incumbent’ s subscription feeisfixed and thereis aprice
cap on the per-minute price is separately capped.
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T, =T, 0, profits1 | profits2 | CS PS W
1 5.556 422.64 1.46 400.29 424.1 824.39
15 5.523 422.1 1.45 400.95 423.55 824.5
2 5.425 420.49 141 402.94 421.89 824.83
Table 6.2.3. Reciprocal terminating access prices/ long run *
T, =T, 0, profits1 | profits2 | CS PS W
1 49.807 119.37 117.54 610.14 236.91 847.05
15 49.806 119.37 117.54 610.01 236.91 846.92
2 49.804 119.38 117.53 609.62 236.91 846.53
* The“long run” isin period 15.
Table 6.2.4. Reciprocal terminating access prices/ aggregate over time
T, =T, profits1 | profits2 | CS PS W
1 3602.06 | 799.54 7809.72 | 4401.06 | 12211.3
15 3600.43 | 799.19 7811.03 | 4399.62 | 12210.7
2 3595.5 798.15 7815.05 | 4393.65 | 12208.7

We will view access prices equal to marginal costs as the point of departure.

Consider an increase in the reciprocal access price. One can make the following

observations.

Short run:

The entrant’s market share is slightly reduced. There is a small, positive effect on
consumers' surplus. Both operators' profits, and therefore also producers’ surplus, are

reduced.
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Long run:
The effects seem to be negligible. Consumers’ surplusis slightly reduced, while profit
levelsand producers’ surplusare hardly affected. Therefore, welfareisdlightly reduced.

Aggregate over time:

Both operators' profits are reduced; the incumbent experiences a stronger decreasein
profits. Because of the short-run effect, consumers’ surplusincreases. Overall the effect
on welfare is negative but very small.

Intuition

In general, an operator wishes to increase its access price since (i) it results in higher
profits (dueto revenuesfromincomingtraffic), and (ii) it raisestherival operator’ scost,
leading to a strategic advantage.

Terminating access revenues make competition more intense. Especially the
entrant becomes a tougher competitor. The reason is that if an operator reduces its
subscription fee to attract a consumer, it not only gains market share, but also attracts
more calls from the other network to that consumer, which is profitable if thereis an
access markup. Hence amarginal consumer is especially valuable for an operator with
asmall market share.

From a welfare point-of-view, the best that can be done (the “first-best”) isto
set access prices equal to marginal costs. An increase in the reciprocal terminating
access price leads to an increase of both operators’ levels of traffic-dependent costs.
Therefore, both operators' per-minute pricesincrease. Because consumers' demand for
call minutesdecreases, the operatorshaveto reduce subscriptionfees. Initially, whenthe
entrant is still small, the entrant reacts by much stronger price cut than the incumbent.

Overall, profitsand producers’ surplusare hardly affected by anincreaseinthe
reciprocal access price. Inthe short run though, when the entrant still hasasmall market
share, consumersbenefit frommoreintense competition. Also, lower switching costsare
incurred sincethereislessconsumer switching. Therefore, consumers’ surplusincreases
initialy.

Next, we consider non-reciprocal access prices.
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T | |0 profits1 | profits2 | CS PS W

1 1 5.556 422.64 1.46 400.29 424.1 824.39
1 2 5.556 389.32 1.58 433.49 390.9 824.39
1 2 5.556 356.11 1.69 466.58 357.8 824.38
2 1 5.523 455.44 133 367.73 456.78 824.5
2 1 5.425 487.21 1.19 336.45 488.39 824.84

Table 6.2.6. Non-reciprocal terminating access prices/ long run

T | |0 profits1 | profits2 | CS PS W

1 1 49.807 119.37 117.54 610.14 236.91 847.05
1 2 49.821 110.02 126.76 610.21 236.78 846.99
1 2 49.861 100.83 135.88 610.09 236.71 846.8
2 1 49.793 128.74 108.33 609.92 237.07 846.99
2 1 49.751 138 99.28 609.51 237.28 846.79

Table 6.2.7. Non-reciprocal terminating access prices/ aggregate over time

T, |5 profits1 | profits2 | CS PS W

1 1 3602.06 | 799.54 7809.72 | 4401.06 | 12211.3
1 15 3319.18 | 862.3 8029.25 | 4181.48 | 12210.7
1 2 3039.44 | 924.46 824511 | 3963.9 12209

2 1 3883.58 | 736.53 7591.12 | 462011 | 12211.2
2 1 4160.25 | 674.05 7376.7 4834.3 12211




60

Again, we view access prices equal to marginal costs as the point of departure.
Consider the effectsof increasein entrant’ sterminating accessprice (whileincumbent’ s
terminating access price is cost-based).?® One can make the following observations.

Short run:

The entrant’s market share remains unaffected while its profits increase. The
incumbent’ s profitsare reduced. Thereisastrong positive effect on consumers’ surplus
and a strong negative effect on producers' surplus. The effect on welfare is negligible.

Long run:

Theentrant’ smarket share dlightly increaseswhileitsprofitsincrease substantialy. The
incumbent’s profits are reduced. Moreover, the incumbent’s profit reduction roughly
equals the entrant’s profit increase. The effects on consumers’ surplus, producers
surplus, and welfare seem negligible (welfare is dightly reduced).

Aggregate over time:

The entrant’s profits increase. The incumbent’s profits decrease. There is a positive
effect on consumers' surplus and anegative effect on producers’ surplus. Theeffect on
welfare seems negligible (welfare is slightly reduced).

Intuition

An increase in the entrant’s terminating access price leads to an increase of the
incumbent’ slevel of traffic-dependent costs. Thereforetheincumbent’ sper-minute price
isincreased. To remain competitive, the incumbent has to reduce its subscription fee,
which triggersacut in the entrant’ s subscription fee. Hence, in the short run consumers
benefit from more intense competition. In the long run, when the operators are equally
largeintermsof market share, thiseffect vanishes. Noticethat the short-term asymmetry
is profitable for the entrant.

Robustness
Section 1.3 distinguished three types of robustness. Because this is the first time we
discuss policy implications and their robustness, we do it more elaborately than in the
rest of part Il.

Concerning the first type of robustness, it was already mentioned in chapter 1
that for all models, the outcomes of the simulations are qualitatively robust to changes

% Note that the tables also depict situations reverse to those discussed above. Anincreasein
the incumbent's terminating access price while entrant's terminating access priceis cost-based is
beneficial only for the incumbent. The entrant's market share and profits, and also consumers
surplus, are reduced. The lower welfare level in the long run seems to be a negligible effect.
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in cost and demand parameters.® Robustness with respect to mode! specifications will
be reported in chapter 9, where we compare the outcomes of the different models. We
now turn to the third type of robustness check, namely, robustness to changes in
underlying assumptions.

First, suppose that instead of per-period profit maximization, operators
maximize the discounted sum of profits over time. In the light of the strategic
importance of market shares, which is due to reputation effects and switching-cost
induced loyalty, the operators put more weight on alarge market share. This leads to
more price pressure in general. At the beginning of the game, when the entrant starts
with zero market share, the entrant has stronger incentives to cut prices than the
incumbent. Presumably, the entrant will try to gain market share fast by cutting prices
and revert to per-period profit maximization when its market shareis substantial and the
division of the market has stabilized.?” In the short run therefore, more intense price
competition is beneficial for consumers, and the entrant gains market share at a faster
rate. The long-run implications of the model do not seem to change substantially,
although competition may become more intense. The conclusion isthat theimportance
of access priceregul ation might beless prominent inthe short run, whilelong-run policy
implications remain unchanged, at least qualitatively. Thereis an evident consequence
for the time-dependent asymmetric access price regulation. Since the entrant’s market
share grows much faster, the regulator can switch to reciprocal access prices equal to
costs at an earlier stage.

If the entrant competes aggressively for market sharein the short run, thelargest
risk for consumers is perhaps that the entrant fails to deliver the promised quality.?® It
isgenerally outside the scope of aregulator to interfereif such problemsarise, although
monitoring the market and informing consumers about the risksthat areinvolved seems
appropriate. Also, sincethe delivery of acertainlevel of quality in telecommunications
critically dependson market forecastsand capacity investments, apredictableregul atory
environment isvery helpful to the entrant and consumers. That isone of the reasonswhy
it isso important that the regulator informsthe market about itsregulatory principlesas
soon as possible, and commits to it. Regulatory certainty will also reduce the risk that
the entrant may go bankrupt (which harmsthe devel opment of competition and therefore

% Many simulations were performed during the research stage of the project. For the sake of
exposition, these are not reported here.

% We acknowledge but abstract from the possibility that under dynamic optimization,
competition in the long may be more intense if firms give more priority to market shares. This
abstraction does not seem to affect the conclusions of this discussion.

% Recently, there have been many complaints about the quality delivered by providers of
broadband internet access. Typically in the market for internet access, firms want to grow very
fast.
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also consumers surplus). Arguably, the risk of bankruptcy is higher if the entrant
maximizes market share in the short run.

Second, suppose that there is more than one entrant. A likely effect isthat the
increased number of operators introduces more downward pressure on prices.
Consumers typically benefit from increased competition, which at least at first sight
suggeststhat therole of access price regul ation becomes|ess prominent. However, more
entry may lead to lower market shares and profits per entrant. In particular the reduced
market shares may harm them, given the strategic importance of market shares (due to
reputation and loyalty effects). Accordingly the incumbent can remain relatively large,
compared to the situation with a single entrant, and its dominant position is maintained
during alonger period of time. Hence it is now even more important to take entrants
market share and profits into account for the regulator. This enforces our earlier
arguments related to access price regulation.

Third, consider the growing market for internet access. Perhaps the most
pressing problem is that the growth in internet traffic may lead to network congestion
at the points of interconnection with theincumbent’ s network. A possible consegquence
isthat entrants, and al sointernet service providers (ISPs) using an entrant’ snetwork, are
disadvantaged. Capacity problems can be circumvented by diverting internet traffic
away from regular voicetraffic on theincumbent’ sPSTN (for instance by using special
phone numbers for internet access). Sincethisisarealistic policy option,? there are no
indications that the growth in internet traffic will interfere with the earlier conclusions
tailored to voice traffic (which doesn't experience the steep growth of the internet
market). Interconnection fees paid by the incumbent to an entrant hosting an ISP are
very important, however, since ISPs may financially depend on “kickbacks” paid out of
these fees. Thisissue is outside the scope of this study.

Policy implications

Consumers’ surplus is maximized over time if the entrant’s access price is relatively
large initially and tends towards its underlying cost level as the entrant gains market
share. The incumbent’s access price should be equal to cost throughout time. Access
regulation of this type, which essentially does not affect how fast the entrant gains
market share, initially skims the incumbent’s profits, while increasing the entrant’s
profits, and hence its incentivesto build local infrastructure.

2 |n the Netherlands, Optaintends to apply this option. See e.g. http://www.opta.nl.
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6.2.3. Price cap regulation

Inthissection we consider ajoint price cap ontheincumbent’ s subscription feeand per-
minute price, as was introduced in section 6.2.1. Recall that in section 6.2.2, without
price cap regulation, the operators choose per-minute prices equal to their traffic-
dependent costs, and use subscription feesto exercise market power. Thisresult may no
longer hold under price cap regulation. Intuitively, a price cap may make it impossible
for the incumbent to choose the optimal (i.e., profit-maximizing best response)
subscription fee, triggering a deviation by the entrant as well. Accordingly, the price
structure observed in section 6.2.2 will be distorted, and expectedly, the operators will
no longer set their per-minute prices at the marginal cost level.
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Table 6.2.8. Price cap regulation / short run

A K 0, profits1 | profits2 | CS PS W
0 & 5556 | 422.64 1.46 400.29 | 424.1 824.39
0 7500 | 4.072 | 414.34 0.79 414.01 | 41512 | 829.14
0 6000 [ 1.619 | 393.25 0.12 436.92 | 393.37 | 830.3
0 7500 | 4.19 415.12 0.83 41292 | 41596 | 828.87
0 6000 |[1.724 | 394.33 0.14 43594 | 39447 | 83041
0.1 6000 | 2.739 | 404 0.36 426.43 | 404.36 | 830.79
Table 6.2.9. Price cap regulation / long run
A K ?5 profits1 | profits2 | CS PS W
0 e 49.807 | 119.37 117.54 610.14 | 236.91 | 847.05
0 7500 | 49.807 | 119.37 117.54 610.14 | 236.91 | 847.05
0 6000 |49.794 | 11943 117.48 610.14 | 236.91 | 847.05
0 7500 | 49.807 | 119.37 117.54 610.14 | 236.91 | 847.05
0 6000 | 49.797 | 119.42 117.5 610.14 | 236.91 | 847.05
0.1 6000 | 49.807 | 119.37 117.54 610.14 | 236.91 | 847.05
Table 6.2.10. Price cap regulation / aggregate over time
A K profits1 | profits2 | CS PS W
0 & 3602.06 | 799.54 | 7809.7 | 44011 | 12211.3
0 7500 3597.8 793.38 | 7837.2 |[4391.2 | 122284
0 6000 3547.66 | 745.3 7965.1 | 4293 12258.1
0 7500 3598.6 79449 | 78332 |[4393.1 | 12226.3
0 6000 3551.39 | 74841 | 79581 | 4299.8 | 12257.9
0.1 6000 3579.66 | 773.77 | 7896.4 |4353.4 | 12249.8
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The following table complements the tables above. It tells us how long the
considered price caps are binding.

Table 6.2.11. Periodsin which price cap is binding

A K periods
0 o0 none

0 7500 1,...5

0 6000 1,..12
0 7500 1,...5

0 6000 1,..12
0.1 6000 1,..9

Now consider the effects of more stringent price cap on incumbent’ s prices. We
view the situation without binding price caps as a point of departure. One can makethe
following observations.

Short run:
Theincumbent’ sprofits, andtheentrant’ smarket shareand profits, arestrongly reduced.
Hence producers' surplus decreases. Consumers' surplus and welfare increase.

Long run:

In the long run, the price cap is no longer binding. Over time, the entrant is able to
recover fromitsinitially lower market share. Given that the entrant remainsactivein the
market, there is no harm in the long run.

Aggregate over time:
Both operators' profits, and hence producers’ surplus, are reduced. There is a positive
effect on consumers' surplus and welfare.

Intuition

Aslong as the incumbent’s price cap is binding (lowering the incumbent’ s prices), the
entrant indirectly experiences more downward pressure on its prices and is forced to
reduce prices aswell. Hence both operators suffer from the price cap, whilethe entrant
gains market share much more slowly. However, consumers benefit from lower prices.
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Robustness

Just as in section 6.2.2, we start by discussing the role of the assumption of myopic
optimization. Recall that a dynamic entry strategy will put more weight on a large
market share. Consequently, the entrant will try to gain market share faster by setting
lower prices. Thiscreatesdownward pressure ontheincumbent’ sprices, so that the need
for price cap regulation diminishes (given that the incumbent does not have captive
customers in the model analyzed here; an assumption that is dropped in section 8.2).
Suppose that the incumbent’ s prices are reduced, due to atighter price cap. In order to
reinforce its short-term aim to gain market share, the entrant has to reduce its prices
further. As a consequence, price cap regulation makes entry less attractive.
Summarizing, although one cannot conclude that the need for price cap regulation
vanishes, one can argue that it is reduced, or that a price cap should be less tight.

Another assumption of the model is that there is a single entrant. If there are
several entrants, market share and profits per entrant decrease, due to increased
competition. Alsotheincumbent experiencesmoredownward pricepressure. Therefore,
also in this case the conclusion is that price cap regulation can be softened to some
extent.

One can learn from these robustness exercises on a more general leve. If the
entrant (or entrants) for some reason adopt a more aggressive stance in the short run,
then (i) the incumbent experiences more downward pressure on its prices, and (ii)
maintaining atight price cap hurts the entrant more than before. Therefore, it makes
sense to make price cap regulation less tight, to a certain extent. Overall, the general,
gualitative policy implications are not affected.

Policy implications

In the short run, when the entrant is still too small to exert serious competitive pressure,
price cap regulation is good for consumers’ surplus. A drawback isthat a price cap for
the incumbent forces the entrant to decrease prices as well (even though the price cap
isnot binding for the entrant). A consequence isthat the entrant’ sincentivesto build a
local network are weakened: price cap regulation makes entry less attractive.
Summarizing, price cap regulation may be needed in the short run, but because of its
strong impact on the entrant in the early phase of competition, it isimportant to set the
levels of price caps correctly.
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6.3. Local loop unbundling
6.3.1. Model

In the model, LLU depicts access to the local line through the main distribution frame
(MDF), sometimes also denoted by “copper loop rental.” This type of accessis often
considered as the most relevant type of access to stimulate competition.* Under MDF
access, a connection to a customer of the incumbent, which consists of alocal line (the
connection to the customer up to and including the MDF) is unbundled. Hence an
entrant can “plug in” by creating a link from its switch to the incumbent’s MDF,
allowingfor accessto the transmission mediumin thelocal loop. Thismakesit possible
for the entrant to operateits own transmission system to provide access, and to take over
the incumbent’ s subscriber.

Some new notation isneeded for the parametersassoci ated with the components
of connections to customers (see the appendix to this chapter for a more detailed
explanation of these cost parameters). In particular, the entrant gets access to the “raw
copper,” but till has to provide a transmission system.®! Hence it incurs a traffic-
independent cost.

Table 6.3.1. Instruments of policy and regulation

instrument | description

T, terminating access price charged by operator 1
1, terminating access price charged by operator 2
A weight in price cap operator 1

K total price cap operator 1

L lease price of local line (line rental)

Unbundling of thelocal loop allowsan entrant to take over subscribersfromthe
incumbent while changing both operators’ structure of connection-dependent, traffic-
independent costs. We abstract from possible changesof theoperators' traffic-dependent

% See e.g. Opta (1998, p. 19) and European Commission (20003, b, c).

% Since we focus on basic voice telephony, we abstract from complications that arise if the
entrant wishes to provide high-speed data services through an xDSL technology.
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costs. Therefore terminating access prices play the samerolein LLU asin FBC (seethe
previous section for an analysis of the role of access prices). Also, the model does not
incorporate implementation issues (e.g. collocation) related to LLU (see Opta, 2000c,
for an overview of open issues).

6.3.2. Lease priceof local line

The central question in a situation of LLU is the level of the lease price of the
incument’s local line. The higher it is, the larger is the traffic-independent cost of a
connection incurred by the entrant. Therefore one expects that an increase in the lease
price results in higher subscription fees. As long as no price caps are effective, per-
minute prices are not influenced. Indeed, optimal per-minute prices are then equal to
average marginal costs, which are not affected by the fixed cost of connections.



Table 6.3.2. Lease price of local line/ short run *

L 0, profits1 | profits2 | CS PS W
1600 5.556 422.64 1.46 400.29 424.1 824.39
2000 5.556 454.22 1.46 368.7 455.69 824.39
2400 5.556 485.81 1.46 337.12 487.27 824.39
*r,=1,=1
Table 6.3.3. Lease price of local line/ long run *
L 0, profits1 | profits2 | CS PS W
1600 49.807 119.37 117.54 610.14 236.91 847.05
2000 49.807 150.96 117.54 578.55 268.5 847.05
2400 49.807 182.55 117.54 546.96 300.09 847.05
T, =T, =
Table 6.3.4. Lease price of local line/ aggregate over time *
L profits1 | profits2 | CS PS W
1600 3602.06 | 799.54 7809.72 | 4401.06 | 12211.3
2000 4075.88 | 799.54 7335.9 487542 | 12211.3
2400 4549.7 799.54 6862.08 | 5349.24 | 12211.3
*r=1,=1

Given acost-based |ease price as our point of departure, we consider the effects
of an increase in the lease price of the incumbent’s local line. One can make the
following observations.

Short run, long run, and aggregate over time:

The entrant’s profits and market share are not affected. The incumbent’s profits are
strongly increased, so that producers’ surplusincreases. Consumers' surplus decreases,
while welfare is not affected.
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Intuition

Both operators’ subscription fees are increased, each in the same order of magnitude as
the increase of the lease price. Per-minute prices are not affected. The incumbent’s
profits increase because of the mark-up in the lease price. The entrant faces a higher
traffic-independent input cost but is able to pass this on to consumers. Therefore, the
entrant’ s profits are not affected. Hence, allowing the incumbent to include a mark-up
in the lease price of the loca line results in a “transfer” from consumers to the
incumbent, without any change in the competitive landscape (i.e., market shares are not
affected). In order to maximize consumers’ surplus, thelinerental should be cost-based.

Robustness

The fact that market shares are not affected in the model depends on the assumptions
that all consumers have a sufficiently high willingness to pay, and an inelastic demand
for asingle connection. Inreality, it may well be the case that the entrant’ s market share
is reduced from a more disadvantageous cost position.

Consider again therole of the assumption of myopic optimization. Supposethat
the entrant puts morewei ght on market share, especially intheearly periods. Theentrant
tries to gain market share by setting lower prices, creating downward pressure on the
incumbent’s prices in the short run. Recall that in the model, market shares are not
affected if the line rental increases. This result probably no longer holds here, because
it directly dependson the operators’ profit functionsand mode of optimization. Instead,
it may happen an increase of the lease price, as it increases the entrant’s cost level,
interfereswith its strategy to gain market sharefast, in the sense that its subscription fee
increases, and it becomes more difficult to gain market share. Consumers face higher
subscription fees.

If there are severa entrants, one can argue along the same lines that a higher
lease price of the incumbent’s local loop marginalizes the entrants. While a formal
analysis is needed to assess exactly how competition is affected, presumably in both
situations a markup in the lease price hurts entrants as well as consumers, who have to
pay higher subscription fees. Summarizing, both from the viewpoint of entrants and
consumers, there should not be a markup in the line rental. This enforces the policy
implication of the model.

So far, we have ignored the effects of the line rental on the entrant’ sincentives
to invest in a customer access network. These will be discussed in section 6.5.4.

Policy implications

Taking the LL U situation as given and abstracting from the entrant’ sincentivesto build
itsown local network, the lease price of thelocal loop should be equal to the fixed cost
of thelocal line. See section 6.5.4 for adiscussion of the entrant’ s incentivesto invest
in infrastructure.
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6.3.3. Price cap regulation

Inthissection we consider ajoint price cap ontheincumbent’ s subscription fee and per-
minute price (see also section 6.2.1). Just asin FBC, the structure of two-part tariffs
where per-minute prices are equal to average marginal costs, isdistorted, because of the
downward pressure on subscription fees. To start with, we look at the effects of price
cap regulation for agiven line rental.

Table 6.3.5. Price cap regulation / short run *

A K 0, profits1 | profits2 | CS PS W

0 & 556 | 454.22 1.46 368.7 455.69 824.39

0 7500 | 3.44 | 441.37 0.56 388.3 441.93 830.23

0 8000 | 4.23 | 446.96 0.85 380.98 447.8 828.78

0 8500 | 5 451.5 1.18 373.84 452.68 826.53
* Thelease price of local lineissetat L =2000.t,=1,=1.

Table 6.3.6. Price cap regulation / long run *
A K 0, profits1 | profits2 | CS PS W

o0 4981 | 15096 | 11754 578.55 268.5 847.05

7500 | 49.81 |150.96 | 117.54 578.55 268.5 847.05

8500 | 49.81 | 150.96 | 117.54 578.55 268.5 847.05
he lease price of local lineissetat L =2000.t, =1, = 1.

0
0
0 |8000 |49.81 |[15096 |117.54 |57855 |[2685 | 847.05
0

* T

Table 6.3.7. Price cap regulation / aggregate over time *

A K profits1 | profits2 | CS PS W

0 & 4075.88 | 799.54 7335.9 4875.42 | 12211.3

0 7500 4065.33 | 786.03 7387.84 | 4851.36 | 12239.2

0 8000 4072.65 | 794.78 7358.3 4867.43 | 12225.7

0 8500 4075.42 | 798.66 7347.18 | 4874.07 | 12215.3
* Thelease price of local lineissetat L =2000.t,=1,=1.
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We will only make a few brief comments. A price cap on operator 1's
subscription fee plays the same rolein LLU as in the FBC. However, the level of the
price cap may need to be adjusted to account for the effects of a markup in the lease
price of thelocal line. The effects of agiven price cap regime and amark-up intheline
rental on an entrant’ s incentives to choose FBC or LLU entry are discussed in section
6.5.2.

