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ABSTRACT

This thesis discusses the role of sector-specific regulators in the rapidly changing
telecommunications industry. In particular, it studies the access pricing policy which
provides the optimal balance between static and dynamic efficiency that better reflects
the changing regulatory goals in a highly variable economic and technological
environment. Static efficiency concerns the maximization of social welfare by
intensifying the competition for providing differentiated services (service-based
competition), whereas dynamic efficiency concerns the maximization of social welfare
by incentivizing investments in competitive infrastructures (facilities-based competition).
It is thus obvious that the role of regulators is to facilitate the gradual transition from
static to dynamic efficiency by influencing the investment and competition outcomes
through the regulation of the access price. Therefore, there is an interplay between
regulatory policy and technological development which leads to rapidly changing market
structures and industry performance.

The first significant regulatory intervention concerns the migration from a state
monopoly market to a competitive telecommunications industry which mostly took place
in 1990s. Obviously, the goal of regulators was to facilitate entry by alternative
operators in order to achieve static efficiency. The second substantial transition towards
dynamic efficiency is related to the current regulatory goal of promoting the migration
from service-based competition over the legacy copper access networks to service-
based competition over the so-called fibre-based Next Generation Access (NGA)
networks. This goal aims at providing significant investment incentives without distorting
the subsequent competition outcomes, and hence, is related to the common trade-off
between static and dynamic efficiency. Facilities-based competition is expected to
resolve such trade-off, which implies that the future regulatory goal concerns the
migration from service-based to facilities-based competition over NGA networks. The
aim of this thesis is to model the regulatory intervention in order to derive the access
pricing policy that achieves the efficiency goals of each migration phase.

The first chapter of this thesis discusses the background of the past, the present and
the future state of telecommunications markets and regulation. In particular, it presents
the economic and technical reasons that necessitate each migration and describes the
respective regulatory goal in terms of efficiency implications. It is obvious that each
migration requires a specific access pricing policy in order to achieve the optimal
balance between static and dynamic efficiency. The three following chapters discuss
the optimal access pricing policy that achieves the past, the current and the future
regulatory goals, respectively.

In particular, the second chapter discusses the optimal access pricing policy that aims

at promoting static efficiency by facilitating the migration from a state monopoly market

to a competitive telecommunications industry. In this context, this chapter extensively

reviews the contributed article studying the access conditions under whichane nt r ant 6 s
decision to purchase an essential access input from the incumbent or to make the

access input itself achieves static efficiency.

The third chapter discusses the regulatory goal of encouraging investments in NGA
networks without distorting the subsequent competition outcomes in order to facilitate
the migration from service-based competition over copper access networks to service-
based competition over NGA networks. In this context, this chapter also extensively
reviews the contributed articles studying: (i) the impact of regulatory uncertainty on an
i ncumbent 6s incentives to undertake the s
impact of geographic price discr i mi nati on on a monopolis



welfare-enhancing NGA investments; and (i) a monopol i sttdsndertake ent i v e
the socially optimal geographically differentiated NGA deployment.

The fourth chapter discusses the regulatory policy which aims at promoting dynamic
efficiency by facilitating the migration from service-based to facilities-based competition
over NGA networks. In this context, an innovative approach, which is based on the
basic principles governing a Credit Default Swap (CDS), is proposed to provide an
effective migration path towards facilities-based competition over NGA networks.

The last chapter of this thesis concludes the main policy implications drawn from the
discussion about the past, the present and the future state of telecommunications
markets and regulation, summarizes the derived research results of the contributed
research articles and proposes directions for future research.

SUBJECT AREA: Telecommunications economics and regulation

KEYWORDS: access regulation, dynamic efficiency, investment incentives, next
generation access (NGA) networks, static efficiency
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Modeling the regulatory intervention in the telecommunications market

1. INTRODUCTION

The telecommunications industry is probably the most rapidly evolving network
industry since it has undergone extensive changes in recent decades mainly
motivated by the evolution of new technologies and services, the growing
importance of telecommunications for national economies and the development
of international trade in telecommunications services. The goal of this thesis is to
describe the interplay between the continuously evolving scope of
telecommunications regulation and technological development which leads to
rapidly changing market structures in the telecommunications industry.

Historically, telecommunications networks were deployed using public funds in
order to facilitate the distance communication between people. In particular, in
many developed countries nationwide copper networks were built since their
technology and architecture were optimal for carrying voice traffic on a circuit
switched basis. In addition, each national government also owned the monopoly
operator which provided end-users with voice services. Therefore, both network
operation and service provision were undertaken by the state-owned monopoly
firm.

The liberalization of the telecommunications markets in the United States (US)
and Britain in the early 1980s and in Europe in the late 1990s was the result of
the conventional wisdom that competition serves consumers and social welfare
better than the former state monopoly, both from a short-term perspective, where
entry and investment decisions are taken as given as well as from a long-term
perspective, where these are treated as endogenous [1]. In addition, the almost
simultaneous privatization of the former state-owned monopoly operators (the so-
called Aincumbentso) was f&aompghe propositianahbt d e c i
privately-owned providers are more productively efficient than state-owned
operators. Therefore, it was expected that liberalization and privatization would
lead to a level playing field for the privately-owned alternative providers (the so-
cal | e e nitmreawhithswould compete with the former monopolists.

However, the migration from a state monopoly market to a competitive
telecommunications industry required the existence of a sector-specific regulator
for the restructuring process of the telecommunications sector. Indeed, regulation
can be seen as the implementation dimension that facilitates change. In addition,
regulatory intervention is best described as a corrective for market failure, having
as its ultimate goal a sufficiently and sustainable competitive market that requires
no intervention. Market failure is defined not in terms of specific outcomes, but as
the failure of the market to generate efficiency in the allocation of resources.
There are seven basic causes of market failure, of which monopolistic supply is
predominant in the telecommunications services industry [2]. The reason for such
market failure lies in the asymmetric nature of the telecommunications markets.

The most significant source of asymmetry is the fact that the incumbent operators

have already installed their own networks, whereas new entrants have to build

new networksfrom scratch or to | ease the incumbe
provision of an end-to-end telecommunications service (such as a telephone call

or an internet communication) almost always requires a combination of a number

of separate components, such as call origination, transportation and call
termination. Figure 1 graphically describes the connection between the required

network elements for the successful provision of an end-to-end
telecommunications service.
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premises with the nearest central office. In particular, the local loop is defined as

the physical twisted metallic pair connecting the network termination point at the
subscriber 6s premises t o t he mai n di stribut
equivalent facility in the fixed public telephone network (central office) [3]. The

sum of these connections consists the access network, whereas the sum of the

connections between the local exchanges (or central offices) consists the

core/backbone network. It is obvious that call origination and termination take

place in the access network, whereas transportation takes place in the

core/backbone network.

Therefore, a potential entrant needs to build a bypass access network as well as
interconnect its central offices. However, it is economically not viable for a new
entrant to build a bypass access network due to its natural monopoly
characteristics. According to Armstrong [4], an activity is said to be a natural
monopoly if it is most cost-effectively carried out by a single firm rather than by
several. Local loop presents widespread natural monopoly cost conditions due to
the existence of economies of density, which imply that the per unit cost of
providing a telecommunications service is decreasing in the population density. In
addition, the duplication of the access network requires high fixed connection
costs which are related to the cost of digging new ducts and laying new cables.
On the contrary, the backbone network does not present natural monopoly
characteristics, and hence, a new entrant may invest in its own backbone
network. In conclusion, the local loop can be viewed as an extreme natural
monopoly for wire-based networks which gives the incumbent the power to
exclude competitors from the retail (downstream) market.
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In addition, the incumbent typically enjoys several other advantages over any

new entrant, such as: (i) the lack or lower quality of added services (e.g. wake-up

calls, information services, voice mail) of a new provider; (ii) the lack of reliability

of a nhew entrantés network or reputation
installed consumer base due to switching; and (iv) the lack of consumer

i nformation about [&8nThieimpliesahatttie seploysméntvad r k
alternative access infrastructures, which overcomes the monopoly nature of the

local loop, was not economically feasible for new entrants not only because of the

huge fixed cost of such deployment, but also due to the low probability of
recovering the investment given the non-viable consumer base of the entrants.

As a result, the only solution for new entrants was to purchase monopolized

inputs (or essential facilities') from the incumbent. In other words, new entrants
required access to the incumbentds acces
consumers with their services. However, since the incumbent upstream
monopolist was also a supplier of the final services, there was the obvious danger

that this integrated firm would seek to exclude competing providers by setting

high access prices, t her e 6] Thisafactsis widgly n e w
known asvayiona@access problem because the fj
service need to lease essential facilities from the provider of the non-competitive

service but not vice versa. This type of asymmetry results in the failure of the

market to generate efficiency in the allocation of resources, and hence, regulatory
intervention is needed for correcting such distortion. This implies that market
liberalization did not eliminate the need for regulation, but the regulatory focus

shifted from the retail to the wholesale market.

Regulation in such asymmetric markets was claimed to stimulate competition in

the short-run by allowing the entrants to have access to the metallic local loops of

the incumbent operators. This form of regulation is widely known as Local Loop
Unbundling (LLU), which i mplies iss&the t he
wholesale level, separated from its overall facilities or operations, in order to allow

for commercial wholesale supply of this input [7].> Therefore, unbundling was
expected to facilitate entry as firms were enabled to join the market without

having incurred huge fixed and sunk investment costs. However, the introduction

of competition into the formerly monopolized telecommunications markets led to a

fierce debate about the terms and conditions on which competitors would have
unbundled upstream access tothe hi st or i c al operatofBgb6 | o
The reason is that regulators should achieve too many goals with only one
instrument: the determination of the access charge (i.e. the price that new
entrants should pay to the incumbent in order to have access to its local loop
facilities). According to [1], the optimal regulatory policy should:

1 require as little information and data from market participants as possible;

! The Canadian Radio-television and Telecommunications Commission (CRTC) defines an

essential facility as a monopoly-supplied facility, function, process or service that competitors
require as an input in order to provide telecommunications services and which competitors cannot
economically or technically duplicate (http://crtc.gc.ca/eng/archive/1997%5CDT97-8.htm).

% In fact, there are three alternative forms of unbundling: bitstream access, shared access and full
LLU. With bitstream access, entrants are restricted to resale the i n ¢ u mb gervite8. sWith
shared access, the incumbent remains in control of the copper line, whereas with fully unbundled
access, the alternative operator obtains full control of the copper line. Hereafter, the term
Aunbundl i ngd fulwlLU lin odex foepoint bub that the entrants have to deploy a
core/backbone network that interconnects most of the local exchanges (central offices).
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1 keep the costs of regulation to society low and in particular, to avoid an
overloaded bureaucracy;

1 ensure that regulatory measures are temporary rather than permanent, and
ultimately superfluous, whenever possible;

1 achieve (static) economic efficiency, with a particular focus on improving
consumer s 0 ichisacpiévedghrough low prices and high quality;

1 achieve dynamic efficiency so that investment incentives give rise to socially
optimal investment decisions.

Although all aims have to be kept in mind when implementing specific policies,

the level of the access <charge direct]!| yfoldaghbdl ®ct s t he
achieve both static and dynamic efficiency. Static efficiency concerns the short-

run regulatory goal to reduce the incumbento
alternative operators (new entrants) to enter the market and compete effectively

with the incumbent in the downstream market. Unbundling of the local loop

facilitates entry by allowing new entrants to have the right to use the same

network as the incumbent. As a result, both incumbent and entrants have

significant incentives to invest in innovative, differentiated services. Such service-

based competition promotes productive efficiency (i.e. existing assets are utilized

efficiently) and allocative efficiency (i.e. existing resources are efficiently allocated

to the economy). Therefore, service-based competition ensures an evolution to a

self-sustaining pro-competitive market structure in which firms behave in a

competitive manner, and hence, consumers enjoy the welfare gains from static

efficiency (lower prices, better quality and extended variety of services).

On the other hand, dynamic efficiency concerns the long-run goal of access
regulation to induce the firms to undertake the socially optimal (efficient)
investment decisions in terms of both timing of investments and the extent of
network deployment. According to Bourreau a n d D o[9],afacilities-based
competition, which requires investments in new competing infrastructures from
the incumbents and (especially) entrants, leads to efficient investment decisions
and adoption of better technologies. In particular, facilities-based competition is
regarded as the only means to achieve sustainable competition since it creates a
level playing field between the incumbent and entrants [10i7 12]. Facilities-based
competition achieves the full benefits of competition, and hence, consumers
enjoy the full welfare gains from dynamic efficiency (maximum market growth in
terms of both volume and value so that markets achieve minimized costs,
innovative technologies and advanced services).

Although static and dynamic efficiency are not necessarily mutually exclusive and
they may coincide in the long run, a trade-off between static and dynamic
efficiency is a common outcome in the short run. Since the promotion of efficient
entry is a short-run goal in the transition from state monopoly to private and
competitive market structures, access regulation should indisputably aim at
fostering service-based competition. The reason is that the incumbent enjoys
many advantages over the entrants as well as the deployment of a bypass
access network is not economically viable for the latter. This implies that
mandatory unbundling is a necessary but not sufficient condition to promote static
efficiency since the level of the access price significantly affects the right amount
of downstream entry and upstream bypass: if the access price is set too low,
inefficient excessive entry may occur; on the contrary, too high access prices not
only discourage entrants from joining service-based competition, but also

M. Tselekounis 34



Modeling the regulatory intervention in the telecommunications market

provides the entrants with incentives to build inefficient access facilities in order to
bypass the incuBpentds networKk

In parallel with the liberalization phase, the technological developments in the
communications and information industry as well as the cost pressure of service-
based competition led networks to evolve towards digital transmission and packet
switching. In fact, the copper wires, which were interconnecting the central offices
and constituting the core/backbone network, were gradually replaced by fibre
optic cables, whereas new modem technologies allowed the convergence of the
existing twisted copper pair telephone lines into the high-speed (or broadband)
communications access capability for various services.® In other words, such
innovations made available the transmission of high data rates over the existing
copper access infrastructures. As a result, both incumbent and entrants upgraded
their own backbone infrastructures in order to provide both voice (or in more
general terms, narrowband bi-directional real-time transmission) and broadband
internet connection to their final consumers over the copper access network of
the incumbent.

In the last decade the number of internet users as well as the capacity they
demand has increased dramatically, and hence, all providers in the developed
world have seen a surge in data traffic conveyed by means of packet switched
technology. The increasing transmitted volume of data has currently made the
traditional access copper networks incapable of providing end-users with the
demanded bandwidth. On the contrary, the transmission capabilities of fibre are
theoretically unlimited, whereas it also provides high data rates, low loss and low
distortion. For this reason, the deployment of fibre access infrastructures, the so-
called Next Generation Access (NGA) networks, has received significant interest
among all operators since they are regarded as the only future proof solution
capable to handle future demand [14]. It is thus obvious that, today, data
transmission rather than voice determines network infrastructures [15]. In
addition, investment in NGA networks has also attracted the interest of national
governments since higher speed broadband services increase the positive impact
of broadband on economic growth, productivity at the firm level, employment
growt h and c on JU6irme.rHeveevenyievedtneent @ NGA networks
not only requires a huge initial fixed cost, but also is mainly sunk once the
investment has been made. This implies that potential investors are reluctant to
invest in NGA networks unless they are reimbursed for the risk they incur when
investing in such networks.

Perhaps the most challenging task for academics, governments and policy
makers is to design a regulatory policy that encourages investments in NGA
networks and promotes sustainable competition. In other words, the current
regulatory policy focuses on establishing sustainable service-based competition
over NGA networks, thus improving both static and dynamic efficiency. This
implies that regulators aim at facilitating the migration from service-based
competition over copper access networks to service-based competition over NGA
networks.

In such cases, the coexistence of static and dynamic efficiency unambiguously
results in better economic and welfare outcomes. However, a growing number of

® The Asymmetrical Digital Subscriber Line (ADSL) technology is the most pronounced example

of an efficient modification of the copper access network in order to better utilize the limited
bandwidth provided by such networks.
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empirical studies conclude that facilities-based competition has been the main
driver for broadband diffusion although they do not find a negative relationship
between service-based competition and broadband diffusion [207 23]. Given that
broadband penetration positively affects economic growth [24], [25], it can be
inferred that facilities-based competition creates a superior potential for economic
growth than does service-based competition. Although these studies focus on the
broadband access markets, and hence, they mainly assume facilities-based
competition between the traditional telecommunications access networks (which
use copper pair cables in the local loop) and the cable TV networks (which use
different versions of coaxial cables), their results will be probably applied to the
ultra-fast broadband access over NGA networks.

Hence, facilities-based competition over NGA networks maximizes the main
economic and welfare indices since the full benefits stemming from a sustainable
competition level are achieved. However, given the huge investment cost and the
uncertainty of NGA investments, it is expected that firms will invest in a sequential
order rather than simultaneously. As a result, the future goal of the regulatory
policy should be the provision of sufficient investment incentives that promote
facilities-based entry in order to foster facilities-based competition over NGA
networks. In other words, regulators should gradually incentivize the entrants to
invest in their own access infrastructures once the initial investor has deployed its
NGA network.

From the above analysis, it is concluded that there are three distinct phases in
the evolution of the telecommunications markets which directly affect the optimal
mixture of regulatory policy. These phases are: (i) the migration from a state
monopoly market to a competitive telecommunications industry; (ii) the migration
from service-based competition over copper access networks to service-based
competition over NGA networks; and (iii) the migration from service-based to
facilities-based competition over NGA networks. It is obvious that a different
regulatory policy is required to be implemented in each migration phase in order
to fulfill the desirable investment and competition outcomes of each phase.

In fact, each regulatory policy results in a different balance between static and
dynamic efficiency. The aim of this thesis is to discuss the optimal regulatory
intervention in each migration phase during the evolution of the
telecommunications networks. For this reason, the following three chapters study
the respective regulatory access pricing policy that should be implemented in
each migration phase in order to achieve the past, the current and the future
regulatory goal, respectively. In other words, this thesis studies the regulatory
policies that achieve the required balance between static and dynamic efficiency
that facilitates each migration.

In addition, this thesis contributes to each of the three distinct literature branches
that study the optimal regulatory intervention in each phase of access regulation
from the liberalization of the broadband markets to the promotion of facilities-
based competition over NGA networks. Figure 2 summarizes the past, the
present and the future state of telecommunications markets by discriminating
among the efficiency goals of access regulation in each migration phase and
allocating the contribution of this thesis to each literature branch.
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Figure 2: A graphical representation of the thesis
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Last, the following article, which is part of this thesis as well, proposes an
innovative approach to induce facilities-based competition over NGA networks.