Itisalso interesting to consider the effect of changes of the lease price given a
certain price cap regime. Consider, for example, parametersk = 8000 and A = 0. Tables
6.3.8-6.3.9 depict outcomes in the short run and aggregate over time, The long-run
outcomes remain unchanged, because the price cap is not binding in the long run (see
table 6.3.6).

Table 6.3.8. Lease price of local line under price cap regime/ short run *

L 0, profits1 | profits2 | CS PS W

1600 4.846 419.08 111 406.85 420.2 827.04
2000 4.228 446.96 0.85 380.98 447.8 828.78
2400 3.599 474.16 0.61 355.23 474.78 830.01

*1,=1,=1, k= 8000, A = 0.

Table 6.3.9. Lease price of local line under price cap regime / aggregate over time *

L profits1 | profits2 | CS PS W

1600 3601.31 | 798.25 7817.22 | 4399.55 | 12216.8
2000 4072.65 | 794.78 7358.3 4867.43 | 12225.7
2400 4541.09 | 788.25 6907.13 | 5329.34 | 12236.5

*1,=1,= 1, x=28000, A =0.

The main observation isthat the entrant is no longer ableto pass on the markup
in the line rental to consumers. One can easily see from the tables that, similar to the
situation without price cap regulation, the line rental should be cost-based to maximize
consumers' surplus. Moreover, price cap regulation can alleviate the detrimental effect
on consumers' surplus of an increase of the line rental. The precautions on price cap
regulation, discussed in section 6.2.3, also apply here.
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6.4. Carrier Select and Carrier Preselect
6.4.1. Model

The setting is as follows (see the appendix of this chapter for the details of the model).
Operator 2 only has a long-distance backbone.* To have access to end-users, it uses
originating access via a Carrier Select or Preselect service (the difference between
selecting an entrant on a per-call basis or one-and-for-always, is not relevant for the
model).

Operator 1's originating access price is denoted by 6,. Operator 2's traffic-
dependent cost of its backbone is denoted by c,,.

A consumer selecting operator 2's network to carry his calls, keeps his
subscription to the incumbent. Therefore, he can continue to enjoy the fixed utility of
having a connection to operator 1's network. Still, since a consumer who wantsto use
the Carrier Select service has to register with the entrant, the assumption on consumer
switching costs remains valid and plausible.

In reality, there is often limited interconnection capacity to provide Carrier
Select services (see Opta, 2000). Suppose that there is a small probability, denoted by
a, that aconsumer who triesto make acall through Carrier Select, getsthe “busy” tone,
that is, he experiences that he does not get a connection although the called party is not
engaged. If this happens, we assume that he uses his regular subscription to the
incumbent’ s network to establish a connection.

We assume that o does not change over time, as the entrant gains market share.
Arguably, in reality o increases over time, as the entrant generates more traffic.
However, an argument against thisisthat theincumbent gradually isableto increasethe
interconnection capacity over time, thereby reducing o.. A constant parameter o, captures
both tendencies.

Because all consumers subscribe to operator 1, the incumbent has an incentive
to choose its subscription fee m, as high as possible. Therefore the regulator must put
acap on operator 1' ssubscription fee. We will actually assume that the subscription fee
isfixed by theregulator (thisisnot restrictive since any price cap will be bindingin the
model). In addition, the regulator may use a price cap on operator 1’ s per-minute price.
For simplicity, weassumethat theincumbent’ s subscription feeisfixed by theregulator,
while the cap on its per-minute price is denoted by «:

png-

% Alternatively, one can assume that the entrant buys spare capacity from the incumbent.
What mattersisthat the entrant’ slong-distance traffic dependent cost is substantially lower than
the incumbent’ s, either due to discounts on the wholesale market, or to ahigher efficiency level.
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Table 6.4.1. Instruments of policy and regulation

instrument | description

m, regulated subscription fee

K price cap on p,

T, terminating access price charged by operator 1
&, originating access price charged by operator 1

6.4.2. Capacity shortage of Carrier Select service

We start by looking at the effects of a capacity shortage. Intuitively, one expects that
limited capacity harmsthe entrant aswell as consumers, whileit enablesthe incumbent
to hold on to its strong position in the market. We will see, however, that the pictureis
not as simple as that.

A small warning isin place: in the model, a consumer who switches to the
entrant but is unable to get a connection, can costlessly switch back to the incumbent
(recall that they still subscribeto theincumbent’ s network). Therefore, by construction,
a capacity shortage does not necessarily lead to a lower level of consumers’ surplus.
Obviously such outcomes should be understood within the framework of the model,
since in reality, consumers who decide to switch will be dissatisfied if they do not get
the quality that they expect. We have chosen not to incorporate consumers' irritation
into the model.
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o K | ¢, profits1 | profits2 | CS PS W
0 w | 29.504 193.68 36.54 569.73 230.22 799.95
0.1 o | 27.964 218.48 39.55 528.1 258.03 786.13
0.2 o [ 25.575 245.05 40.73 482.77 285.78 768.55
0 5 | 22.217 172.73 21.42 625.77 194.15 819.91
0.1 5 | 17.996 180.62 17.35 623.55 197.97 821.52
0.2 5 | 14.219 187.68 13.71 621.56 201.39 822.95
*1,=5,=1.
Table 6.4.3. Capacity shortage of Carrier Select service/ long run *
o K | @, profits1 | profits2 | CS PS W
0 e~ | 50 121.66 94.42 611.82 216.08 827.9
0.1 ~ | 50 136.22 108.97 574.1 245.19 819.29
0.2 ~ | 50 152.04 124.79 529.58 276.83 806.41
0 5 149.33 122.02 92.25 614.1 214.26 828.36
0.1 5 | 39.957 139.55 74.72 614.09 214.27 828.36
0.2 5 131571 155.23 59.04 614.09 214.27 828.36
*1,=8,=1.
Table 6.4.4. Capacity shortage of Carrier Select service/ aggregate over time *
o} K profits1 | profits2 | CS PS w
0 % 1944.41 | 1313.78 | 9126.66 | 3258.19 | 12384.8
01 | 2188.59 | 1505.03 | 8554.44 | 3693.62 | 12248.1
02 | 2463.83 | 1699.82 | 788255 | 4163.65 | 12046.2
0 5 194721 | 1205.16 | 9268.77 | 3152.37 | 12421.1
0.1 5 218793 | 976.18 9257.82 | 3164.11 | 12421.9
0.2 5 2403.32 | 7713 9248.02 | 3174.62 | 12422.6
*1,=5,=1.
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Weview the situation without a capacity shortage and without apricecap onthe
incumbent’ s per-minute price as point of departure. Consider the effects of an decrease
in capacity of the Carrier Select service. One can make the following observations.

Short run:

. Suppose the incumbent’ s per-minute price is not subject to a price cap (k = «).
Although the entrant’s market share is negatively affected, both operators
benefit in terms of profits. There is a strong negative effect on consumers
surplus, while welfare is reduced as well.

. Supposetheincumbent’ s per-minute priceis subject to aprice cap (k =5). Now
only the incumbent benefits from the capacity shortage, while the entrant’s
market share and profits are substantially reduced. Consumers’ surplus is
dlightly reduced, while producers’ surplus sightly increases. Thereis a small
positive effect on welfare.

Long run:

. Suppose the incumbent’ s per-minute priceis not subject to a price cap (k = «).
The entrant’s market share is not affected. Both operators benefit in terms of
profits. Thereis a strong negative effect on consumers’ surplus, while welfare
isreduced as well.

. Supposetheincumbent’ s per-minute priceis subject to aprice cap (k =5). Now
only the incumbent benefits from the capacity shortage, while the entrant’s
market share and profits are substantially reduced. The effects on producers
surplus, consumers’ surplus and welfare are negligable.

Aggregate over time:

. Suppose the incumbent’ s per-minute priceis not subject to a price cap (k = «).
Both operators benefit from the capacity shortage. Consumers surplus and
welfare are reduced.

. Suppose the incumbent’ s per-minute priceis subject to apricecap (x = 5). The

incumbent benefits from the capacity shortage, while the entrant’s profits are
substantially reduced. Consumers' surplusisslightly reduced, while producers
surplus dightly increases. There is a small positive effect on welfare.

Intuition

Without a price cap, the incumbent benefits from the entrant’s capacity problems.
Thereforeit can increaseits per-minute price. Consequently, the price pressure faced by
the entrant isreduced. Thus a capacity shortage softens price competition, resulting in
alower market sharefor theentrant (although it can catch upinthelong run), and higher
profits for both operators.
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If thereis aprice cap on the incumbent’ s per-minute price, then competition is
not softened dueto a capacity shortage. Hencethe entrant’ s profits decrease. Its market
share also decreases. Recall that the positive effect on consumers' surplusin the long
run is due to the fact that consumers can costlessly “switch back” to the incumbent if
they experience a capacity shortage.

In order to maximize consumers surplus, and taking into account that
consumerswill experiencedissatisfactionfromfailed connections, the conclusionisthat
capacity shortages should be minimized. As long as there still is a capacity problem,
price cap regul ation can prevent the softening of price competition. It should be noticed,
though, that the incumbent has strong incentives to maintain the capacity shortage.

Robustness

Concerning the assumption of myopic optimization, one can argue that the entrant
initially is not very eager to put more weight on market share, relative to profits. This
is an important difference with the FBC and LLU models of sections 6.2-6.3. To see
this, notice that a price cut leads to a sharp increase in the volume of Carrier Select
traffic. Thus, for agiven, installed capacity to interconnect, the probability of getting no
connection increases, and Carrier Select users experience aserious quality degradation.
Therefore, by using an aggressive price strategy, the entrant actually bitesinitsowntail.
Accordingly, the assumption that per-period profits are maximized, is compatible with
adynamic entry strategy.

If thereismorethan oneentrant, the downward pressure on the per-minuteprice
becomes stronger. Consequently, for a given, installed capacity to interconnect, the
probability of getting no connection increases for Carrier Select users. The negative
consequences for entrants profits may be offset somewhat by the fact that the
incumbent is then able to increase its per-minute price, somewhat reducing price
pressure in the market. However, it seems unlikely that the entrants benefit from less
intense competition. In particular, alarge number of small entrants may maintain itself
for along time, since each single entrant findsit more difficult to build up abrand name
and reputation. Small entrants have difficulty to get out of this vicious circle if the
capacity problemsare not resolved. Especially with moreentrants, it iscrucial to reduce
the capacity shortage as soon as possible.

Also, if there are severa entrants with rather unfavorable prospects to capture
market share, an entrant has less to lose and may be willing to take higher risks. For
instance, an entrant can undercut other entrants, trying to capture market share fromits
competitors (inducing them to exit the market), and hoping that the incumbent will
increase capacity soon. However, since each entrant may argue along these lines, it is
best to eliminate the capacity shortage as soon as possible.

In section 6.4.3, we discuss the effects on Carrier Select operators of price
squeezes in the light of the observed growth in internet access traffic.
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Policy implications

If the incumbent faces competition from an entrant that offers Carrier Select servicesto
consumers, and if there is no downward pressure on the incumbent’ s subscription fee
from other sources (e.g., competition in other market segments) the incumbent’s
subscription fee must be regulated. Capacity shortages that lead to failures in Carrier
Select connections should be minimized to maximize consumers’ surplus. Aslong as
capacity problemsarenot yet solved, price cap regulation of theincumbent’ sper-minute
price can reduce the harm to consumers. Insufficient interconnection capacity makesit
difficult for entrants to gain market share and become strong competitors.

6.4.3. Originating and ter minating access prices

For the sake of exposition, wewill first try to assess the effects of access priceswithout
possible distortions caused by a capacity shortage or a price cap on operator 1's per-
minute price. Therefore, we start with the case in which o. = 0 and k = <.

Expectedly, in asituation of CSC, the effects of access priceswill divergefrom
theeffectsin situations of FBC and LLU. Thereason isthat an operator who only offers
Carrier Select services, but does not own or lease local lines to have direct access to
consumers, has to pay the entrant for access but does not receive any access revenues
itself. Because of thisasymmetry, only the entrant (and not the incumbent) suffersfrom
high access prices.

In the robustness discussion, we will pay explicit attention to price squeezesin
the light of growing internet access traffic (see aso Opta, 2000b).

Table 6.4.5. Originating and terminating access prices/ short run
& |t |0 profits1 | profits2 | CS PS w

29.504 193.68 36.54 569.73 230.22 799.95
28.598 218.94 34.21 540.18 253.14 793.32
27.577 241.7 3171 512.55 27341 785.96
28.598 218.94 34.21 540.18 253.14 793.32
27.577 241.7 3171 512.55 27341 785.96
27.577 241.7 31.71 512.55 27341 785.96
25.162 279.99 26.28 463.36 306.27 769.63
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Table 6.4.6. Originating and terminating access prices/ long run
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& |t |0 profits1 | profits2 | CS PS w

1 1 50 121.66 94.42 611.82 216.08 827.9
1 2 48.88 150.76 89.38 580.83 240.14 820.97
1 2 47.6 177.71 83.97 551.45 261.68 813.13
2 1 48.88 150.76 89.38 580.83 240.14 820.97
2 1 47.6 177.71 83.97 551.45 261.68 813.13
2 2 47.6 177.71 83.97 551.45 261.68 813.13
2 2 44.446 225.34 72.02 497.79 297.35 795.14

Table 6.4.7. Originating and terminating access prices/ aggregate over time

O, T profits1 | profits2 | CS PS w

1 1 1944.41 | 1313.78 | 9126.66 3258.19 | 12384.8
1 15 2376.11 | 1242.18 | 8662.62 3618.29 | 12280.9
1 2 277493 | 11654 8223.14 3940.33 | 12163.5
15 |1 2376.11 | 1242.18 | 8662.62 3618.29 | 12280.9
2 1 277493 | 11654 8223.14 3940.33 | 12163.5
15 |15 277493 | 11654 8223.14 3940.33 | 12163.5
2 2 3476.94 | 995.76 7421.89 4472.7 11894.6

Viewing cost-based access prices as our point of departure, we consider the
effectsof anincreasein originating or terminating access price. First of all, animportant
observation isthat in thismodel and under the current set of parameters, it isthe sum of
the access prices 6, + 1, which matters for the outcomes, not the separate levels.
Furthermore, one can make the following observations.

Short run, long run, and aggregate over time:
Theentrant’ smarket share and profits decrease, whiletheincumbent’ s profitsincrease.
Consumers’ surplus is reduced and producers’ surplus increases. Overall, welfare
decreases.
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Intuition

An increase in either access price of the incumbent increases the entrant’s traffic-
dependent cost. Consequently, each operator i ncreasesitsper-minuteprice: theentrant’s
price increase is a direct consequence of the higher traffic-dependent cost, while the
incumbent’s price increase is a strategic reply to the entrant’s price strategy. The
incumbent’ srevenues from on-net callsaswell asfromincoming trafficincrease, while
the entrant’ srevenues from traffic decrease. In order to maximize consumers’ surplus,
originating and terminating access prices should be cost-based.

Robustness

Consider maximization of total profits over time. In particular, suppose that initially,
especially the entrant puts more weight on market share, relative to short-term profits.
Then, there are no indications that higher originating and terminating access prices are
now good for consumers’ surplus or the entrant. Access markups translate into higher
prices for consumers, and the risk of bankruptcy increases for the entrant in the short
run. Similar to section 6.2.2, the long-run implications of the model probably won’t
changesubstantially, although competition may become moreintensedueto thestronger
focus on market shares.

Now consider the possibility that it is the incumbent that adopts a more
aggressive strategy (in accordance with adynamic strategy), putting more emphasison
maintaining its market share, or even preventing entry. We will argue that in asituation
of Carrier Select-based competition, (i) a predatory strategy can be rational for the
incumbent, and (ii) the growth in internet traffic through local telephony makesthis a
realistic danger.

Note that the entrant, at some point in time, has to start making positive profits
to cover its fixed investment costs at some point in time. If this takes too long, the
entrant may have to exit the market. In general, therefore, competition authorities have
to watch out for predatory pricing by the incumbent. Assuming that straightforward
predatory pricing is effectively prevented, we turn to a more subtle possibility for
predatory behavior, based on price squeezes (see Opta, 2000b).

To see this, notice that even if a Carrier Select operator is more efficient than
the incumbent, a high originating access price, creating a price squeeze if the
incumbent’ s retail priceis sufficiently low, can bring the entrant into trouble. Because
Carrier Select operators have no customer access network, they cannot provide local
telephony at a lower cost (and price) than the incumbent without incurring losses.
Nevertheless, to be able to offer acomplete range of services, they may choose to offer
local calls at a competing price while incurring the associated |osses.

Next, note that phone numbers for internet access are typically local numbers.
Accordingly, because of the strong growth in the demand for internet access, more and
more |osses are imposed on Carrier Select entrants, who ultimately have to discourage
their customersto use the Carrier Select service to dial internet access numbers. They
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may even advise their customersto use the incumbent’ s network for internet access, or
increase their pricesto aprohibitive level,* leading to a marginalization of entrants. In
the light of the strategic importance of market shares (due to loyalty and reputation
effects), the prospects of competition arethen seriously damaged, not only inthe market
for internet access, but only in the market for local and long-distance voice telephony.
The conclusion is that an access markup can be very harmful for entrants.

Notice that we have ignored the possibility that the originating price may be
different for voice telephony (calls from one telephone to another) and internet access
(callsthat terminate at an |SP); however, thisis not crucial here. The discussion above
suggeststhat amarkup in either access price harms entrants and their prospectsto grow
into significant competitors.

Finally, some remarks on the single-entrant assumption. If there is more than
one entrant, the downward pressure on the per-minute price becomes stronger. Any
access markup leads to higher per-minute prices, which isbad for consumers. Again it
becomes more crucial for the viability of entry that there are no access markups. The
policy implication of the analysis above concerning access prices seems to be quite
robust.

So far we haveignored the effect of access prices on the entrant’ sincentivesto
build its own customer access network. These effects are discussed in section 6.5.4.

Policy implications

Taking the CSC situation as given and abstracting from the entrant’ sincentivesto build
its own local network, originating and terminating access prices should be cost-based.
Not only from the viewpoint of consumers surplus (access markups inflate retail
prices), but also to prevent price squeezes that may marginalize Carrier Select entrants,
especialy in the light of the growth in (local) internet access traffic. See section 6.5.4
for adiscussion on the entrant’ s incentives to invest in infrastructure.

To conclude this section, we briefly move to asituation that is closer to current
reality (as alast robustness check). Consider the casein which o = 0.10 and k = 5, that
is, the entrant has to cope with a significant capacity shortage, while the incumbent’s
per-minute price is subject to a price cap.

® In the Netherlands, Carrier Select operator Tele2 recently advised customers to use
incumbent KPN Telecom’ s network, while operator One.Tel increased its priceto prevent | osses.
See Financieele Dagblad, 19 October 2000, p.3.
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Table 6.4.8. Originating and terminating access prices/ short run *

& |t |0 profits1 | profits2 | CS PS W
1 1 17.996 180.62 17.35 623.55 197.97 821.52
2 2 11.55 200.38 7.34 617.98 207.72 825.7
2 2 5.552 211.05 1.75 614.98 212.8 827.78
*0=010andk=5.
Table 6.4.9. Originating and terminating access prices/ long run *
& |t |0 profits1 | profits2 | CS PS W
1 1 39.957 139.55 74.72 614.09 214.27 828.36
2 2 24.593 183.62 30.66 614.08 214.28 828.35
2 2 11419 207.16 7.12 614.08 214.28 828.35

*a=0.10and x =5.

Table 6.4.10. Originating and terminating access prices/ aggregate over time *
&, T, profits1 | profits2 | CS PS W
1 1 218793 | 976.18 9257.82 3164.11 | 124219
15 |15 2791.04 | 404.16 9228.81 3195.2 12424
2 2 3115.64 | 94.46 9214.94 3210.1 12425

*a=0.10and x =5.

Again with cost-based access prices as our point of departure, consider the
effects of anincrease in originating or terminating access price. It is straightforward to
seethat similar to the previous case (0. = 0 and k = «), originating and terminating access
prices should be cost-based. Indeed, with an access markup, the entrant’ s market share
and profitsdecreasedramatically, while consumers’ surplusisreduced (especially inthe
short run).
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6.5. Summary of implicationsfor policy and regulation
6.5.1. Policy implications

In this section, conclusions for policy and regulation are drawn from the observations
on the outcomes of the models earlier in this chapter. Policy implications are based on
the criterion of maximizing consumers' surplus, while taking into account the entrant’s
profits and market share, and more generally, possible reductions of both operators
profit levels. Theentrant’ sprofit level isparticularly important, asit givesanindication
of the incentives to enter the market.

Inthe policy implications on access prices, we often refer to access pricesequal
to marginal cost. For simplicity, we abstract from a supplementary markup that may be
needed if cost-based access prices prevent the incumbent from breaking even.

In this subsection, the entry strategy of the entrant is taken as given. Section
6.5.2 takes a broader perspective by considering how regulation can influence the
incentives of an entrant to choose for a particular entry strategy. In particular, in that
section we discuss how a dynamic regulation rule can be helpful to create competition
in the short run by giving an entrant easy access to the incumbent’s network, and
increase the entrant’ s incentives to build its own customer access network over time.

Facilities-based competition
The following implications for policy and regulation are valid given that there is entry
that creates a situation of facilities-based competition.

Terminating access prices

. In the short run, the entrant’ s profits and consumers' surplus can be increased
by asymmetric regulation in which the incumbent’s access price is equal to
marginal cost, and the entrant’s access price temporarily includes a markup.
Then, consumers' surplus and the entrant’ s profits are increased. Although the
speed of entry (measured by the entrant’s market share) is not necessarily
affected, the incentives to enter and build a customer access network become
stronger. (Free negotiation of access prices between a large, dominant
incumbent and a small entrant may not result in the desired outcome, so that
regulation of access prices may be needed.)

. In a mature market, that is, when the operators are on a more equal footing,
reciprocal and cost-based terminating access prices are best for both producers
and consumers.

. Because optimal access prices change over time, it is important that the
regulator announces at an early stage the regulatory principles and credibly
commits to them.
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The moment at which regulation can switch from asymmetric regulation to
reciprocal, cost-based access prices depends on the speed at which the entrant
gains market share. If the entrant competes very aggressively in the early
periods, resulting in faster growth, the switch can take place earlier than if the
entrant “myopically” maximizes per-period profits.

Price cap regulation

Price cap regulation implies a tradeoff between producers surplus and
consumers' surplus. A price cap for the incumbent decreases both operators
profit levels, while consumers benefit. Hence subjecting the incumbent to price
cap regulation may be useful in the early stages of competition, although the
entrant’ s short-run prospects seriously deteriorate. Thereason isthat, although
aprice cap meant for theincumbent need not be binding for an entrant, thelatter
operator experiences more downward pressure on its pricesif the incumbent’s
prices are reduced.

Price cap regulation can fade away if the entrant’s market share has become
substantial. Operators should be able to form expectations about the length of
time that the regulation will apply. Early announcement of the principles
adopted by the regulator, combined with credible commitment, is vital.

The intensity of competition affects the optimal price cap level. If the
disciplinary force of entry on theincumbent isstronger, for instance becausethe
entrant triesto gain market share at a high speed, or because there is more than
one entrant, then price cap regulation can be less tight.

Local loop unbundling
The following implications for policy and regulation are valid given that there is a
situation of local loop unbundling.

Lease price of incumbent’slocal line

Thelease price of theincumbent’ slocal line should be cost-based (i.e., asclose
as possible to the fixed cost of the local line), whether or not the incumbent’s
subscription fee is constrained by a price cap. Allowing the incumbent to
include amark-up in the line rental is beneficial only for the incumbent, while
consumers' surplusis reduced.

Terminating access prices

Similar to asituation of facilities-based entry.

Price cap regulation

Price cap regulation has the same qualitative effects asin the case of facilities-
based entry.
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The aggregate reduction of consumers surplus due to a larger line rental is
somewhat less strong if there is price cap regulation. Therefore, price cap
regulation can, to some extent, reduce the detrimental effect on consumers
surplus of an increase of the line rental.

Carrier Select-based competition
The following implications for policy and regulation are valid given that there is a
situation of Carrier Select-based competition.