1T M. Tsel ekouni s, D. Varout as, A AbasedS appr oa
competition oV ersubNi@l tonTeléconumuricationd Policy
(under 3" round revision), 2013. [31]

The above-mentioned research articles are extensively reviewed in the text and
are enclosed in Appendix A. The last chapter of this thesis concludes the main
policy implications drawn from the discussion about the past, the present and the
future state of the telecommunications markets and regulation, summarizes the
derived research results of the contributed research articles and proposes
directions for future research.

It should be also noted that the research towards the completion of this thesis has
led to the publication of some additional articles that are not at the centre of the
literature studying the optimal regulatory intervention in each migration phase
during the evolution of the telecommunications networks. These research articles
are enclosed in Appendix B without being reviewed in the text.
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2. FROM MONOPOLY TO COMPETITON: PROMOTING STATIC
EFFICIENCY

This chapter discusses the role of access prices in the pursuit of regulators to
facilitate the migration from a state monopoly market to a competitive
telecommunications industry. As it has been already stated in the introduction
section, the effectiveness of such migration is closely related to the ability of the
access prices to trigger the right amount of downstream entry and upstream
bypass. Therefore, in this migration phase, regulators should aim at achieving the
short-run goal of local loop unbundling to promote efficient entry. In other words,
the optimal access pricing policy should achieve static efficiency by promoting
sustainable service-based competition in the retail market.

In particular, this chapter initially presents the access pricing policy that promotes
both productive and allocative efficiency when a break-even constraint for the
incumbent does not bind (first-best) and when such constraint does bind (second-
best). Afterwards, it justifies the choice of European regulators to set the access
price at the marginal cost of providing the access and discusses its relationship
with the second-best access pricing policy. It should be noted that the main
advantage of cost-based access charges is that they give the correct make-or-
buy signals to entrants when bypass is a possibility. For this reason, the last part
of this chapter studies the impact of the competitive structure of the market on the
effectiveness of access prices to induce efficient make-or-buy decisions in terms
of both productive and allocative efficiency.

2.1 The first-best and the second-best access pricing policies

Consider a simple framework in which there is one vertically integrated incumbent

and anon-i nt egrated entrant t hat requires ac
infrastructures in order to compete with the incumbent in the downstream market.

In this case, the regulator has to determine the access price that achieves static
efficiency.

The benchmark situation is analytically provided by Armstrong, Doyle and Vickers
[6] and Valletti and Estache [32]. It is shown that a benevolent regulator, which
aims at maximizing social welfare (i.e. the unweighted sum of consumer surplus
and industry profits), has to set all prices (including access) to marginal costs.
This implies that the profit margin of the incumbent in both upstream and
downstream markets is zero since the access price is set at the marginal cost of
providing the access and the retail price at the marginal cost of supplying the final
product to consumers. As a result, the socially optimal (first-best) pricing policy
achieves allocative efficiency since retail prices are driven towards marginal cost
and enhances productive efficiency since the access is priced at cost.

However, it is obvious that such an access pricing policy leaves the incumbent
with zero profits. This implies that when the incumbent incurs significant fixed
costs in the provision of the access to the entrant, the first-best policy leads the
i ncumbent to have a | oss. I n fact, the in
supply sever al final services, and hence, an
incurs joint and common costs to the incumbent. Therefore, the regulators should
compensate the incumbents for such fixed costs through the access price. This
means that access seekers should contribute to the compensation of the
incumbent for the fixed costs related to the access provision. The literature has
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come up with different answers to this problem, according to the set of objectives
pursued by the regulator and to the number of regulatory tools being at the
regul ator@®3. di sposal

Concerning the benchmark situation in this case, it is shown by [6] and [32] that
the optimal theoretical access charge that maximizes social welfare subject to a
break-even constraint for the incumbent (second-best) is:

Access price = Marginal Cost of providing the access + Ramsey term

As a result, when there are fixed costs that should be covered in order to avoid
the incumbent from making negative profits, the access price should include an
access markup over the related marginal cost. The Ramsey term is inversely
proportional to the price elasticity of the demand for the final service, which
implies that customers of services that are not price sensitive are required to
contribute more to such recovery. It is thus obvious that every consumer
contributes to the recovery of fixed costs. Hence, like the benchmark situation in
the first-best access pricing policy, the optimal access prices are also derived
together with the prices of the final goods.

Nevertheless, it seems fair to say that in practice Ramsey pricing principles are
not often heeded for regulated retail tariffs, and access charges are left to correct
for the various resulting retail distortions [33]. In addition, the Ramsey charges
entail some specific drawbacks that make their practical implementation almost
impossible. Initially, there are some political and legal concerns. For example, the
incumbent may price discriminate among different downstream firms according to
the elasticities of demand of the services they supply. Of course, such
discrimination raises antitrust concerns. However, the most significant argument
against the use of Ramsey charges is the complexity of the derived access
markup formula which requires the knowledge of the different elasticities of
demand. For these reasons, policy makers implement simpler ways to determine
access charges, such as the cost-based access regulation.

2.2 Cost-based access regulation

According to Armstrong [33], the chief benefits of cost-based access charges are
two-fold. First, there is no need for information about the demand for the final
services. In particular, the only information needed is the cost of providing the
access which is needed for all reasonable access pricing policies. Second, cost-
based access regulation is the only access pricing policy that gives the correct
make-or-buy signals to entrants when bypass is a possibility. A third (less
significant) benefit of such prices is that they are fair and non-discriminatory. This
means that under cost-based regulation different entrants will not be offered
different wholesale terms by the incumbent. In conclusion, cost-based access
regulation is appropriate when access charges do not need to perform the
addi tional role of correcting for distortions

In practice, both in the United States (US) and in the European Union (EU) a light

regulation with unregulated retail prices combined with ex ante regulation of the

upstream access component has become dominant. The Telecommunications

Act of 1996 [34] passed by US Congress and administered by the Federal

Communications Commission (FCC) aswellast he Eur opean Commi ssi onoé
Regulation on Local Loop Unbundling [3] mandated unbundled access to the

metallic local loops of incumbent operators at cost-based prices.
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However, there are many factors that affect the measurement of the cost of
providing the access. The first methodological factor is the cost base employed.
In particular, assets may be valued at Historic Costs (HC) or Current Costs (CC).
The second methodological factor is the cost standard used. There are several
cost standards, such as Marginal Cost (MC), Long Run Incremental Cost (LRIC),
Long Run Average Incremental Cost (LRAIC), Total Service Long Run
Incremental Cost (TSLRIC), Total Element Long Run Incremental Cost (TELRIC),
Fully Distributed/Allocated Cost (FDC) and Stand-Alone Cost (SAC). Last, the
methodology or tool used to calculate costs is another source which leads to
differences in cost measurement. In fact, the two most widely used cost models
are the top-down approach and the bottom-up approach. It is thus obvious that
different combinations of cost bases, cost standards and costing approaches
result in completely different calculations of the cost of providing the access.*

The European Commission indicated the LRAIC as the preferred costing
methodology, which is a TSLRIC-type approach. On the other hand, the FCC
adopted the TERLIC to implement the Telecommunications Act of 1996. The
building block of both cost standards is LRIC, which reflects the incremental costs
that arise in the long run with a specific increment in volume of production.
Therefore, both LRAIC and TELRIC are forward-looking approaches in the sense
that they estimate the costs of rebuilding specific element of network using
current technology and best available performance standards. For this reason, it
is said that LRIC-type approaches are based on the costs of an efficient firm. In
addition, both LRAIC and TELRIC are based on incremental costs, which equal
marginal costs for small output changes but may differ substantially from marginal
costs if they include large output changes up to entire services. Incremental cost
pricing is relevant for entry decisions, whereas marginal cost pricing is relevant
for decisions to expand output [35].

Although incremental cost access pricing encourages efficient entry, it does not
include any service-specific fixed cost or joint and common/shared costs.
Therefore, prices based solely on LRIC are generally considered to be too low
and to not sufficiently compensate the incumbent for any additional costs resulted

from the entrant terminating and originat

For this reason, the European Commission adopted the LRAIC costing

met hodol ogy in which the term fAaveragebo

increment as the total service. Hence, LRAIC includes the service-specific fixed
costs. On the contrary, the FCC adopted the TELRIC costing methodology which
allows the allocation of certain joint and common costs that do not vary with the
presence or absence of the element in question. It should be also noted that
many European regulators adopted access pricing based on incremental cost
with limited markups that account for an allocated part of joint and common costs.
The rationale of this policy is similar to that of the second-best access pricing
policy: the incumbent should break even. The difference is that although
regulators generally set uniform markups to promote competition, the application
of Ramsey principles suggests that a non-uniform markup may be more
economically efficient [35].

In conclusion, the short-run goal of mandating unbundled access to the local
loops of the incumbent at cost-based prices (regardless of the particular
methodology employed to calculate such cost) was to promote efficient entry by

* An excellent definition of the cost bases, the cost standards and the costing approaches used in
telecommunications is provided by [97].
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alternative operators. Indeed, cost-based access regulation has led to improved

service-based competition in many European countries®, and hence, they do not

need to perform the additional role of <correc
retail tariff. As a result, it seems that consumers enjoy the welfare gains from

static efficiency (i.e. existing assets were used efficiently and prices were driven

towards marginal cost).

However, this expectation lacks of theoretical justification since academic
research has focused on studying the i mpact
incentives to undertake the productively efficient make-or-buy decision. The

following papers, which are part of this thesis, contribute to the related literature

by studying the conditions under which (cost-based) access prices induce the

entrant to undertake the efficient make-or-buy decision in terms of both

productive and allocative efficiency.

1T M. Tsel ekouni s, D. Varout as, and D. Mart akoc
make-or-b uy d e c Dosirhabaf Regudatory Economics, vol. 41, no. 2, pp.
238i 268, Sep. 2012. [26]

1T M. Tsel ekouni s, D. Varout as, and D. Mart ako
prices from a r egul Bth Ioteryatiorale cordepeace ton v e , 0 i n
competition and regulation (CRESSE), 2-4 July 2010, Chania, Greece. [27]

These papers are enclosed in Appendix A and reviewed in the next section which
surveys the literature that studiesthe | mpact of access prices o
incentives to undertake the efficient make-or-buy decision.

2.3 On the social optimality of make-or-buy decisions

Many economists argue that cost-based access prices encourage the right

amount of entry, and hence, lead to service-based competition in the downstream

market which, in turn, results in lower prices, higher quality and higher social

welfare. On the contrary, Sappington [36] shows that input (or access) prices are

irrelevant for an entrantos deci sion t o ma k e or
downstream production when the competition between the providers in the

downstream market is described by the standard Hotelling model. According to

Sappington, the reason for this striking result is that previous studies fail to take

into account the | mpac-br-buyfdecision anesubsequertt r ant 6 s m
retail price competition. When the incumbent sells an upstream input to the new

entrant, the incumbent faces an opportunity cost of expanding its retail output.

The incorporation of this opportunity cost I
the incumbent act as if its upstream cost of production were equal to the specified

input price. Therefore, regardless of the input price, the entrant will choose to buy

(respectively, make) the upstream input whenever the incumbent (respectively,

entrant) has an innate upstream cost advantag
always minimizes industry costs and ensures efficient entry and utilization of the
telecommunications infrastructure. Thus, the entrant always undertakes the

productively efficient make-or-buy decision.

In addition, Tselekounis, Varoutas and Martakos [27] complement the work of
Sappington by studying the effectiveness of input prices on inducing the entrant

®> For example, the market share of the Greek incumbent operator (OTE) has declined from 100%
in 2001 to 44.2% in the end of 2011, whereas the wholesale price for full unbundling has declined
from 12.604/ month in 2002 to 9. 1®8,®P)Pnt h in the end of 2
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to undertake the socially optimal make-or-buy decision. They show that input
prices do not have an impact on social welfare. The reason is that a marginal
increase (decrease) in the input price causes a unit increase (decrease) in the

incumbentdéds profits and a unit decrease (

welfare is the unweighted sum of industry profits and consumer surplus, it is thus
not affected by a marginal change in input prices. Therefore, input prices are

irrelevant not o prbdyctively efficienthmeake-ersbly rdecisiond
but also for the regulatords goal t o
show thatregardl ess of the established price

decision to buy (respectively, make) the upstream input from the incumbent is
socially optimal when the incumbent (respectively, entrant) is the least-cost
supplier of the input. As a result, in the equilibrium of the Hotelling model, the
entrant undertakes the efficient make-or-buy decision in terms of both productive
and allocative efficiency regardless of the regulated input price.

However, these results are found to be strongly dependent on the particular
model of downstream competition. In particular, Gayle and Weisman [37]
consider the i mpact of i nput prices
productively efficient make-or-buy decision under alternative downstream
interactions. They show that input prices are not necessarily irrelevant in the
Bertrand vertical differentiation model and are not irrelevant in the Cournot model.
In addition, cost-based input prices always result in the productively efficient
outcome. This implies that any departure from cost-based input prices may distort
the efficiency oft he e nt r aonhuydecisioa k e

Tselekounis, Varoutas and Martakos [26] study the robustness of the result
concerning the irrelevance of input pricestotheent rant 6s i ncen
the productively and allocatively efficient make-or-buy decision when the
downstream competition is not characterized by the Hotelling model but
downstream interactions are better described by the Cournot or the Bertrand
vertical differentiation competition model. They find that the social optimality of
t he ent r aorbuy glecisiva kseaffected by two crucial factors: (i) the
particular level of the price of the upstream input; and (ii) the cost differential
betweenthe i ncumbent 6s and the entrantos

input. For this reason, they obtain the range of input prices and upstream cost
differential that induce the entrant to undertake the socially desirable decision.
They conclude that the ent r ant 6 s pr oduct-onbeayldgcisianfisf
socially optimal for the set of input prices that induce the entrant to undertake the
efficient decision in the case of Cournot competition and is not necessarily
socially optimal in the Bertrand vertical differentiation model.

It is thus obvious that the particular model that describes the competition in the

S
ma X
of |

tive:

uni t

i ci e

downstream market as well as eac h provider os efficienc
upstream input have a significant impact on the social optimality of the ent r ant ¢

(efficient) make-or-buy decision. This implies that regulators should have perfect

information about each providerds unit CC
the way that the two providers compete in the downstream market in order to
draw their optimal access pricing policy. However, when the only goal of
regulators is to achieve static efficiency, they should simply set the input prices at
the incumbentodés margi nal cost of producir

of [26] show that regardless of the type of competition, cost-based access prices
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lead the entrant to undertake the productively efficient make-or-buy decision
which is also socially optimal.®

2.4 Summary

Chapter 2 presented the access pricing policy that facilitates the migration from a
state monopoly market to a competitive telecommunications industry. This implies
that such optimal (first-best) access pricing policy encourages the right amount of
downstream entry and upstream bypass leading to service-based competition
over copper access networks (i.e. achieves static efficiency). In addition, it
showed that the first-best policy is not feasible in practice, and hence, it
discussed alternative regulatory policies that improve static efficiency. Particular
attention was paid to cost-based access prices since they were chosen by many
regulators in the US and in the EU. The main reason for such choice was the fact
that pricing the access at cost gives the correct make-or-buy signals to entrants.

Indeed, the related literature concludes that although the particular model that
describes the competition in the downstream market has a significant impact on
the social optimality of theentrant 6 s pr oduct i v-eribyy dexisidnjiitci ent mak
does not affect the ability of cost-based access prices to induce the entrant to
undertake the make-or-buy decision which achieves both productive (i.e.
minimization of industry costs) and allocative efficiency (i.e. maximization of
social welfare). Therefore, cost-based access prices fulfilled the past regulatory

goal of promoting service-based competition over copper access networks.

However, the introduction section made it clear that both technical and economic
reasons call for investments in NGA networks. This implies that the current goal
of regulatory agencies is to encourage investments in NGA networks without
distorting the subsequent competition outcomes. The next chapter discusses the
optimal access pricing policy that promotes the current two-fold regulatory goal.

® With the exception of an extreme case in the Bertrand vertical differentiation model where the
incumbent is much more efficient than the entrant in providing the access.
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3. FROM COPPER TO FIBRE: PROMOTING SERVICE-BASED
COMPETITION OVER NGA NETWORKS

This chapter discusses the role of regulators during the migration from copper
access networks to fibre-based access networks. In particular, this chapter
discusses the current goal of regulators to provide firms with significant incentives
to invest in NGA networks without distorting the subsequent competition level.

After making a short introduction to the main technological aspects of NGA
networks, this chapter presents the economics of NGA which conclude that cost-
based access prices promote efficient entry and sustainable service-based
competition within one network but discourage both incumbents and entrants to
invest in new access infrastructures. This fact reflects the standard trade-off
between static and dynamic efficiency. For this reason a short analysis
concerning the economic rationale for deviating from cost-based regulation with
regard to NGA is made.

The most prominent example of such deviation is the regulatory framework
proposed by the EC Recommendation on regulated access to NGA [38] which is
critically reviewed in this chapter. In addition, this chapter surveys the literature
that studies the efficiency and other performance implications of new regulatory
approaches that depart from the main principles governing the regulation of the
copper access networks (i.e. permanent regulation of the access at usage cost-
based prices). This means that such departure may concern the regulatory
regime employed (i.e. non-permanent regulation) and/or the characteristics of the
access pricing formula (i.e. non-usage-based or non-cost-based access prices).

However, the regulators have significant incentives to deviate from an access
policy that encourages private investment incentives by implementing the access
policy that promotes competition once the deployment of the NGA network has
been made. This thesis models the fact that the regulator might deviate from an
access pricing rule that compensates the incumbent for the NGA investment risks
through an investment-contingent access price and instead set the access price
at the marginal cost of providing the access. Therefore, the impact of regulatory
uncertainty on an i ncumbent 0socially optimal
investments in NGA infrastructures is examined.

Nevertheless, particular attention has received the implementation of the
Aregul atory holidayso access regi me,
any regulatory constraints for a pre-determined period of time. The reason for

unde

such particul ar attention is the I mpl eme

broadband markets and the dispute between the German government and the
European Commission (EC) about the power of national legislation (which
envisioned the provision of Mfhaccess
to limit the discretionary powers of the national regulator in its exclusive right to
assess whether markets should be regulated or not under EU rules [39].

Obviously, such a regulatory policy provides significant investment incentives but
also ambiguous outcomes in terms of social welfare. This thesis contributes to

the debate about t he ef f ectinpaidrg efficierd f

outcomes by studying: (i) the impact of geographic price discrimination on an

hol i d

ir

unregul ated monopoldloy alarger NGA aietwork and ersthet o  d

subsequent social welfare outcomes; and (ii) the optimal decision of an
unregulated operator to deploy different quality NGA technologies in geographic
areas which differ in their population density.