Capacity shortage of Carrier Select service

A capacity shortage of the Carrier Select service may soften price competition.
It dows down the growth of the entrant’s market share. The incumbent has
strong incentives to maintain the capacity shortage. Taking into account that
consumers will experience dissatisfaction from failed connections, capacity
shortages should be minimized.

Especialy if there are several, small Carrier Select operators, it is crucial to
reduce any capacity shortage as soon as possible. This is due to the fact that
more competition among entrants, as it leads to more Carrier Select traffic,
increasesthe probability of connection failures. Therefore, if there are capacity
problems, the market has a tendency to remain in a state of alarge number of
marginal entrants.

Price cap regulation

Sincetheincumbent faces no disciplining competitive force on its subscription
fee, it should be regulated (if there is sufficient competition from other
competitors as well, e.g. entrants with their own customer access network, or
entrants that lease local lines, then thisis not necessary).

If there is a capacity shortage of the Carrier Select service, a price cap on the
incumbent’ s per-minute price can prevent the softening of price competition.

Originating and terminating access prices

In the short and long run, originating and terminating access prices should be
cost-based (i.e., as close as possible to the traffic-dependent cost of the local
line). The entrant is completely dependent on the incumbent’s local loop if it
wants to have access to end-users.

The strong growth in the demand for internet access reinforces the need for a
cost-based originating access price. The reason is that internet access usually
takes places via local telephony, a loss-making service if Carrier Select
operators have to pay a large originating access price (“price squeeze”). If
consumers only make a small number of local calls using Carrier Select, the
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incurred losses may be acceptable for the entrant. However, the sharp growth
of internet traffic creates a strong imbalance.

6.5.2. Network investment
By comparing the outcomes of sections 6.2-6.4, one can draw conclusions about the

entrant’ sincentivesto roll out a customer access network. In particular, we will discuss
how well the entrant isdoing in terms of aggregate profits over timein the situations of:

. facilities-based competition (FBC), section 6.2;
. local-loop unbundling (LLU), section 6.3;
. “Carrier Select”-based competition (CSC), section 6.4.

Recall that in section 6.5.1, implications for policy and regulation were valid
given a certain entry situation. However, if one compares the three entry situationsin
order to assess whether the possibilities to stimulate a specific type of entry, the
implications for policy and regulation may be different.

The entrant’s aggregate profits during the periods in which the operators
compete, net of any fixed cost of investment associated with aparticul ar entry strategy,
give an indication of the entrant’s incentives to choose that strategy and incur the
associated investment cost. Reasonable values of these investment costs should reflect
that the fixed cost of FBC-entry is much larger than the entry cost under LLU, whichis
in turn larger than the entry cost of a Carrier Select operator. Since it is difficult to
calibrate the costs of investment for our models, we have not attached specific values
tothesecost levels. Instead, therel ative attracti veness of an entrant’ sinvestment choices
will be discussed qualitatively.

Within the framework of the models, it is in principle possible to obtain any
outcome by conditional regulation. For example, if aregulator favors FBC over LLU,
it can impose a tight price cap regime conditional on LLU entry taking place, while
allowing higher prices under FBC entry. In reality, though, there is alarge variety of
entrants, so that FBC, LLU and CSC take place simultaneously. Therefore, conditional
regulation may neither be feasible nor desirable. In the comparisons of different entry
modes below, we will take this practical restriction into account.



87

FBC versusLLU

Terminating access prices play the samerolein FBC asin LLU. Becausein LLU, an
increase in the lease price of the local line results in upward pressure on both the
incumbent’ s as an entrant’ s subscription fee, we focus on the role of the lease pricein
combination with the possibility of a price cap on the incumbent’s subscription fee.
Consider two cases.

Case 1: theincumbent is not subject to price cap regulation. First, let the lease
price of the incumbent’s local line be equal or close to its fixed cost. Given the
investment cost of building a customer access network, an entrant presumably prefers
LLU above FBC. Second, suppose that the lease price of the incumbent’s local line
includes a mark-up. If the entrant can pass on the mark-up on the lease price to
consumersby increasing its subscription fee, aswehave seenin section 6.3.2, thenagain
the balance istilted towards LLU.

Case 2: the incumbent’ s subscription fee is subject to a price cap. Now, in a
situation of LLU, we have seen (section 6.3.3) that an entrant may not be able to pass
on amark-up in the lease price of thelocal lineto consumers, sincein order to compete
with the incumbent, it must undercut the incumbent’ s subscription fee.* Accordingly,
alease price above cost, in combination with a price cap regime, makes FBC relatively
more attractive for an entrant, compared to LLU.

Cases 1 and 2 suggest that regulation can be used to gradually increase the
entrant’ s incentives to build its own customer access network. Initially, the lease price
of thelocal loop should be low. This allows the entrant to build up a customer base by
leasing local loops. Price cap regulation (which may be desirable during the early
periods) should not be too heavy, otherwise LLU becomes unattractive. Over time, one
can allow the incumbent to gradually increase the line rental, which makes FBC more
attractive for the entrant, relativeto LLU.

Inthemodel of section 6.3, it wasassumed that L L U doesnot restrict the entrant
in terms of quality or range of services that it can offer, compared to entry based on
FBC. Therefore, given proper policy and regulation, it does not matter for consumers’
surpluswhether FBC or LLU occurs. Inreality though, technol ogical restrictionimposed
by the particular way inwhichlocal loops are unbundled, may hamper an entrant to offer
innovative services over the network.

CSC versusFBC/LLU

Access prices play adifferent rolein CSC than in FBC and LLU. The reason isthat in
CSC, only the incumbent charges an access price, while an entrant depends on the
incumbent’s local loop to have access to end-users. This dependency implies that
terminating access prices above cost hurt aCarrier Select entrant more than they hurt an

% To see this, compare the results of sections 6.2.3 and 6.3.3.
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entrant that owns or leases a customer access network. Consequently, alenient policy
on access prices, resulting in access markups, creates a bias away from CSC.

An obvious way to make either building or leasing local lines more attractive
for theentrant comparedto offering aCarrier Select service, isto haveahigh originating
access price. Also, a price cap on the incumbent’s per-minute price, while keeping
capacity shortages of Carrier Select intact, creates a bias away from CSC.

If there are no capacity shortages, then CSC may result in the short run in a
larger consumers' surplusthan FBC or LLU. Hence it may be beneficial for consumers
to stimulate CSC in the short run by enforcing a low originating access price, and
eliminating capacity shortages of Carrier Select. Investmentsin network infrastructure
can be encouraged in thelonger run by allowing theincumbent to gradually increasethe
access price over time. Thus, offering Carrier Select services gradually becomes less
attractive. At some point intime, FBC and LLU become may become more attractive.
Thetradeoff between FBC and LL U can betilted towards FBC by gradually increasing
the lease price of the local loop aswell (as discussed above).
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A.6. Appendix: Calibration and mode adaptations

A.6.1. Parameters

The calibration procedure is based on realistic input values as much as possible, but it
isunavoidable that it also contains some arbitrary elements. For instance, it isdifficult
to empirically measure the level of utility aconsumer derives from calling. Obviously,
this will quantitatively influence the numerical outcomes. Nevertheless, this is not
important for the qualitative results and insights that are obtained.

Demand parameters

Estimations for the demand parameters can be obtained by taking the following
information as a starting point: recently observed prices (see table A.6.1.1), and price
elagticities (estimates are available; see table A.6.1.2), and some information about
calling behavior (estimates available; see next paragraph).

In 1998, the “average person” called 3.86 (the call rate) times 3.37 (the call
duration) = 13 call minutes per day (KPN Jaarverdag 1998). We assume that the call
rate has increased with 3.9% per year, and the call duration with 3% per year (these
numbers represent the actual growth from 1997 to 1998). Expectedly in 2000, the call
rateis 4.2 and the call duration 3.57, resulting in 15 call minutes per day. Thereforein
a period of two months (61 days), a rough estimate of average, individual demand is
given by x = 915.

Thefollowingtablesshow how one canroughly cal cul ate an average per-minute
price (p = 3.0) and an average elasticity (¢ = - 0.18), that can be used to choose
parameters a and b.
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Table A.6.1.1. Per-minute prices in the Netherlands in February 2000 (NLG cents)

local national
peak 5.6 11 75%**
weighted average
7.44
off-peak 2.5* 6 25%
weighted average
3.69
669%6* ** 34% overall weighted
weighted average | weighted average | average 6.5 (3.0
4.83 9.75 Euro-cents)

* Actually the tariff is either 2 or 3 cents.
** By assumption (exact values are not crucial for the results).
*** KPN Concessierapportage 1998, p. 30.

Table A.6.1.2. Price elaticities of demand in the Netherlands (individual end-users)*

local national
residential -0.14 -034 50%* *
customers weighted average
- 021
business -011 - 0.20 50%
customers weighted average
(small/medium -014
enterprices and
corporate)
66% 34% weighted average
weighted average | weighted average | - 0.18
-0.13 -0.27

* NERA (1999). Elasticities do not differ for on-net and off-net calls.

** By assumption (exact values are not crucial for the results).

In the models it is assumed that demand is given by x = (a - p) / b, which
implies that the price elasticity isequal toe = - p/ (a- p). Using these formulas, one

can calculate:
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. Stepl:a=p(e-1)/e=3* (- 1.18) /(- 0.18) = 20.
. Step2:b=(a-p)/x=17/915=0.019.

Utility parameters u,’, u,’ and switching cost parameter s, are of a more
subjective nature, and are difficult to measure, |et alone observe, inreality. Their values
are based on experience obtained in test runs of the model.

The demand parameters that depict the Netherlandsin 2000 are summarized in
the following table.

Table A.6.1.3. Demand parameters

parameter estimate source

a 20 Euro-cents see text

b 0.019 Euro-cents See text

ul 5 000 Euro-cents experience in test runs
Sax 6 000 Euro-cents experience in test runs
market size 7 897 000 customers IDC (1999)

Cost parameters
Opta’'s BU-model generates the following approximations for KPN Telecom’'s
“indirectly attributable costs,” which can be seen as traffic-dependent costs:
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Table A.6.1.4. Traffic-dependent costs

type of call traffic-dependent cost source
per minute

local on-net 1.9 Euro-cents BU model (Opta)
(“BiBa")

regional/national on-net 2.6 Euro-cents BU model (Opta)
(“BuBa’)

off-net 1.5 Euro-cents BU model (Opta)
incoming 1.5 Euro-cents BU model (Opta)

Given that the relative traffic volume of local callsislarger than the volume of
regional/national calls, we will approximate the average cost by 2.0 cents. The average
cost of any “interconnected” call, whether off-net or incoming, is 1.5 cents. Notice that
these numbers do not satisfy the common assumption in the literaturethat ¢, + ¢, =¢c;
(an assumption also used for the benchmark model). Thisis possibly due to averaging.
Sincethemodel sabstract fromthedistinction betweenlocal, regional and national calls,
we will simplify the numbersand assumethat ¢, =2,¢c,=1,andc,=1,i=1, 2.

The cost-oriented “BelBasis’ subscription fee is NL G 34.60 per month, which
includes a rate of return of 13.2%. Hence the incumbent’ s underlying fixed cost of a
connection in the customer access network per month is NLG 30.57 or Euro 14.
Accordingly, f, = 2800. A connection comprises:

. thelocal line (the part of the connection from the network termination point up
to and including a share in the main distribution frame);
. the line card.

The traffic-independent cost associated with a local line of the incumbent
roughly equals NLG 17.80, or Euro 8.00.
Cost parameters are summarized in the following table.
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Table A.6.1.5. Assumptions on cost parameters

parameter value (Euro-cents)

S IS I OIS IS W N

f, 1600

f, 1600

A.6.2 Facilities-based competition

Model without price caps

The model that depicts the game played by the operatorsin each period, isidentical to
the benchmark model of chapter 4. There are no structural changes in the model.

Price cap regulation
Basket of services contains the following services of the incumbent:

. a connection to its network;
. voice telephony.

Joint price cap on operator 1's subscription fee and per-minute price, defined by linear
relation:

Ap,+t(1-A)m <x, where0< A <1
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A.6.3 Local loop unbundling

Operator 2 only has along-distance backbone. To have accessto end-users, it can lease
operator 1'slocal line, while incurring afixed cost for alinecard. A connection in the
incumbent’ s customer access network comprises the local line and the line card. The
associated fixed costs satisfy

— £ local-line linecard

If operator 2 rents alocal line from the incumbent, awire is diverted from the
incumbent’s local switch to a plant provided by operator 2, instead of to operator 1's
main distribution frame. Hence operator 2 incurs a fixed cost f,"¢,

The lease price of operator 1'slocal line is denoted by L. Operator 1's traffic-
independent revenues become:

Ny (Mg - fy) + N, (L - £,°2),
while operator 2's traffic-independent revenues become:
ng, (m, -L - f,/"=),

The remaining parts of the profit functions, that is, the revenues from on-net,
off-net, and incoming calls, remain unchanged (see chapter 4).

Table A.6.3.1. Assumptions on cost parameters

parameter value description

f,localine 1600 1'sfixed cost of local line

f,Jinecard 1200 2’ sfixed cost of linecard (cost
of co-locating)




95

A.6.4 Carrier Select-based competition

Operator 2 only has a long-distance backbone. To have access to end-users, it uses
originating accessviaa Carrier Select service.® Operator 1’ soriginating accesspriceis
denoted by 6,. Operator 2’ s traffic-dependent cost of its backbone is denoted by c,,.

A consumer who selects operator 2's network to carry his calls, keeps his
subscription to the incumbent. Therefore, he can continue to enjoy the fixed utility of
having a connection to operator 1's network u,.

By assumption, there is limited capacity to provide Carrier Select services.
Suppose that there is a (small) probability a that a consumer who tries to make a call
through Carrier Select, experiencesthat he doesnot get aconnection, although thecalled
party is not busy. If this happens, he uses his regular subscription to the incumbent’s
network to establish a connection, but does not cancel its registration with the entrant.

A consumer who wants to use Carrier Select has to register first with the
operator that offersit. Henceit is reasonable to assume that a consumer switching cost
isincurred by anyonewho triesto usethe Carrier Select service, irrespective of capacity
overload.

A consumer who decides to use the Carrier Select service gets expected net
benefits (1 - o) v,(p,, M) + o vy(p,, my). Accordingly, a customer of operator 1 with
switching cost parameter s compares v,(p,, m,) and (1 - ) v,(p,, m) + o vy(p,, my) -
s. One can now define market shares after registration with the entrant has occurred but
before calls are being made, as follows:

9= %+ (1~ o) (Va(Py, M) ~ Vo(P, My)) / S @
09 =@+ (1~ ) (Vo(Py, M) = Va(Prs M) / S

Intheseformulas, ¢,° and ¢,° denote previous-period market shares after regi stration and
before calls are being made. Notice that the market shares that are stored in each period
in the Mathematica notebooks, are the market shares after registration and before calls
are being made.

The market shares that are used to calculate profits, consumers surplus and
welfarein each period in the Mathematica notebooks, are the market shares after calls
have been made and possibl e capacity shortages have occurred. These market sharesare
defined by:

% Actually, the model may depict either Carrier Select or Carrier Preselect.
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0.7 = 0 + 0 9
="+ (L= @) (Va(Py, M) = Vo(Po, M) / S
+0 (0 + (1 @) (VPar M) ~ Va(Ps, M) / S
9= (1 - a) 9%
=(1- ) (@ + (1~ &) (Va(Pz, My) = Va(Pr, M) / S )
Profit functions become:
I (P, Py M) = N py™ X (py) Py~ Cur) + N ™ X(p,) (B, + 74 - 2Cy)
+n(m, - f),
I (P, Py M) =N @ X(p,) (P~ 81— 71 — C).
Consumers’ surplus becomes:

CS=n e, v (p,, m) + n e, v (p,, my)

=N ((1 - @) Va2, M) = Va(Py, M)))*/ (2 Sa).

Table A.6.4.1. Assumptions

parameter | value description

Co 0 2'smarginal cost backbone

o variable/ fixed at 0.10 | capacity shortage (probability)
m, fixed at 3145 1'sregulated subscription fee
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Chapter 7. Alternative tariff structuresin a non-segmented market

7.1. Introduction

Besides the two-part tariff structure analyzed in the previous chapter, there are more
ways to price telecommunications connections and services. In the rea world, thisis
perhaps illustrated best in the market for maobile telephony, where it is virtually
impossibleto keep track of all thedifferent, available contracts. Important questionsare
therefore how tariff structures affect competition, and if alternative pricing structures
have different policy implications. This chapter explores extensions on pricing
structures.

We restrict ourselves to facilities-based competition and analyze the following
tariff structures:

. section 7.2: flat fees(the operatorscompete by choosing subscription feesonly);
. section 7.3: linear prices (the operators choose per-minute prices only);
. section 7.4: non-uniform prices (the operatorsdifferentiate per-minutepricesfor

on-net calls and off-net calls), also called “price discrimination” or “price
differentiation.”

In each situation we zoom in to the role of terminating access prices.
Accordingly, the purpose of this chapter isfirst, to better understand the nature of price
competition, and second, to address the role of access fees. The appendix of chapter 8
(A.8.1) contains a related discussion of situations in which operators offer menus of
contracts, that may consist of different types of pricing structures at the same time.

We will also discuss some additional topics, namely network congestion in the
model with flat fees(section 7.2.2), network externalitiesin themodel with non-uniform
prices (section 7.4.2), asymmetry in allowing non-uniform prices (also section 7.4.2),
and fixed-mobile competition as an interpretation of the model with non-uniform prices
(section 7.4.3).
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Table 7.1.1. Summary of model differences.

consist of:

- customer access
network

- customer access
network

flat fees linear prices non-uniform
prices
(section 7.2) (section 7.3) (section 7.4)
entrant’s network | - backbone - backbone - backbone

- customer access
network

price structure

- operators choose
subscription fees
only

- per-minute
prices are zero

- operators choose
per-minute prices
only

- subscription fees
are zero

- operators choose
different per-
minute prices for
on-net and off-net
cals

relevant wholesale | - terminating - terminating - terminating
prices: access prices access prices access prices
other relevant - model can be
details: used to address
fixed-mobile
interconnection
7.2 Flat fees
7.2.1. Mode

The model is the same as the FBC-model of section 6.2, with one exception: the
operators do not competein two-part tariffs, but inflat fees. That is, consumers only pay
subscription fees and get an unlimited amount of free call minutes. By imposing that

p=p.=0,

the same profit functions as before can be used. Accordingly, the operators compete by
choosing subscription fees m, and m,.



Table 7.2.1 . Instruments of policy and regulation

instrument | description
T, terminating access price charged by operator 1
1, terminating access price charged by operator 2

7.2.2. Terminating access prices and comparison with two-part tariffs
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With competition in flat fees, making telephone callsistoo cheap, in the sense
that traffic-dependent costs still have to be incurred by the operators. Therefore
consumers' individual demand for call minuteswill increase. Because of thisdistortion,
one can expect that welfare will be reduced, compared to the two-part tariffs situation.
M oreover, because subscribers can derive more utility from making calls, the operators
will be able to increase subscription fees. It is not clear beforehand though, whether
consumers will benefit overall.

To keep the presentation compact, we consider reciprocal and asymmetric
terminating access prices simultaneously. In order to better understand the role of flat
feesinthe strategi cinteraction between the operators, wewill a so include acomparison
with two-part tariffs.
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Table 7.2.2. Price structure and terminating access prices/ short run

prices |1, [T, | profits1 | profits2 | CS PS W
2-pat* |1 1 556 |422.64 1.46 400.3 424.1 824.39
2-part 2 2 552 |4221 1.45 401 423.6 824.5
2-part 1 2 5.56 389.32 1.58 433.5 390.9 824.39
flat 1 1 556 |422.64 1.46 392 424.1 816.08
flat 2 2 556 |422.64 1.46 392 424.1 816.08
flat 1 2 5.56 385.56 159 428.9 387.2 816.08

* Two-part tariffs (subscription fee and per-minute price).

Table 7.2.3. Price structure and terminating access prices/ long run
prices |t [T | o, profits1 | profits2 | CS PS W
2-part 1 1 49.81 119.37 117.54 610.1 | 236.9 | 847.05
2-part 2 2 49.81 119.37 117.54 610 236.9 | 846.92
2-part 1 2 49.82 110.02 126.76 610.2 | 236.8 | 846.99
flat 1 1 49.81 119.37 117.54 601.8 | 236.9 |838.74
flat 2 2 49.81 119.37 117.54 601.8 | 236.9 | 838.74
flat 1 2 49.81 108.9 127.85 602 236.8 | 838.74

Table 7.2.4. Price structure and terminating access prices/ aggregate over time

prices T, |1 profits1 | profits2 | CS PS W

2-part 1 1 3602.06 | 799.54 7809.7 | 4401.1 | 122113
2-part 2 15 3600.43 | 799.19 7811 4399.6 | 12210.7
2-part 1 15 3319.18 | 862.3 8029.3 | 41815 | 12210.7
flat 1 1 3602.06 | 799.54 7685 4401.1 | 12086.6
flat 2 15 3602.06 | 799.54 7685 4401.1 | 12086.6
flat 1 15 3286.09 | 869.67 7930.9 | 4155.8 | 12086.6
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We view cost-based access pricing as our point of departure, and discuss the
effects of the access price in comparison with competition in two-part tariffs. Consider
the effects of an increase of terminating access prices. One can make the following
observations.

Short run, long run, and aggregate over time:

The operators' profit levels are hardly changed, and consumers' surplusisnot affected,
under flat feesif the reciprocal access price goesup, contrary to the situation with two-
part tariffs. However, we will see later that each operator’ s compasition of profits does
change.

A non-reciprocal increase of the entrant’s terminating access price, while
keeping theincumbent’ s access price equal to cost, reducestheincumbent’ s profits, but
is beneficial for the entrant’s profits and consumers' surplus. Market shares are not
affected. In the long run, the beneficial effect on consumers' surplus fades out.

Intuition

It is illustrative to look more closely at the prices chosen by the operators in an
equilibrium:

Table 7.2.5. Pricesin period 1

prices T T, o} P, m, m,

2-part 1 1 2 2 8467 3133
2-part 15 |15 |203 247 8432 2685
2-part 1 15 | 203 2 8020 2713
flat 1 1 - - 10572 5239
flat 15 |15 |- - 10572 5239
flat 1 15 |- - 10104 4771

Recall, asthetable above depicts, that with two-part pricing, an increase of the
access price leads to higher per-minute prices (those prices are set at average marginal
cost levels) andto lower subscription fees(making phonecallsbecomesmoreexpensive,
there isless surplus to extract from consumers).

With flat fees, the picture is different. A change in the level of terminating
access prices directly affects traffic-dependent costs, but by definition, the operators
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cannot translate anincreaseinthiscost into larger per-minute prices. Hencethe question
is how subscription fees are affected. To understand this, notice that the larger an
operator’ s market share:

. the more revenues it receives from subscription fees (net of traffic-dependent
costs of on-net calls made by its subscribers);

. the less access costs it incurs from off-net calls made by its subscribers (since
less off-net calls are being made);

. the more accessrevenuesit receives fromincoming calls (since the subscribers

of therival operator make more off-net cals).

The following tables depict how the operators' total profits are composed:



Table 7.2.6. Profits operator 1 in period 1
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prices |1, T total on-net off-net incoming | subscr.
2-part 1 1 42264 |0 0 0 422.64
2-part 15 |15 | 4221 184 - 184 19 420.2
2-part 1 15 | 389.32 185 - 185 0 389.32
flat 1 1 422.64 -148.29 -8.72 0 579.65
flat 15 |15 | 42264 -148.29 -10.90 218 579.65
flat 1 15 | 385.56 -148.29 -10.90 0 544.76
Table 7.2.7. Profits operator 2 in period 1

prices |1, T, total on-net off-net | incoming | subscr.
2pat |1 1 1.46 0 0 0 1.46
2-part 15 |15 | 145 0.11 -011 1.95 -0.50
2pat |1 15 | 158 0 0 1.96 - 0.38
flat 1 1 1.46 -0.51 -8.72 0 10.7
flat 15 |15 | 146 -0.51 -1090 | 2.18 10.7
flat 1 15 | 159 -0.51 -8.72 2.18 8.65

With reciprocal accessprices, it turnsout that the sum of net revenues from off-
net calls and from incoming calls is equal for the incumbent and for the entrant.
Therefore both operators have equally strong incentives to compete for market share.
This is not true if the access prices are asymmetric, though. When only the entrant’s
access price is above cost:

it isvery unattractive for theincumbent to |ose market share (Iess market share
means more off-net calls but no gain in revenues from incoming calls);
the entrant has a strong incentive to capture market share (less off-net callsand

additional revenues from incoming calls).
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As a consequence, competition in subscription fees becomes more intense in the first
periods of the game. Consumers greatly benefit from the lower flat fees.