45 M. Tselekounis



Modeling the regulatory intervention in the telecommunications market

3.1 A short introduction to NGA networks

According to the EC Recommendation [38], NGA networks means wired access
networks which consist wholly or in part of optical elements and which are
capable of delivering broadband access services with enhanced characteristics
(such as higher throughput) as compared to those provided over already existing
copper networks. In most cases NGAs are the result of an upgrade of an already
existing copper or coaxial access network.

This general definition implies that fibre optics can replace any part of the copper
local loop. However, technical restrictions considerably limit the available NGA
architectures. Depending on the part of the copper wire being replaced, there are
certain NGA architectures, the most common of which are: (i) Fiber-to-the-Curb
(FTTC); and (ii) Fiber-to-the-Home (FTTH).

Regarding the FTTC architecture, t he
office to the intermediate node (street cabinet) that serves an entire neighborhood
exclusively consists of optical fibre. The access of each end-user up to the switch
of the street cabinet is realized using the standard copper cables used for the
PSTN network and Very High Speed DSL (VDSL) technology over copper cables.
Depending on both technology and distance, end-users experience symmetric or
asymmetric data rates of up 100Mbps according to the copper length.

The FTTC architecture provides the incumbent with the advantage of connecting
its subscribers to existing copper cable infrastructure in the first mile. Additionally,
it has lower capital requirements since the NGA investment is done only in part of
the access network. However, it has limited time frame since there is a need for
capacity doubling every two years.

According tothe FTTHar chi t ect ur e, the path from

office to the end user exclusively consists of optical fibre. The fibre is terminated
inside the home or the workplace of the end-user. Therefore, each device at the
subscriber premises is connected through a dedicated optical fibre to a switch
port located at the central office or to the optical splitter which, in turn, is
connected to the central office via a single feeder fibre.

Three FTTH technologies are mature enough to use in an NGA investment. The
choice of each technology depends on the type of the transmitted service, the
infrastructure cost, the existing infrastructure and future plans towards new
technologies.

1 Gigabit Passive Optical Network (GPON). In GPON scenario a first
aggregation switch is located in the cabinet between the central office and the
user premises. In passive optical networks, each customer is connected to the
optical network via a passive optical splitter.

1 Point-to-Point (P2P). Active Ethernet, also known as Ethernet Switched
Optical Network (ESON) or Point to Point (P2P) network provides a dedicated
optical fibre from the outdoor active equipment to each end-user.

1 Point-to-Point Ethernet (P2PE). In P2PE scenario a first aggregation switch
is located in the cabinet between the central office and the user premises. The
architecture is similar to the one of GPON with the difference that there is
active equipment in the cabinet.
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Figure 3: Different NGA architectures (source: [40])

3.2 The economics of NGA

This section makes a short introduction to some specific economic aspects of
NGA investments which should be taken into account during the assessment of
the level of access prices that encourage the migration from service-based
competition over copper access networks to service-based competition over NGA
networks.

3.2.1 The riskiness of NGA investments

Investments in NGA networks not only require a high initial fixed cost, but also
are mainly sunk once they have been made. This implies that there are many
factors influencing the riskiness of an NGA investment project, the most
significant of which are [38], [41], [42]:

1 Demand uncertainty. This type of uncertainty is related to the uncertainty
about future demand for the new fibre-based services. In particular, it includes
the uncertainty about: (i) the penetration of the customer base; (i) the
consumers © wi |l I i ngness t o -basadysenficesr (iii)tmarket
dynamics and the evolving competitive situation, such as the degree of
infrastructure-based and/or cable competition; and (iv) the market shares of
the investor and the access seekers.

It is obvious that the higher the penetration of the potential customer base, the
higher the profitability of the investment becomes. Moreover, if the penetration
does not reach the critical mass that is required for the creation of the new
fibre-based services market, the NGA investment may not even be profitable
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at all. In addition, intense facilities-based competition due to the existence of
competing network platforms, such as cable networks, increases the risk of

both penetrati on a mate. Furthermwd, the dd-existenge k e t

of a remaining copper network DSL platform and a new fibre NGA platform
increases the risk of the future demand for the new fibre-based services. In
particular, the higher the migration period from copper-based services towards
NGA-based services, the higher the risk of the penetration of the new NGA-
based services. Last but not least, although it is expected that the willingness
to pay for the new services will be higher than for the existing ones (since the
former offer improved characteristics, such as better quality and higher data

rate), It i's doubtf ul that this increase

sufficient for recovering the investment cost.

1 Regulatory uncertainty. According to [38], regulatory certainty is a key to
promoting efficient investments by all operators. Applying a consistent
regulatory approach over time is important to give investors confidence for the
design of their business plans. Regulatory certainty is provided by fixing the
principles of tariff regulation for the whole period of the economic lifecycle of
an NGA investment. However, regulatory certainty bears the risk of erroneous

intervention stemming from the argument

may be mistaken. In fact, it is socially not optimal for the regulator to make ex
ante commitments for an unreasonably long regulatory period [42]. Therefore,
in providing greater regulatory certainty the regulator has to make another
trade-off between the positive effects of greater certainty on investment
incentives and possible negative effects of erroneous intervention on welfare

[43]. As a result, regul atory wuncertai

ability to make ex ante credible commitments. In order to mitigate the
regulatory uncertainty associated with periodical market reviews, National
Regulatory Authorities (NRAs) should clarify to the greatest extent possible
how foreseeable changes in market circumstances might affect remedies.

1 Systematic risks. Systematic risk is the variability in outcome caused by
macro-economic or economy wide events. This type of uncertainty includes
the macro-economic uncertainty relating to the general development of the
whole economy and the changes in exchange and interest rates as well as the
uncertainty related to technological progress and the costs of deployment.

Considering the significance of the factors affecting the riskiness of an NGA
investment project, we would acknowledge the reasons that make potential
investors reluctant to invest in NGA networks unless they are reimbursed for the
risk they incur when investing in such networks. It is thus expected that cost-
based access prices will not provide potential investors with incentives to deploy
NGA networks since, under this regime, the investors bear the whole risks of the
NGA deployment. The next section reviews the literature that studies the impact
of cost-based access prices on promoting investment in network upgrade in order
to assess whether such expected negative relationship is scientifically proven.

3.2.2 Cost-based regulation of access to NGA networks

A significant part of the literature studying the relationship between access
regulation and investment in network upgrade tries to develop theoretical and
empirical models in order to assess the impact of cost-based access prices on
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promoting both static and dynamic efficiency.” Although a cost-based access
pricing policy is clearly beneficial in the short term, Jorde, Sidak and Teece [44]
provides a detailed economic analysis to show that mandatory unbundling at
cost-based prices, such as those based on TELRIC methodology, cannot serve
as a stepping stone from service-based to facilities-based competition because it
distorts the investment decisions of both incumbents and entrants. In particular,
the incumbents are adversely affected to upgrade existing facilities or to invest in
new ones, whereas the entrants are encouraged to deviate from the socially
optimal level of investment and entry. Therefore, when firms invest under
regulatory certainty (i.e. the regulator sets the access price prior to the investment
decisions), cost-based access prices achieve static efficiency but fail to promote
dynamic efficiency.

However, when firms consider that the regulator cannot make ex ante credible
commitments, which implies that they invest prior to the regulation of the access
(i.e. under regulatory uncertainty), they expect that the regulator will set the
welfare-maximizing policy (i.e. cost-based access prices) once the NGA network
has been in place [45]. In a such non-commitment setting, Foros [46] studies the
impactofcostbased access regul at icentivesotaminvesnin i nc u
network quality in the presence of spillover effects. He shows that cost-based
access prices discourage the incumbent to invest in network quality unless it is
much more efficient than its rivals in the downstream market. In the latter case, it
may use overinvestment as an alternative foreclosure tool. In addition, Kotakorpi
[47] points out that, under cost-based regulation, the incumbent underinvests in
relation to the socially optimal level.

Although most theoretical studies conclude that unbundling of the local loop at
usage (forward-looking) cost-based prices has a negative impact on an
i ncumbent s incentives to invest in new i
mixed results. A significant part of these empirical findings use data from the US
market in which the access prices are set according to the TELRIC methodology.
Ford and Spiwak [48] analyze the 2002 and 2003 local loop rates in order to
show that access prices based on TELRIC are associated with increased
availability of broadband services and increased availability of competitive
broadband services. Thus, such an unbundling policy dampens neither

broadband availabi | i ty nor i ncumbent s [49usessUSme nt
annual data over the 1992-2002 period and finds that that the elasticity of an

i ncumbent 6s i nvest ment wi t h respect t o
reduction in TELRIC prices may be expected to lead to an increase in

i ncumbent 0s I nv es 2.9 and 2.9%4. Heboe,t these studies

support that low access prices incentivize incumbents to invest in network
upgrade in order to protect their market shares.

Many other empirical studies argue that mandatory unbundling distorts the
i ncumb e n tvesdo investc @hany, iKoski and Majumdar [50] use annual US
data from 1994 through 1998 to show that lower access prices provide the US
incumbents with disincentives to invest. In addition, Ingraham and Sidak [51]
study the daily returns of the three largest US incumbents (BellSouth, SBC
Communications, and Verizon) from January 1996 to December 2002. Their
empirical findings support that mandatory unbundling at TELRIC prices has
decreasedthe US i ncumbentsdé incentives to inves

" See Cambini and Jiang [100] for an excellent review of the theoretical and empirical literature

on the relationship between broadband investment and regulation.
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data from five countries (the USA, the UK, New Zealand, Canada and Germany)
over the 1993-2003 period show that mandatory unbundling of the local loop
leads the incumbents to decrease their capital expenditures [52].

Contrary to previous results, Friederiszick, Grajek, and Roller [53] use a
comprehensive panel data set (180 fixed-line operators in 25 European countries
observed from December 1997 to December 2006
investments in network upgrade are relatively indifferent to the unbundling policy
that boosts entry by alternative operators. However, Grajek and Roéller [54] using
almost the same data set show that when the econometric model accommodates

the strategic interaction of entrant s 6 and i ncumbeastwall@sannvest ment
endogenous treatment of regulation, then it results in a significant negative effect
on the incumbentsd incentives to invest i n N

study, Garrone and Zaccagnino [55] carry out an empirical analysis on a sample
of incumbents from 27 OECD countries (1993-2008 period) and show that
mandatory unbundling that boosts service-based competition reduces the
incumbent 6s i nc eunless a eestaintdegred ai rivalry has already
emerged in the markets.

As Jung, Gayle and Lehman [56] pointout,alt hough an i ncumbentdés i nc
i nvest I's positively related to the entrants
absolute number of entrants, this competitive effect becomes weaker in a

dynamic framework. Therefore it is uncertain whether competition spurred by

mandatory unbundling encourages investments in new infrastructures by the

i ncumbent s. However, the i mpact of such unbit
incentives to invest in alternative access infrastructures in order to be facilities-

based competitors is unambiguously negative.

Friederiszick, Grajek and Roller [53] also assess the impact of unbundling on the

e nt r a nestrdents in alternative infrastructures. They find that entry regulation

provides entrants with disincentives to invest since they show that entrants would

more than double their infrastructure over 5 years if they had no regulated access

to the incumbentsé | oc al | oops. [B ase alkostdhe dgam&R° | | er
comprehensive data set to confirm that easier access pushes entrants towards

service-based competition even if the econometric model accommodates the
strategic interaction of ent rasamwellsa8 anand i ncur
endogenous treatment of regulation. According to Valletti [8], the reason for such

negative relationship between an access policy that promotes efficient entry and

the entrantodés incentives to invest in altern;
entrants, who can free-r i d e on t he i ncumbent &s net wor k,
incumbent to invest in access infrastructures and then seek access.

The main conclusion from the above analysis is that an access pricing policy that
boosts efficient entry and promotes service-based competition within one network
(such as cost-based access prices) not only discourages incumbents and,
especially, entrants to invest in new facilities, but also results in a substantial
deviation from the socially desirable outcomes in terms of network deployment
and timing of investments, implying significant losses in dynamic efficiency [23].

The next section discusses the conditions under which a deviation from
regulating the NGA access at usage cost-based prices is socially optimal in the
sense that it may mitigate the trade-off between static and dynamic efficiency.
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3.2.3 The economic rationale for deviating from cost-based regulation

According to the EC [38] ithe EU single market for electronic communications
services, and in particular the development of very high-speed broadband
services, is key to creating economic growth and achieving the goals of the

Europe 2020 strategy. The fundamental role of telecommunications and
broadband deployment in terms of EU investment, job creation and overall
economic recovery was notably highlighted by the European Councilo . I n addit
referring to work undertaken by the OECD [57], the EC [58] st at e gshetostat A
savings in just four sectors of economy (transport, health, electricity and
education) would justify the construction of a national FTTH networko It is thus
obvious that fthe social benefits from investment in digital infrastructures by far

exceed the private incentive for investmento [59]. The reason is that like many
infrastructure investments, NGA networks may create positive spillover effects

t hat are not captured in any individual
clear public policy case for governments to facilitate the roll out of NGA networks

by reducing the risk for the investor [60].

Recent empirical studies have tried to quantify the positive impact of investing in
broadband infrastructures on the main economic and social indices, with the
research focus shifting towards the impact of higher speed services. Considering
that broadband penetration may be endogenous to the growth process, Czernich,
Falck, Kretschmer and Woessmann [16] estimate the effect of broadband
infrastructure investments on economic growth in the panel of OECD countries in
19961 2007. They find that after a country had introduced broadband, GDP per
capita was 2.71 3.9% higher on average than before its introduction. In terms of
subsequent diffusion, an increase in the broadband penetration rate by 10
percentage points raised annual growth in per capita GDP by 0.97 1.5 percentage
points. Furthermore, Katz, Vaterlaus, Zenhdusern and Suter [18] estimate the
impact of broadband infrastructure investments on German employment and
economic output, followingt he government ds Nati onal Br
extends through 2014 and the subsequent ultra-broadband evolution from 2015
to 2020. They find that a total investment of close to 36 billion euros in broadband
infrastructures would generate a total of approximately 1 million incremental jobs
and an additional value added of 33.4 billion euros, while network externalities
would result in an additional 137.5 billion euros. In total, this results in 170.9
billion euros of additional GDP (0.60% GDP growth) in Germany.

The main conclusion of the above analysis is that when there are significant
social benefits stemming from NGA investments but the private investment
incentives are weak, the regulator should reduce the investment risk in order to
encourage the wide deployment of NGA networks. This view is also expressed in
the Digital Agenda for Europe [61]: witfiout strong public intervention there is a
risk of a sub-optimal outcome, with fast broadband networks concentrated in a
few high-density zones with significant entry costs and high prices. The spill-over
benefits created by such networks for the economy and the society justify public
policies guaranteeing universal broadband coverage with increasing speedso .

Considering the positive impact of NGA investments on the economy and the
inappropriateness of cost-based access prices for promoting such investments,
the European Commission (EC) issued a Recommendation on regulated access
to NGA providing the NRAs with guidelines for tackling the trade-off between
fostering competition and promoting investments with regard to NGA networks.
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3.3 A critical review of the EC Recommendation on regulated access to
NGA networks

This section presents the main principles of the EC Recommendation on
regulated access to NGA [38] and discusses its effectiveness on achieving its
pr i mar yo fagterahle defielopment of the single market by enhancing legal
certainty and promoting investment, competition and innovation in the market for
broadband services in particular in the transition to next generation access
networkso . According to the Recommendat.
Significant Market Power (SMP) is found within Market 4 (market for wholesale
network infrastructure access) and/or Market 5 (wholesale broadband access), an
appropriate set of remedies should be applied.

The building block of the Recommendation is the fact that when investments in
non-replicable physical access are not specific to the deployment of NGA
networks (and do not entail a similar level of systematic risk), the risk profile
should not be considered to be different from that of existing copper
infrastructure. In this case, the access is also regulated at cost-based prices
which imply a reasonable return on capital employed. On the contrary, when
investments in non-replicable physical access are specific to the deployment of
NGA networks, the investor should be compensated for any additional and
guantifiable investment risk incurred by investing in NGA networks. Such
compensation takes place by including an access markup, which reflects the
additional risk of the NGA investments, in the Weighted Average Cost of Capital
(WACC) calculation currently performed for setting the price of access to the
unbundled copper loop.

Therefore, the access to NGA networks is regulated at cost-based prices which
include a risk premium that compensates the investor for any additional and
guantifiable investment risk. According to the Dutch Regulatory Authority (OPTA),
the total access price includes four elements [62]:

1 The cost of providing the access to the NGA networks.

1 The WACC applicable to the existing copper local loop. In the course of time
this WACC is expected to fluctuate relatively little.

1 The fibre premium which is a premium to the WACC for the copper local loop
that takes account of the uncertainty about future demand for fibre-based
services and the systematic risks of NGA investments. It is expected that the
fibore premium will be higher at the beginning of the investment and will
decrease gradually in the course of time as uncertainty over the demand for
new fibre services decreases.

1 The regulatory risk premium which compensates the investor for the
regulatory uncertainty.
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Figure 4: Cost-based access price including an all-risk premium (based on [62])

In addition, criteria such as the existence of economies of scale, high retail
market shares, control of essential infrastructures and privileged access to equity
and debt markets are likely to mitigate the risk of NGA investment for the SMP
operator, and hence, should lead to a decrease in the access price. More
interestingly, additional mechanisms serving to allocate the investment risk
between investors and access seekers and to foster market penetration, such as
ex ante and ex post contracts, could also be used. In such cases, the risk
premium is reduced accordingly. The recommended risk-sharing mechanisms
are:

1 Volume Discounts. This scheme is based on the fact that the investment risk
decreases with the total number of fibre loops already sold in a given area.
Under this scheme, access prices vary in accordance with the volume
purchased. Once the access seeker reaches some pre-determined
thresholds, it has access to lower access prices. The higher the threshold is,
the lower the access price becomes. Hence, volume discounts incentivize
access seekers to increase their retail activities and decrease the investment
risk incurred by the investor. This, in turn, leads to higher investments and to a
more intense competition in the retail market.

1 Long-term contracts. This scheme is also based on the fact that investment
risk decreases with the total number of fibre loops already sold in a given
area. Unlike volume discounts, long-term contracts are related to an ex ante
commitment from the access seeker for using a certain number of fibre loops
for a certain period of time. It is reasonable that long-term access contracts
would be priced at a lower level per access line than short-term access
contracts since the longer the commitment, the lower the investment risk
incurred by the investor.