Robustness

Consider the situation in which the operators maximize total profits over time.
Accordingly, they put more weight on a large market share, leading to more price
pressure in general. More importantly, in the beginning of the game the entrant has
stronger incentivesto decreaseits subscription feethan theincumbent, duetoitssmaller
market share. Overall, the robustnessdiscussionin section 6.2.2 still applies, taking into
account that the operators now compete in subscription feesinstead of two-part tariffs.
Note also here that the regulator can fine-tune access price regulation by switching to
cost-based reciprocal access pricesat an earlier stage. Similarly, policy implications do
not hinge on the assumption that thereisasingle entrant if the operators competein flat
fees.

The welfare-distorting nature of flat fees does not depend on the assumptions
of myopic behavior and a single entrant.

The risk of network congestion, not included in the model, provides ancther
argument against flat fees. Indeed, flat feeslead to a steep increase of the demand for
call minutes; consumers who access internet through their telephone lines may even
want to be on-net day and night. To seethis, compare anindividual consumer’ s demand
under two-part tariffs and under flat fees. Suppose that with two-part tariffs, the per-
minute priceis equal to marginal cogt, that is, p = 2. If the parameters of the individual
demand function for call minutes, x(p) = (a - p) / b, areequal to a= 20 and b = 0.019,
then the individual demand for call minutes is equal to x(2) = 947 minutes. With flat
fees, x(0) = 1053 minutes. However, thiscomparisonimplicitly assumesthat parameters
a and b do not change in different regions of the demand function. If one views the
linear demand function as alocal approximation of amore complex demand curve, the
parameters may very well change when the per-minute price goesto 0. Thereforeit may
be the case that x(0) is much larger.

Policy implications
With aflat-fee pricing structure, the operators can no longer set per-minute pricesat the
efficient level of marginal, that is, average traffic-dependent, costs. Since calling
minutes are free, consumers demand for call minutes increases sharply, allowing the
operators to set higher subscription fees than under two-part tariffs. Overall, a
consumer’ stotal benefits from having a subscription and making phone calls decrease,
compared to the situation with two-part tariffs. Therisk of network congestion provides
an additional argument against flat fees.

Thelevel of areciprocal terminating access priceisnot relevant, except for the
composition of the operators’ profits. The reason is that since the sum of net revenues
from off-net callsand fromincoming callsisequal for theincumbent and for the entrant,
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so that the operators have equally strong incentives to compete for market share. A
consequenceisthat with flat fees, thereciprocal accesspriceisunlikely tofacilitatetacit
collusion.

Asymmetric regulation, allowing the entrant to set the access price above cost
while keeping the incumbent’ s access price cost-based, has similar qualitative effects
as in the situation with two-part tariffs. In particular, it leads to tougher price
competition in the early stages of competition. Consumers’ surplus is maximized over
time if the entrant’s access price is relatively large initially and tends towards its
underlying cost level over time.

Bothfromthe operators’ and from consumers’ point of view, themodel doesnot
provide arguments in favor of competition in flat fees. They may be in the operators
interest only in the short run, when market shares are still asymmetric, but only to a
limited extent. The general picture is that flat fees are neutral for producers surplus,
while they reduce consumers’ surplus (and therefore also welfare).

Price cap regulation

To conclude this section we demonstrate that a price cap on subscription fees has very
strong effectsif the operators compete in flat fees, stronger than in the case of two-part
tariffs. This is due to the fact that flat fees lead to higher subscription fees. As an
example, consider a price cap of k = 10000. Simulations show that it is binding in
periods 1-3 only. Still, it hasavery strong effect on the entrant’ smarket share and profit
level in these early periods. The following table depicts period 1. One can observe that
aprice cap can offset the negative effect of flat fees on welfare.

Table 7.2.8. Price cap regulation / short run

K 0, profits1 | profits2 | CS PS W
oo 5.556 422.64 1.46 391.98 424.1 816.08
10000 0.789 399.16 0.03 436.43 399.19 835.61
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7.3 Linear prices
7.3.1. Model
The model is the same as the FBC-model of section 6.2. However, the operators no

longer compete in two-part tariffs, but in linear prices, that is, consumers only pay per-
minute prices. We simply impose the following restriction:

m, =m, =0.

Accordingly, the operators compete by choosing prices p, and p,.

Table 7.3.1. Instruments of policy and regulation

instrument | description

T, terminating access price charged by operator 1
1, terminating access price charged by operator 2
Remark

For technical reasons related to the possibility to generate feasible solutions (see
appendix A.7.3), the assumption about the entrant’s fixed utility level had to be
modified. As a consequence the results (i.e., the numbers) cannot be compared with
those of section 6.2. Therefore, we have included simulation results on two-part pricing
based on this modified assumption, so that a direct comparison with two-part tariffs
becomes possible.

7.3.2. Terminating access prices and comparison with two-part tariffs

The most interesting question is how terminating access prices affect retail prices. We
know from chapter 6 that with two-part tariffs, higher access prices push up per-minute
prices only to the extent of the associated increase of traffic-dependent costs, while
leading to a downward pressure on subscription fees. We have seen that in the early
stages of competition (when the entrant is still small), consumers benefit from the fact
that competition becomes moreintense, but inthelong run, cost-based access pricesare
better for them.

Withlinear pricing, however, onecanintuitively expect that higher accessprices
have anegativeimpact on consumers’ surplusbothintheshort andinthelongrun, since
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there is no way that higher per-minute prices can be off-set by lower subscription fees.
The following tables confirm this intuition. We note that the numerical results on two-
part tariffs that are included, are different from those presented in section 6.2, because

of the changed assumption on the fixed utility level offered by the entrant (see the
remark in section 7.3.1).
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Table 7.3.2. Price structure and terminating access prices/ short run

prices |t [T | o, profits1 | profits2 | CS PS W
2-pat* |1 1 19.44 | 307.47 17.91 4743 |[3254 | 799.71
2-part 2 2 19.42 | 307.23 17.9 4746 | 3251 | 799.7
2-part 1 2 1945 | 283.32 19.32 497.1 | 3026 | 799.69
linear 1 1 1.062 108.48 0.04 610.7 1085 | 719.26
linear 2 2 0.309 110.26 0 606.6 | 110.3 716.83
linear 1 2 2.815 103.36 0.3 621.4 | 103.7 | 725.08

* Two-part tariffs (subscription fee and per-minute price).

Table 7.3.3. Price structure and terminating access prices/ long run
prices |t [T | ¢, profits1 | profits2 | CS PS W
2-part 1 1 50 118.46 118.45 610.2 | 236.9 | 847.06
2-part 2 2 50 118.46 118.45 610 236.9 | 846.93
2-part 1 2 50.01 109.17 127.75 610.1 | 236.9 | 846.99
linear 1 1 4985 | 47.79 471 657.6 | 94.6 752.23
linear 2 2 49.82 | 48.46 47.99 6529 |96.45 | 749.36
linear 1 2 51.28 | 40.89 54.84 654.8 | 95.74 | 750.49

Table 7.3.4. Price structure and terminating access prices/ aggregate over time
prices | 1, T profits1 | profits2 | CS PS W
2pat |1 1 2332.82 | 1404.93 | 8747.49 | 3737.8 | 12485.2
2-pat |15 |15 2332.5 1404.79 | 8746.25 | 3737.3 | 12483.5
2pat |1 15 214999 | 1515.15 | 8819.24 | 3665.1 | 12484.4
linear |1 1 1012.52 | 440.84 9653.37 | 1453.4 | 11106.7
linear |15 |15 1039.13 | 442.58 9582.76 | 1481.7 | 11064.5
linear |1 15 907.24 527.38 9689.38 | 1434.6 | 11124
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Consider the effects of an increase of terminating access prices. We view cost-
based access pricing under linear pricing as our point of departure, and discuss the
effects of the access price in comparison with competition in two-part tariffs. One can
make the following observations.

Short run:
Theincumbent’ s profitsgo up asaresult fromanincreasein thereciprocal accessprice,
but the entrant’s profits go down. This is different from the situation with two-part
tariffs, where both operators’ profit levels decrease. Also different is that under linear
pricing, consumers’ surplus decreases.

Asymmetric access prices (such that only the entrant charges an access price
above cost) under linear pricing strongly benefit both the entrant in terms of market
share and profits, and consumers. Thisis similar to the situation with two-part tariffs.

Long run:
Both operators' profitsincrease, and consumers' surplusdecreases, when thereciprocal
terminating access price goes up. With two-part tariffs, profits are not affected.

Under linear pricing and also two-part pricing, the beneficial effect on
consumers’ surplusof anon-reciprocal increaseof theentrant’ sterminating accessprice,
fadesout inthelong run. It still reducestheincumbent’ s profits, and isbeneficial for the
entrant’ s profits and market share.

Aggregate over time:

The most important observation is that both operators’ total profits increase when the
reciprocal terminating access price increases, contrary to the situation with two-part
tariffs.

Intuition
To develop our intuition, we take a closer look at the prices emerging from competition
in the first period of the game:
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Table 7.3.5. Pricesin period 1

prices T, T o} P, m, m,
2-part 1 1 2 2 7633 3967
2-part 15 15 21 24 7538 3587
2-part 1 15 21 2 7254 3679
linear 1 1 9.81 5.81 - -
linear 15 15 9.91 5.94 - -
linear 1 15 9.56 55 - -

Recall from the analysis with two-part tariffs, as can also be seen in the table
above, that an increase of the access price leads to higher per-minute prices (because
those prices are set equal to costs) and to lower subscription fees (because thereisless
surplus to extract from consumers).

With linear prices, the picture changes. A riseinthelevel of terminating access
prices still shows up in per-minute prices, but the increase cannot be off-set by lower
subscription fees. The consequenceisthat a higher reciprocal access markup increases
both operators prices. Therefore the reciprocal access price can be seen as an
instrument that may facilitate tacit collusion in the retail market.*®

Generally speaking, since linear prices make it more difficult for operatorsto
appropriate consumers' willingness to pay, they lead to a larger consumers' surplus.
Also, increasing the per-minute price has the following consequences for an operator:*’

. it decreases the operator’ s market share (market share effect);

. it increases the revenues from calls made by its customers (retail revenue
effect);

. it increases net access revenues, since it decreases the access costs that have to

be paid to the rival operator (access revenue effect).

The access revenue is the reason that the access price can be used to facilitate tacit
collusion in the long run, when the entrant has gained market share. With competition

% This is one of the central results in the early literature such as Laffont, Rey and Tirole
(1998a), discussed in chapter 3.

% See Laffont, Rey and Tirole (1997, 1998a).
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in two-part tariffs, the access revenue effect is absent, so that there is no risk of
collusion.

The following tables depict how the operators’ total profits are composed. In
thesetables, the“ revenuesfrom subscriptions’ under linear pricing are negative because
it constitutes only the fixed costs of connections. With two-part tariffs, the subscription
feescover these costs. It isinteresting to notice how access prices aff ect the composition
of profits quite differently under the different pricing structures.

Table 7.3.6. Profits operator 1 in period 1

prices | 1, T total on-net off-net incoming subscr.
2-part 1 1 307.47 0 0 0 307.47
2-part 15 |15 |307.23 4.69 -4.69 5.72 301.51
2-part 1 15 | 283.32 4.7 -4.70 0 283.32
linear 1 1 108.48 323.77 3.48 0 -218.77
linear 15 |15 | 110.26 329.65 0.96 0.09 -220.43
linear 1 15 | 103.36 309.86 8.38 0 -214.89

Table 7.3.7. Profits operator 2 in period 1

prices |t T, total on-net off-net incoming subscr.
2-part 1 1 17.91 0 0 0 17.91
2-part 15 |15 (179 111 -1.11 5.82 12.08
2-part 1 15 |[19.32 0 0 5.83 135
linear 1 1 0.04 0.03 2.36 0 -2.35
linear 15 |15 (O 0 0.62 0.07 -0.68
linear 1 15 (03 0.17 5.77 0.59 -6.23
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Robustness

Consider the situation in which the operators maximize total profits over time.
Accordingly, they put more weight on a large market share, leading to more price
pressure in general. More importantly, in the beginning of the game the entrant has
stronger incentivesto decreaseitsper-minutepricethan theincumbent, duetoitssmaller
market share. Overall, the robustnessdiscussionin section 6.2.2 still applies, takinginto
account that the operatorsnow competein linear pricesinstead of two-part tariffs. Policy
implicationsstill hold, but theregulator can switch to cost-based reciprocal accessprices
at an earlier stage. Similarly, policy implications do not crucially depend on the single-
entrant assumption.

The welfare-distorting nature of linear prices does not depend on the
assumptions of myopic behavior and a single entrant. The risk of network congestion,
that provided an argument against flat fees, playsamuch less prominent rolewith linear
prices than with two-part tariffs or with flat fees. Thisis due to the inflated per-minute
prices.

Policy implications

Linear pricing does not reflect the two-part nature of demand, consisting of the demand
for a connection and the demand for call minutes. Linear pricing is harmful for both
operators, but consumersbenefit fromit. Overall, thegeneral pictureisthat linear prices
reduce total surplusin the market.

In the long run, when the entrant has gained size, the reciprocal terminating
access price can be used to facilitatetacit collusion. Thereasonisthat per-minute prices
increase when the access price increases, while this increase cannot be offset by more
intense competition in subscription fees. By setting the access price above cost, the
operators mutually raise therival’s cost level, and generate higher profits.

Asymmetric regulation, allowing only the entrant to set the access price above
cost, has the same qualitative effects as in the situation with two-part tariffs. In
particular, it leads to tougher price competition in the early stages of competition.
Consumers’ surplus is maximized over time if the entrant’s access price is relatively
large initially and tends towards its underlying cost level over time.
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7.4 Non-uniform prices (termination-based price discrimination)
7.4.1. Model

In this section we explore the model while allowing the operators to set different per-
minute pricesfor on-net and off-net calls. Accordingly, per-minute pricesnolonger need
to beuniform, but can be chosen differently for different services. Intheliterature, non-
uniform pricing is often called termination-based price discrimination.®

Inmany countries, the Netherlandsincluded, fixed-linesubscriberspay different
prices for calls that remain on the incumbent operator’ s network and calls to amobile
operator. Therefore the model in this section may also be used to depict entry in the
market for voice telephony by a mobile operator. Indeed, competition between a fixed
and amobile operator isalso aform of facilities-based competition, since both types of
operators have complete facilities to reach end-users.

Per-minute prices for on-net and off-net calls will be denoted by p.>* and p°",
respectively. There is no change with regard to subscription fees: as in chapter 6, the
operators set fixed feesm, and m,.

Table 7.4.1. New variables

variable description
po" operator i’ s per-minute price for on-net cals
p.o operator i’ s per-minute price for off-net calls

We assume that the need to call acertain person is an exogenous event: nature
(or chance) determines whom a consumer wants to communicate with, as a random
drawing out of the complete population of consumers. The probabilities that the called
party subscribes to the same or the other network are proportionate to the operators
market shares. Given that a consumer has chosen whom to call, we want to capture that
if po > p.™, an off-net call will be shorter than an on-net call, or equivalently, that less

* See L affont, Rey and Tirole (1998b). Price discrimination usually meansthat different units
of thesame good are sold at different prices(e.g. to different consumers or to the same consumers
at different moments). Arguably, on-net and off-net calls can be viewed as different services, just
asit may make senseto consider railway tripsto different destinationsas non-identical goods. We
will use non-uniform pricing, price discrimination, and price differentiation interchangably.
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off-net calls will be made. Since the demand function is decreasing in the per-minute
price, it follows that x(p.o") < x(p").*

Table 7.4.2. Instruments of policy and regulation

instrument | description

T, terminating access price charged by operator 1

1, terminating access price charged by operator 2

7.4.2. Terminating access prices and comparison with two-part tariffs

Before presenting simulation results, we discuss the possible implications for welfare
of non-uniform prices. Recall that in the FBC-model of chapter 6, per-minute pricesin
equilibrium were set at perceived or average marginal costs. With non-uniform pricing,
on-net and off-net prices can be set exactly at marginal cost levels of on-net and off-net
calls, respectively. Indeed, in an equilibrium per-minute prices satisfy

p*" = ¢y, and
fr_
P =Cpt T

Appendix A.7.4 provides more background to this result. Notice that for access prices
equal to marginal cost, it follows that p°" = p®", so that the outcome of the model will
be equivalent to the results under uniform pricing (see section 6.2).

Another observationisthat pricedifferentiation distorts subscribers’ individual
demand for call minutes. Although an access markup does increase an operator’s
perceived cost of off-net calls, there is no efficiency-related reason to differentiate
prices. Under uniform pricing, consumers ignore the artificial difference — due to an
access markup — between an operator’ s private costs of on-net and off-net calls. With
non-uniform pricing, consumers do not ignore such cost differences. Neither isthere a
demand-based reason for termination-based prices, since a consumer’s preference to
make a phone call does not depend on the identity of the called party’ s network.

% With this specification, aconsumer is supposed to know whether the called party is on-net
or off-net. In some situations, such as competition between a fixed and a mobile operator, this
information may be inferred from the called party’ s phone number.
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Thequestionthenis: do non-uniform pricesthereforereducewelfare? Sincethe
market already wasin asituation of imperfect competition, and therefore a second-best
outcome, thisisnot necessarily the case. Typically, the effects of adding adistortionin
a second-best world are ambiguous and therefore difficult to predict.
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Table 7.4.3. Price structure and terminating access prices/ short run

prices T | | e profits1 | profits2 | CS PS W
uniform | 1 1 5556 | 422.64 1.46 400.3 | 4241 | 824.39
uniform | 2 2 5523 | 4221 145 401 4236 | 8245
uniform | 1 2 5556 | 389.32 1.58 433.5 |390.9 |[824.39
differ. 1 1 5556 | 422.64 1.46 400.3 | 4241 | 824.39
differ. 2 2 3.05 410.2 0.41 4242 |410.6 | 834.76
differ. 1 2 5.67 388.79 152 433.6 |390.3 | 823.88
Table 7.4.4. Price structure and terminating access prices/ long run
prices T | | e profits1 | profits2 | CS PS W
uniform | 1 1 4981 | 119.37 117.54 610.1 | 2369 | 847.05
uniform | 2 2 49.81 | 119.37 117.54 610 236.9 | 846.92
uniform | 1 2 49.82 | 110.02 126.76 610.2 | 236.8 | 846.99
differ. 1 1 49.81 | 119.37 117.54 610.1 | 2369 | 847.05
differ. 2 2 49.75 | 110.22 108 628.6 | 218.2 | 846.79
differ. 1 2 5181 | 10148 127.03 618.4 | 2285 | 846.92
Table 7.4.5. Price structure and terminating access prices/ aggregate over time
prices T, |1, profits1 | profits2 | CS PS W
uniform |1 1 3602.06 | 799.54 7809.72 | 4401.06 | 12211.3
uniform | 2 2 3600.43 | 799.19 7811.03 | 4399.62 | 12210.7
uniform |1 2 3319.18 | 862.3 8029.25 | 4181.48 | 12210.7
differ. 1 1 3602.06 | 799.54 7809.72 | 4401.06 | 12211.3
differ. 2 2 3496.17 | 690.6 8086.37 | 4186.77 | 12273.1
differ. 1 2 3230.4 861.14 8100.88 | 4091.54 | 12192.4
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Consider the effects of an increase of terminating access prices. Cost-based
access prices in a situation of price differentiation is our point of departure, and we
discussthe effects of the access pricein comparison with competition in two-part tariffs.
One can make the following observations.

Short run, long run, and aggregate over time:
Both operators' profits go down when the reciprocal access price increases, similar to
thesituation with two-part tariffsinthe short run. Consumers' surplusincreases. Notice,
however, that some of the effects of areciprocal access markup are intensified under
non-uniform pricing.

Asymmetric access prices such that only the entrant charges an access price
above codst, benefit both the entrant (in terms of market share and profits) and
consumers, again similar to the situation with two-part tariffs.

Intuition

It is helpful to take a closer look at equilibrium prices, and compare them with the
outcomes under uniform two-part tariffs.

Table 7.4.6. Pricesin period 1

prices |7, T " P (e [ | m m,

uniform |1 1 2 2 8467 3133
uniform |15 |15 2.03 2.47 8432 | 2685
uniform | 1 15 2.03 2 8020 | 2713
differ. 1 1 2 2 2 2 8467 | 3133
differ. 15 |15 |2 25 |2 25 |8144 | 2522
differ. 1 15 |2 25 |2 2 8019 | 2705

Just asinthe case of uniform pricing, an accessmarkup makescompetition more
intense. The table shows that non-uniform pricing results in even tougher competition
for market share (there is more downward pressure on subscription fees).

Let'salso take alook at the composition of the operators' profits.
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Table 7.4.7. Profits operator 1 in period 1

prices T, T total on-net | off-net | incoming subscr.
uniform 1 1 42264 (O 0 0 422.64
uniform 15 |15 | 4221 184 - 184 19 420.2

uniform 1 15 | 389.32 185 - 185 0 389.32
differ. 1 1 42264 (O 0 0 422.64
differ. 15 |15 |410.2 0 0 1.08 409.12
differ. 1 15 | 388.79 0 0 0 388.79

Table 7.4.8. Profits operator 2 in period 1

prices T, T total | on-net off-net incoming subscr.
uniform 1 1 146 |0 0 0 1.46

uniform 15 |15 (145 |01 -011 195 -0.50
uniform 1 15 [158 |0 0 1.96 - 0.38
differ. 1 1 146 |O 0 0 1.46

differ. 15 |15 (041 |O 0 1.08 - 0.67
differ. 1 15 152 |0 0 195 -0.42

If per-minute prices can bedifferentiated, thenthe operators’ revenuesfromon-
net calls and off-net call s vanish, not because consumers stop making calls, but because
prices are exactly equal to cost levels. As a result, the net revenues from traffic
generated by an operator’s own customers are reduced to zero. However, an access
markup still generates positive revenues from incoming voice traffic.

Robustness

An important assumption was that we ignore network effects. However, notice that if
operator i faces a terminating access price above costs, then p® > p°, so that a
subscriber of network i derives more benefits if operator i’s customer base increases.



119

Accordingly, price differentiation creates “tariff-mediated” network externalities.*
Therefore, if consumers could coordinate their subscription decisions, they have an
incentive to join the same network. The resulting market power (because of consumer
switching costs) could then lead to a price increase by the operator with the large
customer base.

A result from the literature on network externalities is that coordination
problems may result in a multiplicity of equilibria, depending on consumers' beliefs
about other consumers' subscription decisions. Relating thisinsight to our model, one
may actually observe advertisements that advocate the benefits — due to lower on-net
prices—of subscribing with agroup of peopletogether. Such advertisements are usually
aimed at corporate market segments, where centralized decision making facilitates
coordination. However, it seems unlikely that consumers are able to coordinate on a
larger scal e than say, companies, families, and circles of friends.** Therefore, assuming
away possibilities for coordination does not seem particularly harmful.

Also from amore technical point of view, it seems safe to ignore coordination
problems in our model. We refer to Laffont, Rey and Tirole (1998b, section 3), who
arguethat by imposing a stability requirement, one can safely ignorethismultiplicity of
equilibria. As before, we restrict the analysis to shared-market equilibria (which are
stable in the sense of Laffont et al.) that can be derived from the usua first-order
conditions and the market share formula above.

We do not want to claim that tariff-mediated network externalities are not
relevant. Some mobile operators implicity use the argument of network externalitiesin
advertisements aimed at enterprises, stating that it isin the interest of an organization
that al its employees subscribe to the same operator. Indeed, since fixed-to-mobile
interconnection charges are often very high, the importance of network effect is likely
to be larger.