It can be deduced that long-term contracts provide more certainty to the investor
than volume discounts because long-term contracts are related to an ex ante
commitment, whereas volume discounts becomes valid ex post. Therefore, the
former risk sharing scheme provides more incentives for NGA investments than
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the latter. Furthermore, long-term contracts incentivize the access seeker to
increase its retail activities in order to fulfil its commitment. It can be argued that
the access seekerods effort to increa
case of long-term contracts than volume discounts because in the first case the
access seeker strives to reach a certain market share in the retail market (or fulfil
its commitment that provides it with a low access price which is lower than
volume discounts), whereas in the second case it strives to take a discount
without having made any commitment. Therefore, it is expected that long-term
contracts rather than volume discounts will lead to more intense competition
between the operators that participate in a risk sharing scheme. It should be
noted that long-term contracts give the opportunity to alternative operators to
compete with the investor not only in the retail market, but also in the wholesale
market by reselling the long-term capacity (if not prohibited or restricted by the
contractual arrangements or the NRAS).

In conclusion, the EC envisions that a cost-based access price that includes a
risk premium for compensating the investor for NGA specific-risk strikes a
balance between on the one hand providing adequate incentives for undertakings
to invest (implying a sufficiently high rate of return) and promoting allocative
efficiency, sustainable competition and maximum consumer benefits on the other
(implying a rate of return that is not excessive). It can thus be deduced that the
current goal of the regulatory policy in Europe is to promote sustainable service-
based competition over NGA networks. Given that the prospective investors in
NGA networks (and probably the SMP operators) are for large part the former
incumbent operators [42], [43], the regulatory goal is to provide the incumbents
with significant incentives to invest in new fibre-based access networks and foster
competition in the retail market.

European Telecommunications Network Operat or s Associ at.i
comprises most of the European incumbents, had already argued that the
proposed risk premium will not solve the lack of incentives for widespread NGA
roll-out in Europe [63]. The first reason is that a risk premium removes the
structural disadvantages of investing only when the NGA investment turns to be
successful. Otherwise, the incumbent has to bear all the cost alone since the risk
premium does not have any i mpact on
the second reason, even if the probability of success is relatively high, the
proposed risk premium does not reflect the structural cost advantage of the
second-movers (or, the access seekers) over the investors. Firstly, the second
mover can choose between a fixed and a variable cost structure when facing
demand uncertainty, heterogeneity, geographical differences and demand
evolving over ti me. This o@gbiugn. i Sew
access seeker can exit the market at low cost (before making its own
investment), whereas the investment of the first mover is typically sunk. Thirdly,
the second mover has the option to enter the market once the critical mass has
been created. This opand-s6eaoi sl knawdi @&
premium results in higher wholesale revenues for the investor, raising prices for
the new infrastructure may lead to a competitive disadvantage of NGA networks
vis-a-vis competing platforms and the existing copper network that often will
coexist with NGAs for some time.

On the other hand, European Competitive Telecommunications Association
(ECTA), with members the majority of the European alternative service providers,
argues that alternative operators are in a similar position as the incumbent
operators [42]. In particular, ECTA argues that alternative operators invest in all
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network elements that are replicable and they seek access to network elements

that are not replicable. These investments can be also characterized as sunk.
Further mor eand-steleed fowdiiton i s not costl ess
operator decides to enter the market later, the first mover will have already taken

over the most interesting part of the market. Hence, it becomes more difficult or

more costly for the alternative network operator to reach the critical market share
which is necessary for its viabuyotgptiLarmns
of low interest in the case of NGA, and especially in the case of FTTH, because

the degree of replicability of such networks is very limited. ECTA concludes that

the risk premium should only reflect the uncertainty about future demand for new
fibre-based services and the regulatory uncertainty. Moreover, the reduction of

risk for the investor due to the adoption of risk sharing schemes should be
reflected in the risk premium and there should be a sufficient margin between
wholesale and retail prices to avoid margin squeeze.

It is thus obvious that there is high ambiguity about the effectiveness of a risk
premium on encouraging the incumbents to invest in NGA networks and fostering
service-based competition over NGA networks. However, the main innovation of
the EC Recommendation is that it deviates from the traditional regulation of the
access at cost-based prices by including an access markup into the access
pricing formula. The next section reviews the research articles that shift their
focus from studying the impact of the principles governing the regulation of the
copper access networks on static and dynamic efficiency to the deployment of
new regulatory approaches that may promote both static efficiency and
investments in NGA networks.

3.4 The efficiency implications of alternative regulatory approaches: A
literature review

The previous section showed that the current regulatory goal is to encourage the
incumbent to invest in new fibre-based access networks and simultaneously

promote service-based competition over such networks. The official proposal
described by the EC Recommendation states
NGA network should be provided at cost-oriented prices including a risk premium

to reflect any additional and quantifiable investment risk incurred by the investor.

Risk allocation mechanisms, such as long-term access pricing and volume
discounts, which decrease the risk that an investor incurs when investing in NGA

networks, lead to a respective decrease in the risk premium.

This section reviews the literature that provides alternative regulatory practices
which aim at achieving the current regulatory two-fold goal. This implies that such
regulatory approaches deviate from implementing the principles governing the
regulation of the unbundled copper loop to the regulation of the access to NGA
networks. In other words, the proposed approaches depart from regulating the
NGA access at usage cost-based prices which are designed to stimulate
competition in the market by facilitating entry of alternative operators at the cost
of dynamic efficiency. Therefore, this departure can take three different forms:

1 Deviation from cost-based access prices. This deviation concerns the access
pricing policy.

91 Deviation from the permanent regulation of access. This deviation concerns
the regulatory regime employed.
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1 Deviation from usage access prices. This deviation concerns the access
pricing formula.

The next sections classify the research articles that propose alternative regulatory
approaches according the form of deviation from the permanent regulation of
NGA access at usage cost-based prices and discuss their performance and
efficiency implications.

3.4.1 Deviation from cost-based access prices

The EC Recommendation provides a first approach that deviates from the
standard cost-based access pricing policy since it proposes the inclusion of an
access markup into the access price in order to compensate the incumbent for
the NGA investment risk. A second significant deviation discussed in the related
literature concerns the regulation of the access to NGA networks at investment-
contingent access prices. Such prices are dependent on the level of the
investment, and hence, higher NGA deployment results in higher access prices.
Therefore, the investor is compensated for the higher uncertainty of an NGA
deployment in more rural areas and/or a fibre deployment closer to the
consumer sd premises.

A first set of papers studies the effectiveness of particular investment-contingent

access prices on encouraging the incumbent to undertake the socially optimal

investments in NGA networks (i.e. encouraging the incumbent to invest in NGA

networks and simultaneously achieving static efficiency) under regulatory

certainty.® For this reason, these papers assume that the regulator can make ex

ante credible commitments, and hence, the regulator sets the access price prior

to the investment decisions. In this context, Henriques [64] and Sauer [65] show

that contrary to a fixed access charge, an ac
(non-overlapping) investments can implement the socially efficient investment

level. This outcome holds either if the access charge depends on the investments

of both the incumbent and the entrant (for mer
investment level (latter article).

Although this modeling setup is consistent with the EC Recommendation on
regulated access to NGA, it is widely known that the regulator has significant
incentives to deviate from an investment-contingent access price (once the
investments are in place) by setting the access price at the marginal cost of
providing the access in order to maximize social welfare. As a result, a second
set of papers studies the impact of access regulation on investment incentives
and retail competition under regulatory non-commitment. In this case, it is
assumed that the regulator cannot make ex ante credible commitments, and
hence, the firms invest prior to the regulation of the access.

® In a static framework (or in a hypothetical world of economic certainty), the incumbent may
invest under regulatory certainty if the investment decision is undertaken after the regulation of
the access price. However, the regulation of the access is a dynamic process and regulatory
remedies are also imposed after the investment decisions. Although theoretical static models are
useful for giving an insight into regulatory policies, we should keep in mind that uncertainty can be
reduced to risk, possibly even low risk, but not certainty. This fact is also considered in the EC
Recommendation since NRAs are encouraged (in order to provide greater certainty) to clarify to
the greatest extent possible (i.e. not to fully commit) how foreseeable changes in market
circumstances might affect remedies.
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Klumpp and Su [66] assume an investment-contingent access price which is
revenue-neutral. This implies that each downstream firm contributes to the
depreciation of the investment costs according to its market share. They show
that, under this rule, the incumbent chooses a higher investment level compared
to that of a monopolist and its investment incentives increases with the number of
downstream competitors. Thus, they argue that a policy of revenue-neutral open
access can increase both static and dynamic efficiency. Sarmento and Brandao
[67] compare the investment and competition outcomes of an access price which
equals the marginal cost of providing the access plus the average cost of the
investments with those derived by the retail-minus regulation and the
deregulation of the access price. They conclude that retail-minus regulation leads
to better results than cost-based plus regulation in terms of investment level and
consumer surplus as long as the regulator carefully defines the retail-minus
instrument.

It can thus be concluded that the related literature provides useful results
concerning the effectiveness of particular access pricing schemes on promoting
both static and dynamic efficiency. However, the articles that examine the
relationship between access regulation and investment incentives under
regulatory non-c o mmi t me nt take the regul atoros de
they fail to take into account the fact that there is uncertainty about the access
pricing policy once the investments are in place. In particular, some articles
assume that the firms anticipate that the regulator will set the welfare-maximizing
access price [46], [47], whereas others assume that the investment-contingent
access price is ex ante known [66], [67]. However, in fact, it is uncertain whether
the regulator will set an investment-contingent or a welfare-maximizing access
price after the NGA deployment.

The following article, which is part of this thesis, models this fact in order to study
the i mpact of regul atory uncertainty on
the socially optimal investments in NGA networks.

T M. Tselekounis and D. Varoutas, dd4 nves
infrastructures und e Melecoenmunicatidn®Rolcy, voh c er t .
37, no. 10, pp. 8791 892, Nov. 2013. [28]

The motivation, the modeling setup and the main results of this article are
presented in the next section.