We have al so explored themodel in asituation where only theentrant isallowed
todifferentiate per-minute pricesof on-net and off-net calls. Accordingly, theincumbent
chooses a uniform per-minute price p,, and the entrant chooses prices p,™ and p,*".
Simulation results (not reported here) were qualitatively equivalent, and quantitatively
roughly similar, to the situation where both operators set non-uniform prices. A
guantitative difference was that for ahigher reciprocal access price, theincumbentisin
the short run worse off if it cannot differentiate prices, but inthelong runit is better off.
The entrant is better off both in the short and long run in terms of profits, but worse off

0 Network externalities exist when the utility derived from consuming a certain good
increaseswith the number of other consumersthat buy the same or acompatible good (seeTirole,
1988, for an overview of the seminal literature).

! Internet may facilitate coordination on a large scale, but as far as we know, this hasn't
happened yet.
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in terms of market share. Moreover, consumers’ surplusis slightly larger in the short
run, but substantially lower inthelong run (also if we consider an access markup for the
entrant only). These results seem to confirm our earlier conclusion that in a situation of
facilities-based entry, there does not seem to be an argument in favor of allowing only
the entrant to differentiate per-minute prices.

The ambiguouswelfare-implications of termination-based price discrimination
do not depend on the assumptions of myopic behavior and asingle entrant. Neither do
they affect the implications for access price regulation in a qualitatively way.

Policy implications
Overadl, from the viewpoint of consumers’ surplus and welfare, there does not seemto
be a strong case against or in favor of allowing non-uniform pricing. Given the
ambiguous implications for social welfare of price differentiation in general, this
confirms our expectation expressed at the beginning of thissub-section. A caveat isthat
reciprocal access prices above costs hurt the entrant much more than before. This may
beareason to forbid the operatorsto compete with terminati on-based per-minute prices.
Consumersand the entrant are better off if in the beginning, the entrant’ saccess
priceisrelatively large initially. In a mature market, that is, in the long run when the
operators are equally big, this still holds, but reciprocal and cost-based terminating
access prices are then best for total surplus.

7.4.3. Fixed-mobile competition

In its infancy years, mobile telephony was not considered to be a substitute for fixed
telephony. The average owner of a mobile phone in the early days was probably a
businessman, who was using it as a complement to the telephone in the office while on
the road. Nowadays, it is becoming more and more common to switch from a fixed
subscription to a mobile subscription. Therefore fixed and mobile telephony are
becoming closer substitutes, so that fixed and mobile operators find themselvesin a
situation of competition with each other.

In situations of competition between a fixed and a mobile operator, one may
sometimes observe that the fixed operator hasto set aterminating access price close to
the associated cost level, whereas the unregulated mobile operator is free to choose a
much higher access price. This so-called fixed-mobile access price may even be
excessively high, compared to the cost of providing terminating access to the fixed
operator.

Using the model of non-uniform pricing, we will briefly zoom into such a
situation, assuming that operator 1 is the fixed operator, and operator 2 the mobile
operator. Since a mobile operator’s network also reaches its end-users, just as a fixed
operator does with a local access network, we can use the model to make some
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observations. Because fixed and mobile networks have quite different cost structures,
which we do not take into account here, we will not go to deep in the analysis.

Parameter 1, isthe so-called “fixed-mobile interconnection tariff.” We assume
that the access price charged by the fixed operator isequal to cost, that is, 7,= 1.0. This
may be due to asymmetric regulation. We will look at more extreme increases of the
mobile operator’s access price, 1, (the fixed-mobile interconnection tariff), than in
section 7.4.2.

Table 7.4.9. Instruments of policy and regulation

instrument | description

T, mobile-to-fixed terminating access price
charged by operator 1
1, fixed-to-mobile terminating access price

charged by operator 2
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Table 7.4.10. Fixed-mobile interconnection tariff / short run*

T, 0, profits 1 profits 2 Cs PS W
1 5.556 422.64 1.46 400.29 424.1 824.39
2 5.719 356.52 154 465.53 358.07 823.59
5 4.198 190.73 0.78 637.22 19151 828.72
*r,=1
Table 7.4.11. Fixed-mobile interconnection tariff / long run*
T, |9, profitsl | profits2 | CS PS w
1 49.807 119.37 117.54 610.14 236.91 847.05
2 53.921 85.16 137.16 624.22 222.32 846.54
5 70.842 17.67 2211 601.4 238.77 840.17
*r,=1

Table 7.4.12. Fixed-mobile interconnection tariff / aggregate over time*

T, profits 1 profits 2 Cs PS W

1 3602.06 799.54 7809.72 4401.06 12211.3

2 2883.68 925.03 8362.65 3808.72 121714

5 1265.98 1384.43 9356.91 2650.41 12007.3
*r,=1

It is interesting to take a close look at the prices that emerge when a mobile
operator starts competing with afixed incumbent operator.
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1, P " P, o m, m,
1 2 2 2 2 8467 3133
2 2 3 2 2 7589 2298
5 2 6 2 2 5321 211

One can seethat alarge access markup of the mobile operator inflates the fixed
operator’ s off-net price. Also, it leads to tougher competition for market share. Notice
in particular that the mobile operator’ s subscription fee is set below the fixed cost of a
connection: mobile phone users are subsidized to take amobile subscriptionin the early
stages of competition. Thus the model provides an explanation for the real-life
observation that mobile entrants give away phones for free to new subscribers.

High fixed-moaobile interconnection fees are detrimental to the fixed operator’s
profits. Although in the short run, when the fixed operator still hasalarge market share,
the mobile operator does not benefit from an access markup, in the longer run it is
extremely profitable for the mobile operator.

Inreality it is almost always the case that the fixed incumbent operator is also
one of the suppliers of mobile telephony services. Therefore one should not conclude
from the results that the fixed operator is always harmed by high fixed-mobile
interconnection tariffs.

7.5. Summary of implicationsfor policy and regulation

In this section, we recapitul ate the conclusionsfor policy and regul ation of the previous
sections.

Flat fees
The following implications for policy and regulation are valid given a situation of
facilities-based entry.

. The overall picture is that flat fees distort welfare, since they do not reflect
consumers' elastic demand for call minutesand the associated traffic-dependent
cost. Recall that two-part tariffsreflect on the one hand consumers' demand for
connections and for call minutes, and on the other hand the cost structure of
telephony (fixed costs in combination with traffic-dependent costs).
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If the capacity of switches and points of interconnection is limited, flat fees
may generate too much traffic compared to the capacity of the network.
Accordingly there may be arisk of network congestion.

In the short run, the entrant’ s profits and consumers' surplus can be increased
by asymmetric regulation in which the incumbent’s access price is equal to
marginal cost and the entrant’s access price includes a markup. In a mature
market, that is, in the long run when the operators are equally big, reciprocal
and cost-based terminating access prices are best for both producers and
consumers (similar to situation with two-part tariffs).

Linear prices
The following implications for policy and regulation are valid given a situation of
facilities-based entry.

The overal pictureisthat linear prices are welfare-distorting, since they do not
reflect consumers' inelastic demand for a connection and the associated fixed,
traffic-independent cost of a connection. Recall that two-part tariffs reflect on
the one hand consumers' demand for connections and for call minutes, and on
the other hand the cost structure of telephony (fixed costsin combination with
traffic-dependent costs).

In a mature market, a reciprocal terminating access price may be used to
facilitate tacit collusion in the retail market. The risk of collusion can be
eliminated by imposing a cost-based access price in the long run.

In the short run, the entrant’ s profits and consumers' surplus can be increased
by asymmetric regulation in which the incumbent’s access price is equal to
marginal cost and the entrant’s access price includes a markup. In a mature
market, that is, in the long run when the operators are equally big, reciprocal
and cost-based terminating access prices are best for both producers and
consumers (similar to situation with two-part tariffs).

Non-uniform prices
The following implications for policy and regulation are valid given a situation of
facilities-based entry.

Looking at consumers’ surplus and welfare, there does not seem to be a strong
case againgt, or in favor of, non-uniform pricing. Thisis due to the ambiguous
welfare implications of price differentiation in general. A warning is that a
reciprocal access markup reducesthe entrant’ sprofits more than under uniform
pricing.

In the short run, the entrant’ s profits and consumers' surplus can be increased
by asymmetric regulation in which the incumbent’s access price is equal to
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marginal cost, and the entrant’s access price includes a markup. In a mature
market, that is, inthelong run when the operatorsare equally big, thisstill holds
but reciprocal and cost-based terminating access prices are then best for total
surplus.

The model does not suggest arguments in favor of allowing only the entrant to
differentiate per-minute prices.

Fixed-mobile competition
Thefollowing implicationsfor policy and regulation arevalid given a situation of entry
of a mobile operator with its own network.

In the short run, when the mobile operator still has avery small market share,
consumers benefit from the mobile entrant’ s access markup, but in the longer
run, consumers' surplusis reduced for large access markups. Although in the
short run, when the fixed operator still has a large market share, the mobile
operator does not benefit from an access markup, in the longer run it is
extremely profitable for the mobile operator.

A large fixed-mobile interconnection tariff inflates the fixed operator’ s off-net
per-minute price. Also, it leads to tougher competition for market share, and
may |lead to the mobile operator subsidizing new customersin the early stages
of competition. High fixed-mobile interconnection fees are detrimental to the
fixed operator’s profits.
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A.7. Appendix: Calibration and mode adaptations
A.7.2. Flat fees
Themodel is solved by setting per-minute prices equal to zero, and having the operators

choose only subscription fees. The parameters are the same asthose used in section 6.2.

Table A.7.2.1. Profits of operator i (i # j; gross of fixed costs)

profitsfrom level of profits
on-net traffic - n(¢;)*x(0) c,
off-net traffic -ng ¢ X(O0) (cy+1)
incoming traffic ne, ¢; X(0) (T - Cy)
traffic-independent ne, (m-f)

A.7.3. Linear prices

Themodel issolved by setting subscription fees equal to zero, and having the operators
choose only per-minute prices. The parametersare the same asthose used in section 6.2,
but we have to change an assumption. Trial simulations showed that given the set of
original parameters, the entrant is unable to capture market share from the incumbent.
Therefore the parameters used in chapter 6 do not generate feasible outcomes in the
model of section 7.3. The solution to this problem is to make the entrant a stronger
player, relative the weak starting position as postulated in section 5.2. To do this, we
assumeonly in section 7.3 that thefixed utility level offered by the entrant doesnot start
at zerointhefirst period, but at half thelevel of theincumbent’ sutility of a connection:

Uyt = Uup Min{ (t + 5), K} / k.

Accordingly, the entrant initially can offer arelatively larger fixed utility to consumers
than before, and is therefore in a better position to gain market share. Notice that
numerical results cannot be compared with those of chapter 6. Therefore we have
included simulation results on two-part tariffs by using the new assumption on the fixed
utility level.
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Table A.7.3.1. Profits of operator i (i # j; gross of fixed costs)

profitsfrom level of profits

on-net traffic n (@)’ x(p) (P, - Cy)
off-net traffic ne ¢; X(p) (- Co- 1)
incoming traffic ne ¢; X(p) (1 - Cy)
traffic-independent -ng f

A.7.4. Non-uniform prices

The parameters are the same asthose used in section 6.2, but we have to make additional
assumptions on calling behavior. The per-minute prices of on-net and off-net calls are
denoted by p.°" and p°", respectively.

The individual demand for cal minutes of a subscriber to network i is
determined as follows:

1 with probability ¢; he wants to call someone who subscribes to the same
network (resultinginanon-net call), and with probability 1- ¢,, hewantsto call
someone on the other network (resulting in an off-net call);

2. the actual length of the call is determined by the individual demand function
x(p), and is therefore equal to x(p°") or x(p.”"), respectively.

Notice that we do not explicitly separate the demand for on-net calls from the
demand for off-net calls. Instead, it seems realistic to postul ate that at some moment a
consumer experiences the need to call a certain person, independent of whether that
person is on the same network or not, and independent of per-minute prices. Next,
depending on the associated per-minute price, the consumer determinestheactual length
of the call. Summarizing, consumers naturally take into account price differences
between on-net and off-net calls, but the need to call somebody arises independently of
the network the called party subscribes to.

The indirect utility from subscribing to network i is equal to

Vi (™, m) + (1- @) vi (p*", m).

This is the same demand specification asin Laffont, Rey and Tirole (1998b, see their
definition of variable net surplusin equation (1), p. 42).

The realized market share of operator i isimplicitly defined as follows, where
N
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¢ =0+
[ovi(p™ m) + g vi (P, m) = (o v (0™, M) + o v (B, M) 1/ Spae
Market shares ¢, and ¢, are now derived in astraightforward way, namely from solving

the system of linear equations consisting of implicit market share defitionsfori =1, 2.
Table A.7.4.1 depicts the composition of profit functions.

Table A.7.4.1. Profits of operator i (i # j; gross of fixed costs)

profitsfrom level of profits

on-net traffic n (@) x(p™) (P - cy)
off-net traffic ne ¢ x(p™) (p™ - ¢, - 1)
incoming traffic ne ¢ X(p™) (t - Ca)
traffic-independent ne, (m-f)

One can show (see Laffont, Rey and Tirole, 1998b, proposition 5) that without
price cap regulation, per-minute prices in equilibrium are equal to marginal costs, that
is,

P = Gy,
P =Cp* T,
This result applies also to our model. Moreover, Laffont et al. show that profits in

equilibrium are bounded above by the profit levels under uniform pricing, and profits
are equal to profit levels under uniform pricing only if 1, =, = 0.
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Chapter 8. Targeted entry in a segmented market

8.1. Introduction

In this chapter, consumers are assumed to be heterogeneous. We distinguish two types
of customers, which allows usto incorporate targeted entry in the models. For example,
an entrant may wish to serve business customers only. Another entrant may wish to
target thetotal market, but build acustomer access network for business customersonly,
while serving residential customers through local loop unbundling or Carrier Select
service.

Throughout thischapter, weinterpret thetwo typesasresidential customersand
business customers. Thisisdonemainly for illustrative purposesand ease of exposition;
other interpretations of the types are also possible.

Inprinciple, themodelsallow that residential customersand businesscustomers
aredifferent with respect to individual demand and price €l asticity, consumer switching
costs, and the constant utility derived from having a network connection. However,
instead of focusing on parameter differences, wefocusontargeted entry, whichis, in our
view, a more important policy issue.

The following entry situations are investigated:*?

. section 8.2: the entrant targets the business segment only, with a customer
access network for business customers (targeted FBC);
. section 8.3: the entrant targets the business segment with a customer access

network for business customers, and targets the residential segment while
leasing the incumbent’ s local lines (combination of targeted FBC and LLU);

. section 8.4: the entrant targets the business segment with a customer access
network for business customers, and targets the residential segment through
Carrier Select (combination of targeted FBC and CSC).

Thetargeted entry situation comesmuch closer tothereal worldthanthemodels
analyzed in chapter 6. While the players in the models should not be identified as
specific companiesin the real world — but the models are too stylized to justify that —
itisinteresting to discuss some examples, with the purposeto demonstrate therelevance
of the models. First, consider targeted FBC, the topic of section 8.2. Versatel in the
Netherlands is an example of an operator with a network consisting of city rings
connecting thelargest cities and business centersin the Benelux, and acustomer access

42 FBC = facilities-based competition; LLU = local |oop unbundling-based competition; CSC
= Carrier Select-based competition. See also section 6.1.
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network that connects customers along its Benelux network. Moreover, Versatel’'s
network will not be confined to the* Randstad” only;* theintentionisto connect several
medium-sized cities ranging from Alkmaar and Groningen in the North of the country,
to Heerlen in the very South. MCI Worldcom follows a similar strategy in the
Netherlands.

An example of an operator targeting both the business and residential market is
Telfort in the Netherlands. Residential customers can connect to its backbone by using
a Carrier Select service, while large business can directly connect to the network. This
typeof entry issimilar to the combination of targeted FBC and CSC, thetopic of section
8.4.% In the near future, an operator such as Telfort may consider to lease local loops
from KPN Telecom, instead of offering Carrier Select services, in order to reach
residential customers. That would lead to a situation of targeted FBC and LLU, which
isthe topic of section 8.3.

Many of the outcomes in this chapter closely resemble the results of chapter 6.
Indeed, the analysis based on models with heterogeneous customers can be seen as
robustness checks of the models with homogeneous customers.

Table 8.1.1 summarizes the differences between the models analyzed in this
chapter.

4 The Randstad consists of thefour major citiesin the Netherlands (Amsterdam, Utrecht, The
Hague, and Utrecht).

4 See http://www.versatel .nl/network.htm (consulted October 2000).
* See http://www.telfort.nl (consulted October 2000).
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targeted FBC targeted FBC targeted FBC
and LLU and CSC
(section 8.2) (section 8.3) (section 8.4)
entrant’s network | - backbone - backbone - backbone
consist of: - customer access | - customer access | - customer access
network for network for network for
business segment | business segment | business segment
entrant’s way of - entrant doesnot | - direct access - indirect access
accessto serve residential (consumers can (consumers cannot
residential end- users subscribe) subscribe)
users: - terminating - terminating
access (off-net access (all calls)
calls) - originating

access (Carrier
Select)

entrant’s way of - direct access - direct access - direct access
access to business | (consumers can (consumers can (consumers can
end-users: subscribe) subscribe) subscribe)
- terminating - terminating - terminating
access (off-net access (off-net access (off-net
calls) calls) calls)
relevant - terminating - terminating - incumbent’s
wholesale prices. | access prices access prices terminating and
- line rental originating access

prices

8.2 Targeted facilities-based entry

8.2.1. Model

Compared to the benchmark model, there are now two market segments. Type-specific
variables will be denoted by adding superscripts “res’ and “bus’ to parameters and
variables, denotingrespectively “residential” and“business’ customers. Weassumethat
the business segment is relatively small compared to the residential segment (see
appendix A.8.2).
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The entrant competes with the incumbent only in the business segment.
Accordingly, in the residential segment we have by definition that

¢, *=100% in al periods.

Market shares in the business segment, ¢, and ¢,”5, are well defined, in the same
manner as they were defined in the model with homogeneous consumers. Total market
shares ¢, and ¢,, that is, the operators’ market sharesin the total market, are weighted
averages of market sharesin the two segments, weighted by the size of the segments.

As before, calling patterns are assumed to be isotropic (see also chapter 4). In
the model swith homogeneous consumers, thismeant that the volumes of on-net and off-
net traffic are proportionate to market shares. With heterogeneous customers, the
assumption not only appliesto market shares, but also to relative sizes of thetwo market
segments. Simply stated, a customer of any type has an equal statistical probability of
calling ancther customer of any type and subscribing to any operator. Notice that the
incumbent only has to pay a terminating access price to the incumbent if one of its
customers calls a business customer of the entrant, as the latter operator does not have
any residential customers..

Throughout the body of the chapter, we assume that the incumbent is not
allowedto pricediscriminate. Theentrant isallowed to pricediscriminate (thisbecomes
only relevant in sections 8.3 and 8.4, where the entrant targets more than one segment).
Accordingly, the incumbent chooses prices p, and m,, and the entrant sets p,’, p,”,
m,*, and m,™. This assumption reflects a situation of asymmetric regulation, in which
only theincumbent, as an operator with adominant position, issubject to certain rules.*®

Thefollowing table summarizesthe policy instrumentsthat wewill befocusing
on.

6 For the sake of exposition, we ignore the possibility that asymmetric regulation islifted as
soon asthetwo operatorsareroughly equal players, or that the entrant becomes subject to similar
type of regulation if its market share gets sufficiently large..
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Table 8.2.1. Instruments of policy and regulation

instrument | description

P, fixed per-minute price operator 1

m, fixed subscription fee operator 1

T terminating access price charged by operator 1
T, terminating access price charged by operator 2

8.2.2. Retail priceregulation

In this section we address the situation in which the entrant targets only the business
segment, and leaves the residential segment to the incumbent operator. We start by
discussing the casein whichtheincumbent’ sretail pricesarenot regulated, only to show
that regulation is needed if the monopoly segment of the market is sufficiently large or
attractivefor theincumbent. Next, welook in detail at the case of retail priceregulation.
Throughout, the incumbent is not allowed to set different prices for the two segments.

Retail priceregulation is necessary
To start with, we take a closer look at the incumbent’s behavior in the monopoly
segment of the market. Suppose that the incumbent is free to set its prices. Without a
maximum on its subscription fee, the incumbent operator hasastrong incentiveto raise
it up tothemonopoly level, although the resulting loss of profitsin the business segment
acts, to some extent, as a counteracting force. However, if the business segment is too
small, its counteracting power isinsufficient. In that case the incumbent “ gives away”
the business segment to the entrant, who quickly gains a market share of 100%.
Simulationsshowed that theentrant’ smarket sharein the businessmarket grows
very fast. See the table below for an example of simulation results under standard
parameter values. The incumbent sets the subscription fee at the maximum level that is
possible (e.g. the monopoly level of the residential market, or the level imposed by a
pricecap), effectively milking theresidential segment and |eaving the corporate segment
to the entrant.
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Table 8.2.2. Market share of the entrant in business market (example)

period s
0 (before entry) 0%

1 59%
2 91%
from 3 onwards 100%

Because the incumbent’ s subscription fee isrelatively high, the entrant hardly
faces any price pressurein the corporate market. This phenomenon is sometimes called
“cherry picking.” It does not occur if the incumbent is allowed to price discriminate
between residential and business customers. Indeed, price discrimination allows the
incumbent to decrease its subscription fee for corporate customers, m,"*, to a more
competitive level. The situation in the business segment then resembles competitionin
amarket with homogeneous customers. The incumbent charges monopoly pricesin the
residential market.

The occurrence of cherry-picking depends on the size or attractiveness of the
monopolized market segment. If the entrant targets the much larger residential market
instead of the business market, then simulations confirm that the incumbent does not
monopolize the corporate market while leaving the residential segment to the entrant.
Hence, if the incumbent operator faces no entry in a sufficiently large (i.e., attractive)
segment of the market, regulation of itsretail pricesis necessary.

Policy implications
If theincumbent faces no competition in asufficiently large or attractive segment of the
market, then regulation of the incumbent’s retail pricesis necessary.

Without price regulation, the incumbent will monopolize the market where no
entry occurs and leave the other segment to the entrant. Since the incumbent cannot
price discriminate between residential and business customers, the entrant hardly faces
any price pressure and can raise its subscription fee (“cherry picking”). It may then be
desirabletoregulatetheentrant’ sretail prices. Notethat if thereismorethan oneentrant
in the business market, then competition may reduce prices and to prevent cherry
picking.

Allowing theincumbent to pricediscriminate preventscherry-picking, but does
not take away the need to regulate the incumbent’ s prices in the captive segment, that
is, the segment where no entry occurs.
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Asymmetric retail priceregulation

Because of the observations above, we will now move to another set-up of the game, in
which the incumbent is subject to retail price regulation. In particular, we assume that
theincumbent’ s per-minute price and subscription fee arefixed by theregulator. For the
interpretation of the outcomes of the model, however, this does not matter, aslong aswe
keep in mind that in some cases, a price cap is equivalent, while in other cases, in may
be necessary to check that the incumbent’ s prices are not too low.

Expectedly, if the incumbent’s prices are too low, entry will be difficult, or
perhaps even impossible. We will indeed see that in the beginning, entry is facilitated
by preventing the incumbent from exerting strong price pressure that would keep the
entrant out of the market.

The following three tables depict the total market. Next, the outcomes for the
separate markets are given.
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Table 8.2.3. Effects of price regulation of incumbent, total market / short run*

P, m, 0, profits1 | profits2 | CS PS W

2 7900 | 0.183 402.01 0.01 44431 | 402.02 | 846.33
2 8000 | 0.366 409.14 0.03 436.43 | 409.17 | 8456
2 8500 | 1.281 444.36 0.35 397.11 | 444.72 | 841.82
25 | 8000 |1.221 441.56 0.32 399.69 | 441.88 | 841.56
2 ** 1.281 444.36 0.35 397.11 | 444.72 | 841.82

*r=1,=1

** Periods 1-5: m,=8500, and periods 6-15: m,=7500.

Table 8.2.4. Effects of price regulation of incumbent, total market / long run*

P, m, 0, profitsl | profits2 | CS PS w

2 7900 | 18.283 | 329.11 72.13 445.8 401.24 | 847.04
2 8000 | 18.649 | 334.06 75.05 437.93 |409.11 | 847.04
2 8500 | 20.479 | 357.95 90.5 398.6 448.44 | 847.04
25 | 8000 |20.358 | 356.01 89.44 401.19 | 445.44 | 846.63
2 *x 16.823 | 308.72 61.07 47725 | 369.79 | 847.04

*r=1,=1

** Periods 1-5: m,=8500, and periods 6-15: m,=7500.

Table 8.2.5. Effects of price regulation of incumbent, total market / aggregate over

time*
P, m, profits1 | profits2 | CS PS W
2 7900 5466.32 | 412.63 | 6700.7 | 5879 12579.7
2 8000 555247 | 435.37 | 6583.7 |5987.8 [ 12571.6
2 8500 5971.05 |560.58 |5999.2 |6531.6 | 12530.8
25 | 8000 5937.23 | 551.75 | 6037.6 | 6489 12526.6
2 *x 5424.1 359.74 6774.2 | 5783.8 | 12558

*r=1,=1

** Periods 1-5: m;=8500, and periods 6-15: m,=7500.
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Table 8.2.6. Effects of price regulation of incumbent, res. market / short run*

P, m, 0, profits1l | profits2 | CS PS W

2 7900 | - 314.31 - 346.75 | 314.31 | 661.06
2 8000 | - 320.48 - 340.59 | 320.48 | 661.06
2 8500 | - 351.29 - 309.77 | 351.29 | 661.06
25 18000 |- 348.86 - 311.8 348.86 | 660.66
2 *x - 351.29 - 309.77 | 351.29 | 661.06

*r,=1,=1

** Periods 1-5: m;=8500, and periods 6-15: m,=7500.

Table 8.2.7. Effects of price regulation of incumbent, res. market / long run*

P, m, 0, profits1 | profits2 | CS PS W

2 7900 | - 314.31 - 346.75 | 314.31 | 661.06
2 8000 | - 320.48 - 340.59 | 320.48 | 661.06
2 8500 | - 351.29 - 309.77 | 351.29 | 661.06
25 18000 |- 348.86 - 311.8 348.86 | 660.66
2 *x - 289.66 - 3714 289.66 | 661.06

*r,=1,=1

** Periods 1-5: m;=8500, and periods 6-15: m,=7500.

Table 8.2.8. Effects of priceregulation of incumbent, res. market / aggregate over time*

P, m, profits1 | profits2 | CS PS W

2 7900 47147 - 5201.3 | 47147 | 9915.94
2 8000 4807.14 | - 5108.8 | 4807.1 | 9915.94
2 8500 5269.37 | - 4646.6 | 52694 [ 9915.94
2.5 | 8000 523287 |- 4677 5232.9 | 9909.86
2 *x 4653.07 | - 52629 | 46531 | 9915.94

*r=1,=1

** Periods 1-5: m;=8500, and periods 6-15: m,=7500.
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Table 8.2.9. Effects of price regulation of incumbent, business market / short run*

P, m, 0, profits1 | profits2 | CS PS W

2 7900 | 0.833 87.7 0.01 97.56 87.7 185.27
2 8000 | 1.667 88.67 0.03 95.84 88.69 184.54
2 8500 | 5.833 93.07 0.35 87.33 93.43 180.76
25 |8000 |5.559 92.7 0.32 87.89 93.02 180.91
2 ** 5.833 93.07 0.35 87.33 93.43 180.76

*r=1,=1

** Periods 1-5: m,=8500, and periods 6-15: m,=7500.

Table 8.2.10. Effects of price regulation of incumbent, business market / long run*

P, m, 0, profitsl | profits2 | CS PS w

2 7900 |83.264 | 14.8 72.13 99.05 86.93 185.98
2 8000 |84.931 |13.89 75.05 97.34 88.63 185.98
2 8500 | 93.264 | 6.66 90.5 88.83 97.15 185.98
25 |[8000 |92.716 |7.15 89.44 89.39 96.59 185.97
2 o 76.614 | 19.06 61.07 105.85 | 80.13 185.98

*r=1,=1

** Periods 1-5: m,=8500, and periods 6-15: m,=7500.

Table 8.2.11. Effects of priceregulation of incumbent, business market / aggregate over

time*
P, m, profits1 | profits2 | CS PS W
2 7900 751.63 412.63 14995 | 1164.3 | 2663.73
2 8000 745.33 435.37 14749 | 1180.7 | 2655.61
2 8500 701.68 560.58 | 1352.6 | 1262.3 | 2614.85
25 | 8000 704.36 551.75 1360.6 | 1256.1 | 2616.72
2 *x 771.03 359.74 1511.3 | 1130.8 | 2642.05

*r=1,=1

** Periods 1-5: m;=8500, and periods 6-15: m,=7500.
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One can make the following observations related to regulation of the
incumbent’ s prices.

Short run, long run, and aggregate over time:
Unsurprisingly, the higher the incumbent’s prices are, the higher are its profitsin the
residential segment and the lower isresidential consumers’ surplus. The same picture
emerges in the business segment, where the entrant benefits also from reduced pressure
on prices. Consumers’ surplus of business customersis reduced.

Noticethat if theincumbent’s prices are set too |ow, the entrant cannot capture
any market share, whileitsprofitsare strongly reduced. Thiseffect isparticularly strong
in the short run.

Intuition

Regulation of theincumbent’ s pricesisnecessary because of theincumbent’ smonopoly
position in the residential market, which is a large and attractive segment. However,
allowingtheincumbent to charge high pricesdirectly softensthe entrant’ sbest-response
pricestrategy in the business segment. Therefore, both operatorsbenefit to the detriment
of consumers. Also, forcing theincumbent to set low prices makes entry in the business
segment more difficult, if not impossible.

Accordingly, lenient regul ation may be neededin early periods, but inthelonger
run, it isoptimal to impose atighter price cap (assuming that there is no further entry).
This can be seen in the last row of the tables, where the regulator sets prices according
to adynamic rule:

. in early periods, the incumbent’s subscription fee is alowed to be relatively
high (in the exampleitisset at m, = 8500 in periods 1-5);

. in later periods, it isreduced (inthe exampleit isset at m; = 7500 in periods 6-
15).

Thistype of retail price regulation, which is“indulgent” in the early periods of
competition, does the best job from the point of view of maximization of consumers
surplus. In the early phase of competition, entry is made more attractive, and in the
longer run, the focus is on consumers' benefits.

Robustness

Recall that theincumbent hasastrong incentiveto milk the attractive residential market,
and leave the corporate market to the entrant. Therefore, it is relatively easy for the
entrant to quickly gain alarge market share. Therefore, if the operators maximize the
sumof profitsover time, an optimal entry strategy probably resemblesthe strategy based
on myopic optimization. If the entrant setsits prices more aggressively in the short run
(just asin the robustness discussion of section 6.2.2), it seems unlikely that this would
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discipline the incumbent to the extent that retail price regulation can be withdrawn,
given the attractiveness of the captive segment.

The same argument applies if there is not a single entrant but several ones,
leading to lower pricesin the business segment. Also, if there are several entrantsin the
business market, it may not be necessary to reduce the incumbent’ sretail pricesin the
longer run (although regulation may remain necessary). Evidently, adynamic price cap
rule that gradually becomes more tight, cannot hurt if more intense competition
disciplines the incumbent. Beforehand though, it istypically unclear if the competitive
pressure from entrants will be sufficiently intense. Therefore, announcing a dynamic
price cap rule when the market is opened for competitors, is also recommended if there
are several entrantsin the business segment.

Finally, consider the growth in internet traffic (see also the robustness
discussionin section 6.2.2). Sincealarge part of thisgrowthisrealized intheresidential
sector, the attractiveness of the incumbent’s captive segment sharply increases.
Relatively, this may further weaken the disciplinary force of competition in the smaller
market segment, which is in support of the arguments for the policy implications on
regulation of the incumbent’ s retail prices.

Policy implications

In order to make entry not too difficult, the incumbent’ s prices should not be too low,
especially in the short run. However, when the entrant has captured substantial market
share in the business segment, lenient regulation of the incumbent’s pricesis harmful
for consumers and no longer necessary. To do so, under the assumption that the market
structure does not change, the incumbent’ s prices can be reduced gradually over time,
for instance by means of atighter price cap. In achanging market structure, especially
if thereis more entry, this may not be needed.

8.2.3. Terminating access prices

We will now look at the effects of changes in terminating access prices. A difference
with the model of chapter 6 is that now the incumbent’ s retail prices are regulated, so
that it cannot adapt its prices in reaction to changes in access prices. Therefore some
results may change, compared to the model with homogeneous consumers. Wewill see,
however, that the main policy implications remain the same.
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T, T 0, profits1l | profits2 | CS PS W

1 1 0.366 409.14 0.03 436.43 | 409.17 | 845.6
15 |15 0.378 409.09 0.03 436.43 | 409.12 | 845.55
1 15 1212 405.22 0.32 436.57 | 40554 | 84211

* p, = 2.0 and m, = 8000.

Table 8.2.13. Effects of price regulation of incumbent, total market / long run*

T, T, 0, profits1 | profits2 | CS PS W

1 1 18.649 | 334.06 75.05 437.93 |409.11 | 847.04
15 |15 18.658 | 333.9 75.15 437.93 | 409.05 | 846.98
1 15 19.724 | 323.73 85.4 437.92 |409.13 | 847.04

* p, = 2.0 and m, = 8000.

Table 8.2.14. Effects of price regulation of incumbent, total market / aggregate over

time*
T, T, profits1 | profits2 | CS PS W
1 1 555247 | 435.37 6583.7 |5987.8 | 12571.6
15 |15 5550.4 436.39 6583.8 | 5986.8 | 12570.5
1 15 5420.43 | 529.2 6588.2 | 59496 | 12537.8

* p, = 2.0 and m, = 8000.
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Table 8.2.15. Effects of price regulation of incumbent, res. market / short run*

T, T 0, profits1l | profits2 | CS PS W

1 1 - 320.48 - 340.59 | 320.48 | 661.06
15 |15 - 320.47 - 340.59 | 320.47 | 661.06
1 15 - 320.12 - 340.59 | 320.12 | 660.71

* p, = 2.0 and m, = 8000.

Table 8.2.16. Effects of price regulation of incumbent, res. market / long run*

T, T, 0, profits1 | profits2 | CS PS W

1 1 - 320.48 - 340.59 | 320.48 | 661.06
15 |15 - 320.35 - 340.59 | 320.35 | 660.94
1 15 - 314.72 - 340.59 | 314.72 | 655.31

* p, = 2.0 and m, = 8000.

Table 8.2.17. Effects of price regulation of incumbent, res. market / aggregate over

time*
T, T, profits1 | profits2 | CS PS W
1 1 4807.14 | - 5108.8 | 4807.1 | 9915.94
15 |15 4806.1 - 5108.8 | 4806.1 | 9914.91
1 15 4758.39 | - 5108.8 | 47584 | 9867.19

* p, = 2.0 and m, = 8000.




145

Table 8.2.18. Effects of price regulation of incumbent, business market / short run*

T, T 0, profits1l | profits2 | CS PS W

1 1 1.667 88.67 0.03 95.84 88.69 184.54
15 |15 1.721 88.62 0.03 95.84 88.65 184.49
1 15 5.518 85.1 0.32 95.99 85.42 181.41

* p, = 2.0 and m, = 8000.

Table 8.2.19. Effects of price regulation of incumbent, business market / long run*

T, T, 0, profits1 | profits2 | CS PS W

1 1 84.931 13.89 75.05 97.34 88.63 185.98
15 |15 84.973 13.55 75.15 97.34 88.7 186.04
1 15 89.826 |9.01 85.4 97.33 94.41 191.74

* p, = 2.0 and m, = 8000.

Table8.2.20. Effects of priceregulation of incumbent, businessmarket / aggregate over

time*
T, T, profits1 | profits2 | CS PS W
1 1 745.33 435.37 14749 | 1180.7 | 2655.61
15 |15 744.29 436.39 1475 1180.7 | 2655.64
1 15 662.04 529.2 14794 | 11912 | 2670.61

* p, = 2.0 and m, = 8000.
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The effects of areciprocal access markup are very small, as also observed in
chapter 6. Consider therefore an asymmetricincreaseinthe entrant’ sterminating access
price.

Short run

The most important effect in the business market is a strong increase in the entrant’s
market share and profits, while the incumbent’s profits are dightly reduced. Other
effects are rather small. Business consumers’ surplus slightly increases, and welfarein
the business segment dlightly decreases. Producers’ surplus is reduced. The effectsin
the residential market are negligible.

Long run

In the long run, the entrant still benefits in terms of market share and profits. The
incumbent’ s profits, though, are reduced much more than in the short run. Business
consumers' surplusremainsroughly constant, whilewelfareincreases. Intheresidential
segment, the incumbent’ s profits are reduced, consumers’ surplusis not affected, and
welfareisreduced. Total consumers' surplus and welfare remain roughly constant.

Aggregate over time

Businessconsumers' surplusandwelfareincrease. Residential consumers’ surplusisnot
affected, and welfare decreases. Total consumers' surplus increases, but total welfare
decreases.

Intuition

The existence of aregulated monopoly segment, connected to the competitive business
segment through traffic with another segment, somewhat distorts previousintuitions. In
particular, the incumbent’s residential profitsin the long run are reduced because of
decreased access revenues from incoming calls. Also, now the incumbent cannot react
with its prices to an increase in traffic-dependent costs if it faces a larger access price
charged by the entrant.

Robustness

Because of theincumbent’ s captive segment, entry in the business segment isrelatively
easy. Presumably therefore, a dynamic entry strategy resembles per-period profit
maximization (see the discussion on robustness earlier in this section). Nevertheless,
suppose that the entrant setsits prices more aggressively in the short run (just asin the
robustness discussion of section 6.2.2). In the short run, corporate customers benefit
from lower prices, while the entrant gains market share in the business segment at an
even faster rate. Although competition for business customers may become somewhat
more intense, the large captive segment is still there, which makes the incumbent a soft
competitor in the business segment. Hence, the long-run implications of the model do



147

not seem to change in a substantial way. Overall, the importance of access price
regulation is perhaps less prominent in the short run (especialy since consumers
surplus is hardly affected by access markups). However, the arguments in favor of
access prices equal to costsin the long run are not affected. Some fine-tuning may be
needed, though. Since the entrant’ s market share grows faster, the regulator can switch
to reciprocal, cost-based access prices at an earlier moment.

A similar argument applies if there is not a single entrant but several ones,
leading to lower pricesin the business segment. Thefact that thisleadsto lower market
shares and profits per entrant, which marginalizes their position, suggeststhat it is still
important to alow only entrantsto chargean access markup. Thisisespecially truesince
in early periods, the bulk of incoming traffic on their networks originates from the
incumbent’ s network, and the bulk of traffic originating ontheir networksterminateson
the incumbent’ s network.

Policy implications

Allowing the entrant to set arelatively high access price in the beginning, and setting
theincumbent’ saccess price equal to cost, strongly increasesthe entrant’ s market share
and profits. Since the effects on residential and business consumers surplus seem
negligible, it makes sense to adopt total welfare (aggregate over time) as the relevant
policy criterion. Welfare is maximized by setting symmetric access prices equal to cost,
bothinthelong and short run. Hence, asymmetric access priceregul ation (allowing only
the entrant an access markup, and only in the short run), only iscalled for if the purpose
isto stimulate entry.

8.3. Combined facilities-based and L L U-based entry
8.3.1. Model

Themodel isadapted to capturethat the entrant targets both market segments, but serves
customersin the two segmentsin different ways:

. it builds a customer access network for corporate customers;
. it serves residential customers through local loop unbundling.

Furthermore, only the entrant is allowed to price discriminate between
residential and corporate customers. Accordingly, the incumbent chooses prices p, and
m,, and the entrant sets p,", p,™, m,, and m,”s, (Type-specific variables are denoted
by adding superscripts “res’ and “bus’ to parameters and variables, denoting
respectively “residential” and “business’ customers.)
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The entrant may have good reasons for building local loops for one segment
only. For instance, in general the cost of building alocal access network for residential
customers is much higher than building one for business customers (due to economies
of scope in the cost of building the network).

A magjor difference with the model of section 8.2 is that the operators now
compete in both market segments. Thus, both ¢, and ¢, can take any val ue between
0 and 100%. Market shares in each segment are defined similarly to the model with
homogeneous consumers. Total market shares ¢, and o,, that is, the operators’ market
sharesin the total market, are weighted averages of market sharesin the two segments,
weighted by the size of the segments.

Calling patternsare assumed to beisotropic (seeal so chapter 4). Thismeansthat
acustomer of any type has an equal probability of calling another customer of any type
and subscribing to any operator.

Thefollowing table summarizes the policy instrument that we will be focusing
on. The role of terminating access pricesis similar to the previous section, so that we
can restrict our attention to the level of the line rental.

Table 8.3.1. Instruments of policy and regulation

instrument | description

L lease price of local line (line rental)

8.3.2. Lease price of thelocal loop

Since the entrant targets both segments, there does not seem to be a risk of cherry-
picking. Closer inspection of the pricesin equilibrium outcomeswill confirmthat it does
indeed not occur. We start with the case in which the incumbent’s prices are not
regul ated.

We will first explore the role of the lease price of the incumbent’s local line.
Given theinsights devel oped in Chapter 6, we expect that an increase of the lease price
will push up the entrant’s subscription fee for residential customers m,*, but not
necessarily its subscription fee for corporate customers m,°, Also, since its larger
traffic-independent cost makes the entrant |ess competitive, the incumbent will be able
to raise its subscription fee. There will probably be no effect on per-minute prices,
becauselocal loop unbundling has, in principle, no impact on traffic-dependent costsin
the model.

Theoutcomesfor thetotal market, aswell asfor the two segments, are depicted
below.



Table 8.3.2. Lease price of local linein total market / short run*
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L 0, profits1 | profits2 | CS PS W
1600 5.556 422.64 1.46 400.29 424.1 824.39
2000 5.556 447.11 1.55 375.69 448.66 824.35
2400 5.556 471.22 1.82 351.17 473.04 824.21
*r,=1,=1
Table 8.3.3. Lease price of local linein total market / long run*
L 0, profits1 | profits2 | CS PS W
1600 49.807 119.37 117.54 610.14 236.91 847.05
2000 49.807 143.66 117.9 585.49 261.57 847.05
2400 49.807 167.23 118.99 560.84 286.22 847.05
T, =T, =

Table 8.3.4. Lease price of local line in total market / aggregate over time*

L profits1 | profits2 | CS PS W

1600 3602.06 | 799.54 7809.72 | 4401.6 12211.3
2000 3966.79 | 804.35 7440.12 | 4771.14 | 122113
2400 432141 | 818.79 7070.88 | 5140.2 12211.1
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Table 8.3.5. Lease price of local linein residential market / short run*

L 0, profits1 | profits2 | CS PS W
1600 5.556 329.84 114 3124 330.98 643.37
2000 4.824 351.89 0.86 293.02 352.75 645.77
2400 4.092 373.87 0.62 273.66 374.49 648.15
T, =T, =
Table 8.3.6. Lease price of local linein residential market / long run*
L 0, profits1 | profits2 | CS PS W
1600 49.807 93.16 91.73 476.17 184.89 661.06
2000 48.343 117.73 86.42 456.91 204.15 661.06
2400 46.88 142.15 81.27 437.65 22341 661.06
*r =T, =

Table 8.3.7. Lease price of local linein residential market / aggregate over time*

L profits1 | profits2 | CS PS W

1600 2811.13 | 623.98 6094.88 | 3435.11 | 9529.99
2000 31749 576.88 5803.64 | 3751.78 | 9555.42
2400 3536.45 | 531.89 5512.48 | 4068.34 | 9580.82




Table 8.3.8. Lease price of local line in business market / short run*
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L 0, profits1 | profits2 | CS PS W
1600 5.556 92.8 0.32 87.9 93.12 181.02
2000 8.157 95.22 0.69 82.67 95.91 178.58
2400 10.758 97.35 12 77.51 98.55 176.07
*r,=1,=1
Table 8.3.9. Lease price of local line in business market / long run*
L 0, profits1 | profits2 | CS PS W
1600 49.807 26.21 2581 133.97 52.02 185.99
2000 55.01 25.93 31.48 128.58 57.41 185.99
2400 60.212 25.09 37.72 123.19 62.81 185.99
T, =T, =

Table 8.3.10. Lease price of local line in business market / aggregate over time*

L profits1 | profits2 | CS PS W

1600 790.93 175.56 1714.83 | 966.49 2681.32
2000 791.89 227.47 1636.48 | 1019.36 | 2655.84
2400 784.96 286.89 1558.4 1071.86 | 2630.25
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Consider an increase in the lease price of the local loop L.

Short run

The entrant’s market share in the residential market is reduced, but it increases in the
businessmarket. Itstotal market share doesnot change. Theincumbent’ sprofitsincrease
in both segments. The entrant’ s profits decreasein the residential segment, but increase
in the business segment. Consumers’ surplus decreases in both segments. Producers
surplus goes up in both segments. Residential welfare increases, but business welfare
decreases. Total welfare decreases dightly.

Long run

The changes in market shares are similar to those in the short run. The incumbent’s
profits still increase in the residential segment, but now decrease in the business
segment. For the entrant it is the other way around. Consumers' surplus decreases in
both segments. Producers' surplus goes up in both segments. Welfare remains constant
in both segments.

Aggregate over time

Theincumbent’ s profitsin the business segment go up slightly for amoderate increase
in the line rental, but decrease for larger markups. Its total profits increase over the
wholerange, though. Welfarein the residential market increases, whereas it decreases
in the business market.Total welfare is is dightly reduced for a sufficiently large
increase in the line rental .

Intuition
The entrant’s profits decrease in the residential market, where it faces a higher
connection-dependent fixed cost, due to the higher line rental. However, the entrant
benefits in the business market, where it builds its own local access network and can
benefit from higher prices. Thereasonisthat it experiencesless price pressure fromthe
incumbent. Notice also the shift in the entrant’ s market shares: an increase in the line
rental leads to alarger business market share, and a smaller residential market share.
Thefollowingtableillustrateshow inthe short run, anincreaseinthelinerental
softens price competition in subscription fees, without influencing per-minute pricing.
The reason is that the entrant faces a higher fixed cost in the residential market, which
inflatesitssubscriptionfeefor residential customers. Theincumbent reactsby increasing
its uniform subscription fee, triggering the entrant to raise the fixed fee for business
customersaswell. Noticethat theentrant optsfor pricediscrimination with regardto the
subscription fee, as soon as it faces amarkup in the line rental. The intuition isthat it
perceivesdifferent fixed costsin thetwo market segments. In particul ar, each of itsfixed
fees increase when leasing the local loop becomes more expensive, but the fee for
residential customers m,” increases most.



Table 8.3.11. Pricesin period 1
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L Py P P m, m,* m;*
1600 2 2 2 8467 3133 3133
2000 2 2 2 8779 3489 3289
2400 2 2 2 9091 3846 3446

Inthelongrun, depicted inthefollowingtable, the entrant still differentiatesits
subscription fees, although it does not show up in the table due to rounding off. Most
importantly, anincreasein theline rental increases the entrant’ s connection-dependent
(or fixed) cost level and raises the entrant’ s subscription fee for residential customers.
Accordingly theincumbent can raise its subscription fee aswell, which in turn triggers
a soft response by the entrant in the business market (see also the earlier explanation).

Table 8.3.12. Pricesin period 15

L o} pzres p2bus m, rnzr&s mzbus

1600 2 2 2 5812 5788 5788

2000 2 2 2 6124 6101 6101

2400 2 2 2 6436 6413 6413
Robustness

First of al, consider the assumption that only the entrant can differentiate its prices.
Dropping this assumption and assuming that the incumbent can also differentiate its
prices, anincreasein the linerental no longer softens price competition in the business
market. Just asin section 6.3, however, residential consumers face higher subscription
feesif the line rental increases. Therefore, the lease price should be equal to the fixed
cost of alocal connection.

Do the policy implications changeif the operators maximized total profits over
time, or if there are several entrants? Concerning the first assumption, there are no
indications that the results are not robust. In particular, the general arguments in the
robustness discussionsin chapter 6 still apply; anew element isthat depending on the
level of the lease price, the entrant may shift its relative priorities between the two
segments. For example, a higher line rental leads to a stronger growth of its business
market share, and a slower growth of its residential market share, due to the changein
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relative attractiveness of the segments. The presence of heterogeneous customers does
not seemto affect theintuitionsdevelopedin chapter 6. Therefore, the short-termwei ght
in the entrant’s strategy on gaining market share does not seem to reverse policy
implications.

Now consider the second assumption, and suppose that there is more than one
entrant. Perhaps some of the entrantstarget only the residential segment, some only the
business segment, and others target both segments. Clearly, the relative intensities of
competition in the segments may be different, depending on the variety of entry
strategies. Also, a markup in the lease price of the local loop directly harms (just as
before) residential customers, and softens price competition in the business segment.
Again, the arguments that support a cost-based |ease price still apply.

Policy implications

The policy recommendation with regard to the lease price of thelocal line, deliveredin
Section 6.3.2, does not change: consumers surplus of both types of customers is
maximized if thelinerental isequal to the underlying cost. The motivation is now even
more compelling, though. The additional motivation is that the lease price of the local
line, in combination with the fact that the incumbent cannot price discriminate, acts as
an instrument of tacit collusion, since it softens competition in the business segment.
Because of the risk of collusion through ajoint agreement on alease price markup, it
makes sense to either closely monitor the operators' negotiations on the lease price, or
to regulate it.

8.4. Combined facilities-based and Carrie Select-based entry
8.4.1. Model

Themodel isadapted to capturethat the entrant targetsboth market segments, but serves
customersin the two segmentsin different ways:

. it builds a customer access network for corporate customers;
. it servesresidential customers through Carrier Select.

Furthermore, only the entrant is allowed to price discriminate between
residential and corporate customers. Accordingly, the incumbent chooses prices p, and
m,, and the entrant sets p,, p,>s, and m,”s, In the residential market, consumers using
the entrant’s Carrier Select service pay subscription fee m, to the incumbent. (Type-
specific variables are denoted by adding superscripts“res’ and “bus’ to parametersand
variables, denoting respectively “residential” and “business’ customers.)
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Similar to section 8.3 but different to section 8.2, both ¢,"™ and ¢,”* can take any
value between 0 and 100%. Market shares in each segment are defined similarly to the
model with homogeneous consumers. Total market shares ¢, and o,, that is, the
operators’ market sharesin the total market, are weighted averages of market sharesin
the two segments, weighted by the size of the segments.

Calling patternsare assumed to beisotropic (seeal so chapter 4). Thismeansthat
acustomer of any type has an equal probability of calling another customer of any type
and subscribing to any operator.

To keep the model simple, we have not included the possibility of capacity
shortages of the Carrier Select service, which was analyzed in section 6.4.2. In other
words, we have set parameter o. = 0 (see appendix A.6.4 for more on «).

We will consider a price cap only on the incumbent’ s subscription fee, denoted
by «:

m < k.

Table 8.4.1. Instruments of policy and regulation

instrument | description

K price cap on my

T, terminating access price charged by operator 1
T, terminating access price charged by operator 2
&, originating access price charged by operator 1

8.4.2. Asymmetric retail priceregulation

Unregulated retail prices
Without a price cap on its subscription fee, or with “soft” price cap regulation, the
incumbent operator has a strong incentiveto raiseit up to the monopoly level, although
the resulting loss of profits in the business segment acts, to a certain extent, as a
counteracting force. However, because of the large size of the residential segment, its
counteracting power is insufficient, as we have also seen in section 8.2. There, the
incumbent “gives away” the business segment to the entrant, who quickly captures the
complete market segment.

Simulations (not reported here) showed that the entrant very rapidly gains
market share in the business market. The incumbent has an incentive to set the
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subscription fee ashigh as possible (equal to either the monopoly level of theresidential
market or to apossible price cap on the subscription fee), in order to “milk” residential
customers and |eaving the corporate segment to the entrant.

This outcome does not occur if the incumbent is allowed to price discriminate
between residential and business customers. Pricediscrimination enablestheincumbent
to decrease its subscription fee for corporate customers, m,"*, and effectively compete
with the entrant in the business market.

Thepolicy implicationisthat if thedisciplinary force from entry isinsufficient,
then regulation of the incumbent’s retail prices is necessary. Without retail price
regul ation, theincumbent will monopolize one segment of the market and leavetheother
segment to the entrant.

Asymmetric retail priceregulation

Given the observations above, we assume that the incumbent is subject to retail price
regulation. In particular, there is a price cap, denoted by k, on the incumbent’s
subscription fee.



Table 8.4.2. Effects of price cap regulation, total market / short run*
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K 0, profits1 | profits2 | CS PS W
5000 22.814 347.71 26.24 429.52 373.95 803.48
5500 22.941 380.97 25.27 396.51 406.24 802.75
6000 23.067 413.28 24.58 363.66 438.16 801.82
T, =T,=0,=
Table 8.4.3. Effects of price cap regulation, total market / long run*
K 0, profits1 | profits2 | CS PS W
5000 48.758 230.22 109.35 495.94 339.56 835.5
5500 48.678 257.15 115.51 464.04 372.67 836.71
6000 48.616 282.84 122.81 432.18 405.65 837.83
*r=1,=0, =

Table 8.4.4. Effects of price cap regulation, total market / ag

gregate over time*

K profits1 | profits2 | CS PS W

5000 3972.64 | 1191.08 | 7176.34 | 5163.72 | 12340.1
5500 442125 | 1211.42 | 6696.5 5632.67 | 12329.2
6000 4852.19 | 1246.8 6217.86 | 6098.99 | 12316.9
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Table 8.4.5. Effects of price cap regulation, residential market / short run*

K 0, profits1 | profits2 | CS PS W
5000 28.123 263.12 26.08 338.36 289.19 627.55
5500 27.324 20241 24.71 312.25 317.12 629.37
6000 26.524 321.59 23.37 286.19 344.96 631.15
T, =T,=0,=
Table 8.4.6. Effects of price cap regulation, residential / long run*
K 0, profits1 | profits2 | CS PS W
5000 42.015 209.97 54.33 386.04 264.29 650.33
5500 40.01 240.43 49.78 361.07 290.21 651.28
6000 38.029 270.62 45.43 336.13 316.05 652.19
*r=1,=0, =

Table 8.4.7. Effects of price cap regulation, residential market / aggregate over time*

K profits1 | profits2 | CS PS W

5000 3232.56 | 882.13 5586.27 | 4114.69 | 9700.96
5500 3692.77 | 817.34 5206.95 | 4510.11 | 9717.06
6000 4149.35 | 754.94 4828.24 | 4904.28 | 9732.52
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Table 8.4.8. Effects of price cap regulation, business market / short run*

K 0, profits1 | profits2 | CS PS W

5000 3.945 84.6 0.16 91.17 84.76 175.92
5500 7.364 88.56 0.56 84.25 89.13 173.38
6000 10.78 92 121 77.47 93.21 170.67

Table 8.4.9. Effects of price cap regulation, business market / long run*

K 0, profits1 | profits2 | CS PS W

5000 72.722 20.25 55.02 109.89 75.27 185.17
5500 79.486 16.73 65.73 102.96 82.46 185.42
6000 86.241 12.22 77.38 96.04 89.6 185.64

Table 8.4.10. Effects of price cap regulation, business market / aggregate over time*
K profits1 | profits2 | CS PS W
5000 740.08 308.95 1590.06 | 1049.03 | 2639.09
5500 728.48 394.09 1489.55 | 1122.56 | 2612.11
6000 702.85 491.86 1389.62 | 1194.71 | 2584.33
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Concerningdifferent levelsof the price cap ontheincumbent’ ssubscriptionfee,
one can make the following observations. Consider an increase of the level of the price
cap on the incumbent’ s subscription fee.

Short run

Theentrant’ sresidential market sharedecreases, anditsbusinessmarket shareincreases.
Profitsof theincumbent increasein both segments. The entrant’ s profitsdecreasein the
residential segment, but increaseinthebusinesssegment. Consumers’ surplusdecreases,
and producers' surplusincreases, in both segments. Welfare in the residential segment
dlightly increases, but decreases in the business segment. Overal (in terms of total
profits), the incumbent is better off and the entrant is worse off. Total consumers
surplus decreases, whiletotal producers’ surplusincreases. Welfareisslightly reduced.

Long run

The long-run effectsin the residential segment are the same as in the short run. In the
business segment, though, the incumbent’ s profits now decrease, and welfare remains
roughly constant (the effectson other indicatorsare similar to the short run effects). The
entrant’ stotal profits now increase. Other effects are similar to short-run effects.

Aggregate over time

We restrict attention to cases where short and long run effects have oppasite signs. In
the business segment of the market, the incumbent’s aggregate profits decrease, and
welfare decreases also. Total welfare decreases.

Intuition

Theconsidered price capson theincumbent’ ssubscriptionfeearebindingin all periods.
Allowing the incumbent to charge a higher subscription fee directly affects residential
consumers, since they have to pay the incumbent’ s subscription fee even if they usethe
Carrier Select service. Since the incumbent does not differentiate its prices, price
competition in the business segment becomes|essintense. Therefore, that soft price cap
regulation not only hurts residential but also corporate customers.

Something that cannot be observed from the tables above is that the market
share that the entrant initially gainsin the residential market, is reduced again in the
longer run. Also, the entrant takes over the incumbent in the corporate market. For
example, in the case of price cap k = 5000, the following picture emerges:
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Figure 8.4.2. Business market shares.

Figures 8.4.1-8.4.2 can be explained asfollows. In the short run, the incumbent
hardly facesany competitive pressurefromtheentrant in the business segment, sincethe
entrant initially offers a relative low fixed utility level to corporate users (see section
5.2). Since the incumbent cannot differentiate its prices, this softens the incumbent’s
overal stance (i.e., the incumbent charges a relatively high per-minute price).
Consequently, it isrelatively easy for the entrant to gain market sharein the residential
market. Inthelonger run, however, the entrant’ sfixed quality level offered to corporate
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usersincreases, which leadsto amore aggressive response from the incumbent (i.e., the
incumbent’s undifferentiated per-minute price decreases more than if there was no
corporate segment).

A simple exercise supportsthe above explanation. If one simulates competition
under the assumption that u," ™ = u, in al periodst, that is, the entrant immediately
offers the same fixed utility to corporate users as the incumbent, then one does not
observe the decrease in the entrant’ s corporate market share in the longer run. See the
following figure.
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Figure 8.4.3. Residential market sharesif u," " =u,in all periodst.

Robustness
Suppose that the operators maximize total profits over time. Hence, competition
becomes somewhat more intense due to the bigger importance of market shares. This
effect isparticularly pronounced for the entrant in the beginning of the game: the entrant
will try to gain market sharefaster by setting lower prices. Theresulting downward price
pressure on the incumbent may call for some fine-tuning of the price cap (in the sense
of loosening it), but expectedly, the need for price cap regulation does not vanish.
Similarly, if there is more than one entrant, the incumbent faces more price
pressure. Hence, price cap regulation can be softened to some extent. The presence of
heterogeneous customersin combination with targeted entry does not seemto affect the
intuitions devel oped in the previous chapter. Therefore, the presence of several entrants
does not seem to reverse the policy implications of our analysis.
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Policy implications

Because of thelack of competitivediscipline, it isnecessary to regulatetheincumbent’s
subscription fee with a price cap or by fixing it directly (any reasonable price cap will
bebinding). The negative effect onthe entrant’ stotal, aggregate profitsare negative, but
relatively small. Thereisatradeoff involved, though. To maximize consumers’ surplus
in both theresidential and the business segment, both in the short and long run, the price
cap on the subscription fee should be relatively tight. This encourages Carrier Select-
based entry intheresidential market. The other side of the coinisthat atighter price cap
makes facilities-based entry in the business market becomes less attractive in the short
run, but this drawback vanishes in the longer run, when the entrant is able to offer a
higher quality level to business customers.
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8.4.3 Originating access price

We now turn to the originating access price. Expectedly, it will play the roughly the

same role asin section 6.4.

Table 8.4.11. Originating access price, total market / short run*

&, 0, profits1 | profits2 | CS PS W
1 22.814 347.71 26.24 429.52 373.95 803.48
15 22.034 367.43 23.53 406.2 390.96 797.16
2 21.19 385.06 21.03 384.36 406.08 790.44
*1,=1,=1, « =5000.
Table 8.4.12. Originating access price, total market / long run*
&, 0, profits1 | profits2 | CS PS W
1 48.758 230.22 109.35 495.94 339.56 835.5
15 47.748 250.21 110.84 470.8 361.06 831.86
2 46.672 268.14 112.99 446.73 381.12 827.85

* 1, =1,=1, « =5000.

Table 8.4.13. Originating access price, total market / aggregate over time*
&, profits1 | profits2 | CS PS W
1 3972.64 | 1191.08 | 7176.34 | 5163.72 | 12340.1
15 4292.94 | 1149.57 | 6808.56 | 5442.5 12251.1
2 4580.96 | 1118.19 | 6458.08 | 5699.15 | 12157.2

*1,=1,=1, « =5000.
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Table 8.4.14. Originating access price, residential market / short run*
&, 0, profits1 | profits2 | CS PS W
1 28.123 263.12 26.08 338.36 289.19 627.55
15 26.476 280.19 23.12 319.7 303.32 623.01
2 24.79 295.8 20.29 302.17 316.09 618.26
*1,=1,=1, «=5000.
Table 8.4.15. Originating access price, residential / long run*
&, 0, profits1 | profits2 | CS PS W
1 42.015 209.97 54.33 386.04 264.29 650.33
15 39.219 230.82 47.47 366.37 278.29 644.66
2 36.408 250.37 41.05 347.53 291.41 638.94

*1,=1,=1, « =5000.

Table 8.4.16. Originating access price, residential market / aggregate over time*
&, profits1 | profits2 | CS PS W
1 3232.56 | 882.13 5586.27 | 4114.69 | 9700.96
15 3540.29 | 7759 5295.07 | 4316.18 | 9611.25
2 3828.05 | 675.7 5017.34 | 4503.76 | 9521.1

*1,=1,=1, « =5000.
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Table 8.4.17. Originating access price, business market / short run*
&, 0, profits1 | profits2 | CS PS W
1 3.945 84.6 0.16 91.17 84.76 175.92
15 6.244 87.24 0.41 86.51 87.64 174.15
2 8.398 89.26 0.73 82.19 89.99 172.18
*1,=1,=1, «=5000.
Table 8.4.18. Originating access price, business market / long run*
S, 0, profitsl | profits2 | CS PS w
1 72.722 20.25 55.02 109.89 75.27 185.17
15 78.049 19.39 63.38 104.43 82.77 187.2
2 83.152 17.77 71.94 99.2 89.71 188.91

*1,=1,=1, « =5000.

Table 8.4.19. Originating access price, business market / aggregate over time*
&, profits1 | profits2 | CS PS W
1 740.08 308.95 1590.06 | 1049.03 | 2639.09
15 752.65 373.67 1513.49 | 1126.32 | 2639.81
2 752.91 442.49 1440.73 | 1195.39 | 2636.13

*1,=1,=1, « =5000.

Consider an increase of the originating access price.

Short run, long run, and aggregate over time:

In the residential market, the originating access price plays roughly the samerole asin
the analysis of section 6.4.3, where we analyzed Carrier Select based entry in an
unsegmented market. In the business market, the picture looks different. An increase of
the originating access price results in an increase of the entrant’s market share and
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profits, both in the short and long run. The incumbent’s profits in the business market
increase in the short run, but decrease in the long run. Business consumers' surplusis
reduced in the short and in the long run. Welfare goes down in all cases, except in the
long run in the business market.

Intuition

The price cap on the incumbent’s subscription fee is binding in all situations. An
increase in the originating access price increases the entrant’ s perceived marginal cost
in the residential segment, and therefore also its per-minute price for residential
customers. Thisallowstheincumbent to increaseits per-minute priceaswell. The spill-
over effect in the business market isthat competition becomes lessintense, because the
increase in the incumbent’s undifferentiated per-minute price allows the entrant to
increaseits subscription fee for business customers. Theincumbent, however, facesthe
price cap and cannot go along. Hence, not only residential consumers, but also business
customers are harmed by a markup in the originating access price.

Robustness

The policy implication that the originating access price should be cost-based, does not
critically depend on the assumptions of myopic profit maximization and the presence of
asingle entrant.

Consider the strong growth in internet traffic. Along the lines of the robustness
discussionin section 6.4.3, it can be argued that if thisgrowthisstrong in theresidential
market, then a markup in the originating access fee reduces the entrant’ s profitsin the
residential segment. The reason is that the internet is typically accessed through local
telephony, a service that is more costly for the entrant than the incumbent to provide.
Therefore, the residential segment becomes relatively less attractive for the entrant,
compared to the business segment. This effect is stronger if the originating access price
is larger. The discussion above suggests that a markup in the originating access fee
harms the entrant even more than without the internet-induced traffic growth.

Policy implications

The originating access price should be equal to marginal cost. A markup in the
originating access price directly harms residential customers, who have to pay higher
per-minute prices, and indirectly harms business customers, who experience softened
price competition.
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8.4.4 Terminating access prices

Finally, we take a brief ook at the role of terminating access prices.

Table 8.4.20. Terminating access prices, total market / short run*

T, T 0, profits1l | profits2 | CS PS W
1 1 22.814 347.71 26.24 42952 | 373.95 | 803.48
15 |15 22.015 368.52 23.68 405.05 | 392.2 797.25
1 15 22.892 344.43 25.73 432.82 | 370.16 | 802.98
* 5, =1, x =5000.
Table 8.4.21. Terminating access prices, total market / long run*
T, T, 0, profits1l | profits2 | CS PS W
1 1 48.758 | 230.22 109.35 49594 | 339.56 | 8355
15 |15 48.021 | 251.23 110.56 469.82 | 361.79 | 831.61
1 15 48.835 | 227.31 114.37 49357 | 341.68 | 835.25

* 8, =1, x =5000.

Table 8.4.22. Terminating access prices, total market / aggregate over time*

T, T, profits1 | profits2 | CS PS W

1 1 3972.64 | 11911 7176.3 | 5163.7 | 12340.1
15 |15 4309.23 | 1150.1 67921 | 54594 | 12251.5
1 15 3928.1 1216.1 7183.4 | 5144.2 | 12327.5

* 8, =1, x =5000.
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T, T 0, profits1l | profits2 | CS PS W
1 1 28.123 263.12 26.08 338.36 | 289.19 | 627.55
15 |15 26.63 280.58 23.44 318.86 | 304.02 | 622.88
1 15 27.668 262.2 25.37 340.75 | 287.57 |628.31
* 5, =1, x =5000.
Table 8.4.24. Terminating access prices, res. market / long run*
T, T, 0, profits1 | profits2 | CS PS W
1 1 42.015 | 209.97 54.33 386.04 | 264.29 | 650.33
15 |15 39.749 | 232.87 50 365.6 282.88 | 648.47
1 15 4131 209.36 54.05 384.17 | 263.41 | 647.59

* 8, =1, x =5000.

Table 8.4.25. Terminating access prices, res. market / aggregate over time*

T, T, profits1 | profits2 | CS PS W

1 1 3232.56 | 882.13 5586.3 | 4114.7 | 9700.96
15 |15 3557.47 | 801.49 5282.8 | 4359 9641.79
1 15 3228.19 | 865.75 5589.8 | 40939 | 9683.75

* 8, =1, x =5000.
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Table 8.4.26. Terminating access prices, business market / short run*

T, T 0, profits1l | profits2 | CS PS W
1 1 3.945 84.6 0.16 91.17 84.76 175.92
15 |15 5.61 87.94 0.24 86.19 88.19 174.37
1 15 5.918 82.23 0.37 92.07 82.6 174.67
* 5, =1, x =5000.
Table 8.4.27. Terminating access prices, business market / long run*
T, T, 0, profits1 | profits2 | CS PS W
1 1 72.722 | 20.25 55.02 109.89 | 75.27 185.17
15 |15 77.418 18.35 60.56 104.22 | 78.91 183.14
1 15 75.584 | 17.95 60.32 109.4 78.27 187.66

* 8, =1, x =5000.

Table 8.4.28. Terminating access prices, business market / aggregate over time*

T, T, profits1 | profits2 | CS PS W

1 1 740.08 308.95 1590.1 | 1049 2639.09
15 |15 751.76 348.65 1509.3 | 11004 | 2609.72
1 15 699.91 350.3 1593.6 | 1050.2 | 2643.77

* 8, =1, x =5000.

One can see from the tables above that the entrant’s direct benefits from an
access markup are experienced in the business segment. That is the segment where the
entrant is able to generate revenues from incoming traffic. Terminating access prices
indirectly affect the entrant’ s profits in the residential market because of the effects on
prices and traffic. Asin previous models, access markups increase perceived marginal
costs, and therefore also per-minute prices. This introduces pressure on, in this case,
only the entrant’ s subscription fee. Similar to previousresults, itisoptimal to allow only
the entrant to charge an access markup in the short run, and to impose cost-based access

pricesin thelong run.
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8.5. Summary of implicationsfor policy and regulation

In this section, we recapitul ate the conclusionsfor policy and regul ation of the previous
sections.

Targeted facilities-based entry

Thefollowing implicationsfor policy and regulation are valid given the assumed mode
of entry (the entrant targets only the business segment in a situation of facilities-based
competition, and leaves the larger, residential segment to the incumbent).

Retail price regulation

. If the incumbent cannot price discriminate, then without price regulation, the
incumbent will monopolize the residential market (given that it is sufficiently
large or attractive) and leave the business segment to the entrant. The entrant
hardly faces any price pressure and can raise its subscription feein the business
segment. Therefore, regulation of the incumbent’s retail prices is not only
necessary to protect residential consumers, but also in the interest of business
customers.

. Allowing theincumbent to price discriminate prevents adivision of the market,
but does not take away the need to regulate the incumbent’s prices in the
residential segment.

. In order to make entry not too difficult or even impossible, the incumbent’s
prices should not be set too low initially. However, when the entrant has
captured substantial market share in the busi ness segment, | enient regul ation of
the incumbent’s prices is harmful for consumers and no longer necessary.
Therefore, it is best to reduce the incumbent’ s retail prices over time.

Terminating access prices

. Consumers’ surplus is maximized over time if the entrant’s access price is
initially above cost and tends towards its underlying cost level as the entrant
gains market share. Access regulation of this type, initialy skims the
incumbent’ s profits, while increasing the entrant’ s profits and market share in
the business segment. Inthelong run, total consumers’ surplus and welfare are
maximized by setting both access prices equal to marginal costs.

Combined facilities-based and L L U-based entry

Thefollowing implications for policy and regulation are valid given the assumed mode
of entry (the entrant targets the business segment in a situation of facilities-based
competition, and targetstheresidential segment by leasing theincumbent’ slocal |oop).
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. Consumers’ surplus of both types of customers is maximized if the line rental
is equal to the underlying cost. A markup in the line rental directly harms
residential customers, who have to pay higher subscription fees, and indirectly
harms business customers, who experience softened price competition.

. Because of the risk of implicit collusion through ajoint agreement on a lease
price markup, it isimportant to closely monitor the operators’ negotiations on
the lease price or to regulateit.

. Theeffect of softened price competition in the busi ness segment does not occur
if the incumbent is allowed to differentiate its prices. This does not affect the
recommendation that the lease price of thelocal loop be equal to the fixed cost
of a connection.

Combined facilities-based and Carrier Select-based entry

Thefollowing implications for policy and regulation are valid given the assumed mode
of entry (the entrant targets the business segment in a situation of facilities-based
competition, and targets the residential segment through Carrier Select services).

Price cap regulation

. Because of insufficient competitive disciplineg, it is necessary to regulate the
incumbent’ s subscription fee. In order to maximize consumers' surplusin both
the residential and the business segment, both in the short and long run, the
price cap on the subscription fee should be relatively tight. This encourages
Carrier Select-based entry intheresidential market, whilethe negative effect on
the entrant’ s total, aggregate profits are, although negative, small.

Originating access price

. The originating access price should be equal to marginal cost. A markup in the
originating access price directly harmsresidentia customers, who have to pay
higher per-minute prices, and indirectly harms business customers, who
experience softened price competition.

Terminating access prices
. It isoptimal to allow only the entrant to charge an access markup in the short
run, and to impose cost-based access pricesin the long run.
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A.8. Appendix: Calibration and mode adaptations

A.8.1. General

Because of technical limitations of the models, we abstract from situationsin which an
operator offersamenu of contractsof different types, which allows consumersto choose
acontract that fitstheir calling behavior and preferences best. Within the context of the
models of Chapters 6 and 7, this restriction is harmless, since consumers are
homogeneous.

With heterogeneous customers, it makes perfect senseto try to address variety
of demand with different pricing structures. Indeed, in the real world, price
discrimination by using menus of contracts is widespread. It allows operators, even if
they are unable to tell types of customers apart, to capture surplus by fine-tuning
contractsaimed at different types. Typically, operatorscannot distingui sh betweentypes,
so that consumers can self-sel ect the contract that they prefer. Inthe economic literature,
this situation is often called “ second-degree price discrimination.”

A formal analysis of second-degree price discrimination is outside the scope of
this study. In most parts of this chapter, we allow for price discrimination by the entrant
whiletheentrantisabletotell residential and business customersapart. Offeringamenu
of contracts is then not necessary. Our interest does not lie, however, in price
discrimination with the purpose of fine-tuning pricesto demand, but in targeting certain
segments with a more aggressive price strategy.

Let us briefly go back to second-degree price discrimination. A menu of
contracts aimed at low-volume and high-volume callers may, for instance, consist of a
contract with a flat fee and a contract with a linear price. For a sufficiently high
subscription fee, the flat fee contract is selected by high-volume callers, and for a
sufficiently high per-minute price, the linear price contract is chosen by low-demand
callers. One type of consumer finds it then unattractive to select the contract aimed at
the other type.

Second-degree price discrimination tends to be profitable for firms, while
consumersneed not benefit fromit. Priceswill be such that consumerswith low demand
deriveless net benefits than consumers with high demand. The reason isthat operators
reduce the demand by low-demand consumers, in order to make it less tempting for
high-demand consumersto choosethelow-demand contract. Overall, thewelfareeffects
are ambiguous.*’

New parameters are the sizes of the market segments.

47 See Tirole (1988, ch. 3).
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Table A.8.1.1. Size of market segments*

parameter estimate

market size residential segment 6 163 000 connections

market size business segment 1 734 000 connections

total market size (as before) 7 897 000 connections
* IDC (1999).

Inall models, total market shares ¢, and o,, that is, the operators’ market shares
in the total market, are weighted averages of market shares in the two segments,
weighted by the size of the segments.

Similar to earlier chapters, calling patterns are assumed to be isotropic (see also
chapter 4). With heterogeneous customers, the assumption not only applies to market
shares, but also to relative sizes of the two market segments. Simply stated, a customer
of any type has an equal statistical probability of calling another customer of any type
and subscribing to any operator. Applying the assumption of isotropic calling patterns,
all relevant traffic flows on and between the networks, and between market segments,
are taken into account.

The reader who isinterested in the exact specifications of the models used in
this chapter, can consult the Mathematica notebooks (available on request).

A.8.2. Targeted facilities-based entry

The model of section 8.2 is based on the model of section 6.2, taking into account that
there are two market segments. All parameters are the same as in Section 6.2. In the
captive residential segment, by definition, ¢, = 100% in al periods.

In order to obtain feasible outcomes, the incumbent’ s prices must be regulated.
A joint price cap did not succeed to generate feasible solutions. Therefore the
incumbent’ s prices are fixed.

Simulations (not reported here) showed that if theincumbent’ s prices are fixed
at levels that are relatively low, then no equilibrium is found by the Mathematica
program. This does not seem to be merely a technical problem. A possible economic
interpretation is that since the entrant initially does not have atrack record of quality
(see Section 5.2), it cannot choose afeasible entry strategy. Asaconsequence, alimited
range of regulated prices has been looked at.



175

A.8.3 Combined facilities-based and L L U-based entry

The model of section 8.3 isacombination of the models of sections 6.2 and 6.3, taking
into account the differences concerning local access between the two market segments.
All relevant parameters are the same asin Section 6.3.

A.8.4 Combined facilities-based and Carrier Select-based entry

The model of section 8.4 is acombination of the models of sections 6.2 and 6.4, taking
into account the differences concerning local access between the two market segments.
All relevant parameters are the same asin Section 6.4.
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PART I11: POLICY IMPLICATIONS

This part recapitul ates the policy implication of the simulation results presented in
Part 11, and concludes the report. It consists of one chapter.
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Chapter 9. Conclusions

9.1. Introduction

In this chapter, we recapitulate the key insights that emerged from the analysis. As
introduced in chapter 1, the central question of this study is:

How should one design policy and regulation with the purpose of stimulating
competition in markets for fixed voice telephony, thereby ensuring that consumers
benefit from entry, and operators have sufficient incentives to be active on the market?

This guestion was addressed in a range of different situations, using models
fromindustrial organization and applied gametheory. Asargued intheintroduction, the
tools of game theory are crucial to understand the incentives of market players who
behave strategically, especialy in complex market environments such as
telecommunications. Therefore, we have built a set of game-theoretic modelsthat were
used to examine the most important types of market entry.

To generate outcomes with the models that can be interpreted in a meaningful
way, one hasto calibrate them by giving cost levels, utility and demand parameters the
right order of magnitude. The calibration isimportant not because we want to forecast
or describe actual behavior by market players—that isbeyond the purpose of the models
— but because we want to know how the market functions. For instance, a commonly
observed model outcome was that in the long run, an entrant gains a market share of
50%. We are not interested in the number itself (it is probably an inaccurate estimatein
any case). What we are interested in, is how regulatory instruments can stimulate entry
in such away that consumers benefit from competition.

9.2. Implicationsfor policy and regulation

Within acertain entry situation, such asfacilities-based entry or local loop unbundling,
there are several regulatory principles that depend on the development of competition,
while others can be applied independent of the entrant’s growth. Naturally, policy
implicationswithin agiven entry situation may not remain valid if aregulator wishesto
reverse the relative attractiveness of certain entry modes over time.

Economic theory does not provide a clear-cut answer to the question whether
competition in serviceson asingle network (by giving entrants accessto anincumbent’s
local loop), or competition between several networks (facilities-based competition), is
best for dynamic efficiency. It is outside the scope of this study to discuss the pros and
cons of facilities-based and other types of competition (see Van Damme (1999) for an
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extensive study on this topic). Moreover, perhaps a third type of competition, which
comes about by rolling out fibre to the house (which creates a new natural monopoly
situation), is better interms of dynamic efficiency.* Regulatory choices geared towards
either services or infrastructure competition should not foreclose alternative, new
possibilities. Nevertheless, for the sake of exposition we will discuss below how
regulation can make facilities-based competition more or less attractive for an entrant,
compared to leasing the incumbent’ s local loop or offering Carrier Select services.

We recapitulate the most important results in relation to a small number of
central topics and regulatory principles. Box 9.2.1 highlights two assumptions that are
helpful to clarify the exposition of the policy implications.

Box 9.2.1. Assumptions made for the sake of exposition.

. We discuss price cap regulation, access prices, €etc., in terms of ex ante,
sector-specific regulation. It may also be possible to let competition
authorities deal ex post with abuse of market power, instead of imposing
regulation beforehand. However, it is beyond the scope of this study to
examine the pros and cons of sector-specific regulation and general
competition policy.

. In relation to access prices, “cost-based” refers to access prices equal to
marginal costs. In relation to the lease price of the local loop, it refersto a
price equal to the per-period fixed cost of alocal connection (e.g., the cost
of connectingacustomer). If cost-based pricesprevent anincumbent operator
from breaking even (e.g., because the cost of building alocal network must
be recovered), then alowing the incumbent to charge a supplementary
markup may be necessary.

Regulation of retail prices

A genera principle, which is well known, is that in market segments where the
incumbent is a monopolist or has substantial market power, regulation of the
incumbent’sretail pricesis necessary. It is shown to apply to several situations:

. If themonopolist facesno entry in asufficiently attractive market segment, then
regulation of theincumbent’ s pricesishelpful to protect consumersfrom abuse
of market power (e.g., viaprice caps). Also, if the incumbent is not allowed to
price discriminate between market segments, entrants can “cherry pick” by

8 Bartelsman and Canoy (2000).
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targeting the smaller segment. Allowing the incumbent to price discriminate
prevents cherry picking, but does not take away the need to protect captive
consumers.

. If there are only Carrier Select operatorsin a certain market segment, and the
incumbent faces no competitive pressure onits subscription fee, thenregul ation
of theincumbent’ s pricesis helpful to protect consumers from abuse of market
power (e.g., viaprice caps).

. If an entrant buildslocal loopsin the smaller market segment and offers Carrier
Select services in the larger segment, a price cap on the incumbent’'s
subscription fee is helpful to protect consumers from abuse of market power.
Competition in subscription fees in the smaller segment does not result in
enough pressure on the incumbent. The price cap should not be too tight, as a
cap makes facilities-based entry in the smaller segment less attractive in the
short run.

A more specific policy implication is the following. In situations of Carrier
Select-based competition, as long as there are shortages in interconnection capacity,
price cap regulation of the incumbent’s per-minute price can reduce the harm from
shortagesto consumers (the potential harm to consumersisthat a capacity shortage can
soften price competition).

Cost-based wholesale prices

In arange of situations, it is optimal to impose cost-based wholesale prices (i.e., equal
to the underlying marginal cost). We abstract from supplementary markups that may be
needed if cost-based access prices prevent the incumbent from breaking even. Also, we
do not discuss the implementation of cost-based prices, which can be complex because
operators are better informed about their cost levels than regulators.*

Consider a situation where both incumbent and entrant receive terminating
access fees for incoming cals, that is, the entrant either owns (facilities-based
competition) or leases local |oops (unbundling-based competition). When competition
ismature, that is, the entrant has grown about aslarge astheincumbent, then consumers
surplusandwelfarearemaximizedif ter minating accesspricesarereciprocal and cost-
based.

In situations of local loop unbundling, consumers’ surplusis maximized if the
lease priceof thelocal loop iscost-based (i.e., equal to thetraffic-independent or fixed
cost of alocal connection). This principle is valid independent of the maturity of

“ For more on regulation if there is asymmetric information, see Laffont and Tirole (2000,
chapter 2).
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competition.® Also, if thelease priceincludesamarkup, then price cap regul ation of the
incumbent’ s retail prices may alleviate the markup’ s detrimental effect on consumers’
surplus. Thisis a fairly general result, which also holds in the targeted-entry model
where an entrant buildslocal |oops for one market segment, and leases them in another
one. In such asituation of targeted entry, the lease price can act as an instrument of tacit
collusion (an argument that reinforces the motivation to forbid a markup).

Consider asituation of Carrier-Select-based entry, and assume that the entrant
isthe only operator that has to pay, but does not receive, access revenues (e.g. because
the entrant does not own or lease any local connections). Then, to maximize consumers
surplus and to make entry not unnecessarily difficult, originating and terminating
access prices should be cost-based. This principle isvalid independent of the maturity
of competition.™*

If an entrant buildslocal loopsin the smaller market segment and offers Carrier
Select services in the larger segment, then, to maximize consumers surplus, the
originating access price should be cost-based. A markup intheoriginating accessprice
harms customers in both market segments. This principle is valid independent of the
maturity of competition.>

The growth in traffic caused by internet access vialocal telephony reinforces
the argument to impose a cost-based originating access price. Since the growth in
internet traffic increases a Carrier Select operator’s losses due to a high originating
access price, the price sgueeze between the perceived cost level and the incumbent’s
price (which they have to match or undercut) becomes a more pressing problem.
Entrants may ultimately have to discourage their customers to use the Carrier Select
serviceto dial internet access numbers. This leads to a marginalization of entrants. In
the light of the strategic importance of market shares (due to loyalty and reputation
effects), the prospects of competition are then seriously damaged.

Wholesale prices above cost

In the early stages of competition it may be optimal to introduce asymmetries in the
market (see aso below, “ Dynamic regulatory principles’). In the short runin situations
of facilities-based competition and local loop unbundling, that is, situationswhere both
incumbent and entrant receive terminating access revenues, allowing only the entrant to
charge an access markup is good for consumers’ surplus. When only the entrant’s
terminating access priceis above cost (and the incumbent’ s access fee is cost-based),
consumers' surplusis maximized, whilethe entrant’ s profits and market shareincrease.

% An exception occursif aregulator wants to influence theincentives to build new networks
over time. See the discussion below on this topic.

* The previous footnote applies.

%2 The previous footnote applies.
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There are no indications that markups in wholesale prices are good for
consumers' surplusin the long run, that is, if competition is mature.

Dynamic regulatory principles

We will now combine some of the regulatory principles discussed above. Market
devel opments over time may make it optimal to adopt regulation that is conditional
on thematurity of competition. Anindicator of the maturity of competitionisformed
by entrants’ market shares.>® Aslong as entrants are small, the incumbent, with amuch
larger market share, can usually outweigh them with its market power (e.g., because of
consumer switching costs, reputation, and brand name recognition). It may then be
helpful for the development of competition to give entrants a temporary advantage.
When entrants have gained substantial market shares and can exert significant
competitive pressure, the asymmetric advantage can be withdrawn.

To start, we discuss dynamic regulatory principles pertaining to the retail
market. Price cap regulation of the incumbent’s retail prices is typically useful to
increase consumers' surplus in the early stage of competition, when entrants are too
small to discipline the incumbent. A drawback of price cap regulation is that entrants
usually experience downward price pressure as well, even though a price cap is not
binding for them. Thisreducesan entrant’ sprofitsand itsincentivesto enter the market.
Therefore, price caps should be carefully balanced if entrantsaresmall. Assoon asthere
is sufficient competitive pressure from entrants, for instance when a correctly chosen
price cap ceases to be binding for the incumbent, it can be withdrawn.

In somesituation, pricecapsshould not betootight. Supposethat theincumbent
facesno entry in asufficiently attractive market segment, sothat theincumbent’ sretail
prices must be regulated even if there is entry in asmaller segment. Suppose also that
the incumbent cannot price discriminate between segments. In the short run, in order to
make entry in the smaller segment not too difficult, price caps should not be too tight.
Inthelonger run, if the entrant has gained substantial market share, and if theincumbent
is still amonopolist in the larger segment, then it is optimal for consumers' surplus to
tighten price cap regulation to a certain extent.

We now move to dynamic regulatory principles in wholesale markets. In
situations of facilities-based competition and local 1oop unbundling, where incumbent
and entrant receive terminating access revenues, the following type of regulation of
ter minating accesspricesmaximizesconsumers surpluswhileincreasingtheentrant’s
short-term profits and market share. Initially (i.e., when the entrant has a small market
share), only the entrant should be allowed to charge an access markup. As the market
matures (i.e., when the entrant gains market share), it becomes optimal to impose

% We are not claiming that market shares are always good indicators of market power;
sometimes they are not. See CPB (2000).
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reciprocal, cost-based (equal to the marginal cost of access) terminating access prices.
Thisisafairly general result, which holdsif operatorscompetein two-part tariffs, inflat
fees, or in linear prices; if the operators can differentiate between on-net and off-net
calls; if entry isaimed at the whole market or targeted at a segment; if an entrant builds
local loops in one segment and offers Carrier Select servicesin another segment.

If adynamicregulatory principleisapplied, early announcement of regulatory
principles and commitment to the announced principles over time are vital, since
regulatory uncertainty is likely to reduce firms' incentives to invest.

Finally aremark on competition between afixed and a mobile operator, which
was analyzed in a model where operators can differentiate between per-minute prices
for on-net callsand of f-net calls. A very highfixed-to-mobileinter connection feeleads
to tougher competition for market share: in the short run, the mobile operator may even
set its subscription fee bel ow cost (mobile phone usersare subsidized with respect to the
fixed fee). When the mobile operator is small, it does not yet benefit from avery high
fixed-to-mobile interconnection fee, but in the longer run, it becomes extremely
profitable (due to the growth of incoming traffic). Also, alarge access markup of the
mobile operator inflates the fixed operator’s off-net per-minute price. Implications for
consumers' surplus and welfare are ambiguousif the access markup is of alarger order
of magnitude than the underlying cost.

Quality and congestion

Some policy implications pertain to quality of service of operators, such as the
deterioration of the quality of a Carrier Select operator if the incumbent does not have
enough interconnection capacity to handle the entrant’ s traffic.

At agenera level, note that in the early stages of competition, entrants have
small customer bases. Incumbent and entrants are not at an equal footing with the
incumbent, who has market power because of consumer switching costs, a well
recogni zed brand nameand reputation. Also, anincumbent typically offersahigher level
of service quality than newcomers in the market. Therefore, policy needs to take into
account therisk that theincumbent abusesits dominant positionin order to keep entrants
small, preventing them from building up a brand name and reputation.

Asanillustration, consider asituation of Carrier Sel ect-based entry, and suppose
that at a given moment in time, there is a given, but insufficient, installed capacity to
interconnect with the incumbent’s network. Then, if an entrant competes more
aggressively by reducing itsretail price (e.g., it wantsto gain market sharefast, or there
isalarge number of entrants), more Carrier Select traffic is generated. Thisleadsto a
larger probability that consumersget the* busy” tone dueto insufficient capacity. Hence,
asituation with small entrants may maintain itself for along time, since entrants have
difficulty to get out of thisviciouscircle.

In situations of Carrier Select-based competition, shortagesininterconnection
capacity should be eliminated. It directly harms users of Carrier Select services, since
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they experience a quality degradation, and it may indirectly harms all consumers, who
may suffer from a reduced intensity of competition. As long as there are capacity
problems, price cap regulation of theincumbent’ s per-minute price can reduce the harm
to consumers.

Incentivesto build a customer access networ k

In general, price cap regulation of theincumbent’ sretail prices affects the incentives
for entry. Tighter price caps result in more downward pressure on the prices of an
entrant, making entry less profitable. Hence, in the short run there is atradeoff between
maximizing consumers’ surplus (when entrants are small and exert little competitive
pressure on the incumbent), and facilitating entry (so that the moment when price cap
regulation is no longer needed, isreached at an earlier stage).

Carrier Select-based entry can be stimulated in the short run by decreasing
incumbent’s originating access price (possibly down to margina cost), and by
eliminating any shortages in interconnection capacity in the incumbent’s network.
Similarly, unbundling-based entry can be stimulated in the short run by decreasing the
lease price of the local loop (possibly down to the fixed cost of aconnection). In both
cases, theincentivesto build acustomer access network, and therefore the prospectsfor
facilities-based competition, may be reduced (but only to a limited extent if it the
regulatory measure is temporary). Still, because it is important that entrants can gain
market sharefast (seethe discussion on quality above), stimulating Carrier Select-based
entry and local loop unbundling may be optimal in the short run.

Over time, facilities-based entry can be stimulated by making other modes of
entry relatively less attractive. For example, the lease price of the local loop, or the
originating access price for Carrier Select services, can gradually be increased. Again,
if such a dynamic regulatory principle is applied (e.g. a price cap that is gradually
withdrawn as competition develops), early announcement of regulatory principles
and commitment to the announced principles over time are vital. In particular in
telecommunications, regulatory uncertainty can harmthe development of infrastructure
investment.

9.3. Concluding remarks

This study analyzed the impact of regulatory instruments on entry and consumers

surplus. We have seen that a balanced application of regulatory instruments, that takes
the devel opment of competition and the resulting competitive pressure on theincumbent
into account, can increase the benefits for consumers, and can facilitate entry in the
market. It can also provide aflexible framework for awide range of future issues, such
as the development of broadband services and fixed-mobile convergence.
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The models used in the analysis sometimes yielded results that confirm basic
intuition or current policy. Thisformalization of basic intuition is more important than
it perhaps appears at first glance. Sometimes, namely, apparently intuitive outcomes
turned out to be falsified and reversed by the models. This falsification is not easily
achievable by other methods.

An attractive feature of the modelsisthat they are sufficiently simplein nature
to enable clear interpretations. they are not black boxes. Yet the models are far from
trivial. Sophisticated softwareis needed to solve even the simplest of models, whilethe
software also allows to solve more complex variants of the model. Also, simulation
models make it possible to do “dry runs’ to address a wide range of regulatory
instruments and questions.

We strongly encourage researchersto use or build on these model sand software
for other policy questions, inside and outside the telecommunications world. Thereis
ample scope to apply slightly modified versions of the models in other sectors. In
particular this may be very useful for other utility sectors and markets with network
externalities, such as markets for information goods and internet-rel ated markets.
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Glossary>

For an overview of telecommunications technology, see also section 2.2.

Access markup
Difference between aterminating or originating access price and the marginal (traffic-
dependent) cost of access.

ADSL (or moregenerally xDSL)
Asymmetric Digital Subscriber Line; atechnology that increases the speed of access
through the existing (copper line) local loop.

Carrier Preselect
Facility which allows customersto opt for callsto be carried by an operator selected in
advance, without having to dial arouting prefix.

Carrier Select
Facility which allows customersto opt for callsto be carried by an operator selected by
dialling arouting prefix (typically consisting of four digits).

Carrier Select-based competition (CSC)
Competition between operators such that entrants do not build customer access
networks, but have originating access to end-users via Carrier Select services.

Collocation
Ability for other operators to install equipment in the incumbent’s local switches in
order to supply services over the incumbent’s local loop.

Copper line

Main transmission medium to connect a telephone to alocal switch. Copper lines are
“dow,” that is, have narrow bandwidth unless combined with an enabling technol ogy
suchas ADSL.

Customer access network

Network connecting end-users' telephones and local switches (sometimesalso referred
to aslocal network, local access network, local 1oop).

% See d so http://www.oftel.gov.uk/glossary.htm#O.




192

Facilities-based competition (FBC)
Competition between operators such that entrantsbuild their own facilities, in particular
customer access networks.

Fixed telephony

Telephony over a network with fixed connections to end-users, in the sense that the
locations of endpoints are geographically fixed. Usually, the connections consist of
wires (“wireless local loop” is an exception).

Incoming call
Cdll originating at another operator’ s network, and terminating at one’s own network.

I nterconnection

Linking of telecommunications networks in order to alow the subscribers of one
operator to communicate with subscribers of another operator, or to access services
provided by another firm (e.g. an operator or an internet service provider).

Internet
Worldwide “network of connected networks,” typically accessed by users with a
computer, amodem, and atel ephone connection via an internet service provider (ISP).

Internet service provider (ISP)
Firm who provides access to the internet.

| SDN
Integrated Services Digital Network. Network based on the PSTN, providing digital
connections to customers.

Lease price of local loop
Wholesalelease price paid by an operator for taking over connectionsto end-usersfrom
the incumbent (also referred to as line rental).

Local access/ local loop
Connection between the customer’ s premises and the local PSTN switch. The physical
link is usually aloop comprised by two copper wires.

Local loop unbundling (LLU)

Local loop unbundling allows other operators lease the incumbent’s access network
connection between customers' premises and the local switch. The customer can then
chooseanother operator to providetel ecommuni cations servicesand end itssubscription
with the incumbent.
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Long-distance network
Network enabling callsto be routed between local switches (sometimesalso referred to
as backbone).

Marginal cost
Cost of producing an additional unit.

Mobile telephony

Telephony over a network with maobile connections to end-users, in the sense that the
locations of endpoints are not fixed geographically. End-users use mobile handsets to
connect to the network.

Off-net call
Cdll originating and terminating on different networks.

On-net call
Cadll originating and terminating on the same network.

Originating access
Provision of a connection between the calling party and a network which is not the
originating network.

Originating access price
Wholesale price paid for originating access, usually paid per time unit.

Originating network
Network to which acalling party is directly connected .

Originating oper ator
Operator on whose network a call originates.

PSTN
Public Switched Telephone Network. Itiscircuit-switched: each call reservesan end-to-
end physical circuit between the calling party and called party during the call.

Switch
Means by which temporary connections in a telecommunications network, between a
calling and a called party, are established (also known as exchange).
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Telecommunications
Conveyance of data(e.g., voice and other sounds, visual images) by wire, radio, optical
or other electromagnetic means.

Telecommunications networ k
Transmission systems, switching equipment, and signaling systems, permiting the
conveyance of signals by wire, radio, optical or other electromagnetic means.

Terminating access
Provision of a connection between the called party and a network which is not the
terminating network.

Terminating access price
Wholesale price paid for terminating access, usually paid per time unit.

Terminating network
Network to which a called party is directly connected.

Terminating operator
Operator on whose network a call terminates.

Voice telephony
Provision of direct transport of two-way, real-time speech, usually over the PSTN.