3.4.1.1 Investments in Next Generation Access infrastructures under
regulatory uncertainty

The related literature discusses the effectiveness of two different regulatory
approaches on the regulatordés goal to ac
level when it sets the access price after the investment decision of the incumbent.

The first approach supports that the regulator sets a particular investment-
contingent access price, which compensates the incumbent for the investment

risks, in order to provide significant investment incentives. On the contrary, the

second approach argues that the regulator deviates from such ex ante known

access price (once the investments are in place) by setting the access price at

the marginal cost of providing the access in order to maximize social welfare.

Tselekounis and Varoutas [28] modeled the more realistic case in which the
regulator sets the access price at the marginal cost of providing the access with

some probability and gives an access markup, which equals the average cost of
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the investments, with the complementary probability. Therefore, it is uncertain
which of the two assumptions made in the related literature will prevail when the
new access infrastructures are in place.

A non-commitment setting is used in order to take account for regulatory
uncertainty. In addition, the retail (downstream) market is characterized as an
unregulated duopoly market in which the incumbent (the subsidiary firm of the
upstream monopolist) and the entrant (the independent firm) choose quantities
simultaneously and independently (i.e. firms compete a la Cournot). The level of
NGA investment undertaken by the incumbent leads to an outward parallel shift in
the demand, and hence, NGA investments have a positive impact on the demand
for the new fibre-based services. Furthermore, the incumbent faces a quadratic
NGA investment cost function with respect to the investment level implying that
the slope of the marginal investment cost function is linear and increasing in the
investment level.

The privately and the socially optimal investment levels are derived as a function
of the probability ai [0,1] of incorporating into the access price an access
markup, which equals the average cost of the investments, in order to fully
compensate the incumbent for the NGA investment risk. A first significant finding
is that a marginal increase in such probability positively affects the private
investment incentives and negatively affects the socially optimal investments. The
comparison of the privately and the socially optimal investment levels show that
there is a unique positive value a denoted by & which induces the incumbent to
undertake the socially optimal investments. If a > & (respectively, a < &), the
NGA investment level chosen by the incumbent is higher (respectively, lower)
than the socially optimal one. This implies that any deviation from the socially
optimal investments leads to welfare losses.

A second significant result is that the derived value of & is significantly affected
by the impact of the investments on demand and the slope of the marginal
investment cost function. In particular, the value of & is positively affected by an
increase in the impact of investments on demand and negatively affected by an
increase in the slope of the marginal investment cost function (ceteris paribus).
This implies that, for a given slope, hi gher consumer so
services results in higher &, which, in turn, leads to higher efficient investment
l evel s. I n ot her wor ds, hi gher cons
services makes the investments more socially desirable, and hence, the socially
optimal investment level is achieved for a higher probability of compensating the
incumbentf or the i nvestment ri sks. Thi s
investment incentives, and hence, the achieved efficient investment level
increases as well.

On the contrary, for a given positive impact of the investments on demand, a
steeper slope of the marginal investment cost function leads to lower values of
& . This implies that as the NGA investment becomes marginally more expensive,
the society is better off by a lower NGA deployment which is achieved by a higher
probability of setting the access price at the marginal cost of providing the
access. Therefore, the efficient NGA investment level is achieved for lower values
of 4.

Combining the two aforementioned significant results leads to the main result of
Tselekounis and Varoutas [28]:
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(i) When the slope of the marginal investment cost function is not particularly
steep in relation to the positive impact of investments on demand, the
incumbent always underinvests compared to the socially optimal investment
level. The reason is that the critical value of the probability of including an
access markup into the access price (&) is higher that 1. This implies that the
socially desirable outcome cannot be achieved even if the regulator commits
to an access price scheme that includes an access markup equal to the
average cost of the investments. In this case, a higher access markup which
leads to & ¢1 seems to be socially desirable.

(i) On the contrary, in the more realistic case when the impact of investments on
demand is low in relation to the slope of the marginal investment cost function,
the incumbent may overinvest or underinvest depending on the probability of
incorporating an access markup into the access price. In this case &1 (0,1),

and hence, the incumbent overinvests for high probability of incorporating an
access markup into the access price and underinvests for low probability
values. As a result, the optimal social welfare outcome cannot be achieved
with the i ncumbezmg investment teveli vihen neg Xai This

i mplies t hat regul atory uncertainty

incentives to undertake the socially optimal investments in NGA networks.

3.4.2 Deviation from the permanent regulation of access

Another significant deviation from the principles governing the regulation of the
copper access networks concerns the particular regulatory regime employed. The
regulation of the copper access networks is based on the permanent regulation of
access in order to promote efficient entry. Although the EC Recommendation
proposes the implementation of permanent regulation to the NGA networks, other
regulatory regimes have recently attracted the interest of many academics and
policy makers due to the lack of investment incentives provided by the permanent
regulation of access to the new access infrastructures.

The two extreme regulatory regimes are the fpermanent regulationo and the
fregulatory forbearancea Permanent regulation implies that the ex ante imposed
remedies hold for the whole lifecycle of the NGA investment, whereas regulatory
forbearance refers to the situation where there is no ex ante regulation on NGA
networks. It is obvious that regulatory forbearance maximizes investment
incentives but also creates significant barriers to entry for access seekers.
Therefore, regulatory forbearance will probably fail to promote both static and
dynamic efficiency. fRegulatory holidayso and fsunset clauseso are intermediate
regulatory regimes between regulatory forbearance and permanent regulation.
Under regulatory holidays, the investor is not imposed to any regulatory
constraints for a pre-determined period of time, whereas by imposing a sunset
clause, the regulator commits that access obligations will be withdrawn after a
pre-determined date.

Charalampopoulos, Katsianis and Varoutas [68] as well as Gavosto, Ponte and
Scaglioni [69] use a real option approach to study the impact of the four different
regulatory regimes (permanent regulation, regulatory forbearance, regulatory
holidays and sunset clauses) on the timing of the investment decision of an
incumbent to expand to a new network infrastructure. The former article shows
that regulatory holidays induce the incumbent to expand its current network as
soon as the regulatory holiday season ends, which is long before the expiration
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date of the option to expand. However

profits, regulatory forbearance and sunset clauses give identical results, followed
by regulatory holidays and permanent regulation. The latter article concludes that
investment is carried out immediately under forbearance and regulatory holiday
regimes, while it is delayed by around two years in the other cases. Therefore, it
can be deduced that both articles argue that regulatory holiday regime appears
superior to the other regulatory regimes, although the two papers provide
different results about the impact of regulatory holidays on the particular timing of
the investment.

Of course, the efficiency outcomes are significantly affected by the level of the
access prices set under each particular regulatory regime. Nitsche and Wiethaus
[70] study the efficiency implications of a combined deviation from the permanent
regulation of access at cost-based prices in terms of both the access pricing
policy and the regulatory regime employed. In particular, they allow an access
pricing scheme that spreads investment costs over total output quantities (i.e.
another form of investment-contingent access pricing) for taking into account: (i)
different regulatory regimes; (ii) the fact that the success of NGA investments is
uncertain; and (iii) regulatory certainty. They show that a regime with Fully
Distributed Costs (FDC)° or regulatory holidays induce the incumbent to
undertake a larger NGA deployment, followed by risk-sharing and Long-Run
Incremental Costs (LRIC). In addition, in combining strong competitive intensity
with reasonable investment incentives, simulations indicate that a risk sharing
approach induces highest consumer surplus, followed by regimes with FDC,
regulatory holidays and LRIC. Therefore, they conclude that risk-sharing can be
an effective tool since it combines relatively high ex-ante investment incentives
with strong ex-post competitive intensity. They also find that forward-looking cost-
based regulation neither induces investments nor consumer surplus, which
implies a clear policy for deviating from permanent cost-based access prices.

In combining these results with those of [68] and [69], it can be deduced that
although regulatory holidays appear superior to the other regulatory regimes in
terms of both NGA investment level and the timing of the investments, their
effectiveness on promoting service-based competition is rather ambiguous. For
this reason, the next two articles, which are part of this thesis, study the
effectiveness of regulatory holidays (or regulatory forbearance in a static
framework) to result in improved social welfare outcomes when: (i) the monopolist
is allowed to geographically price discriminate; and (ii) the monopolist chooses a
mix of NGA networks deployed in different geographic areas.

1 M. Tsel ekouni s, D. Ma n i Nd5A mvestnsent ineentides
under geographic price discrimination, 0 40thfEARIE Conference, 30 August-
1 September 2013, Evora, Portugal. [29]
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1T M. Tsel ekouni s, E. Xyl ogi ann Geogrdphicallyar out as,

differentiated NGA deployment, oaccepted in 24th European Regional
Conference of the International Telecommunications Society (ITS), 20-23
October 2013, Florence, Italy. [30]

® Under the fully distributed costs regulation, the incumbent may recoup NGA investment costs
through the access price, regardless of the NGA's market success since the entrant is forced to
cover part of the investment cost.
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3.4.2.1 NGA investment incentives under geographic price discrimination

The research articles that study the effectiveness of alternative regulatory
approaches on encouraging investments in NGA networks and fostering
competition explicitly assume that all consumers equally benefited by a certain

extent of NGA deployment. However, it is expected that there will be a significant
variation among consumersoé6 willingness to
based services since there are consumers who place a low valuation to the
enhanced characteristics of such services and consumers who have higher
valuation for advanced bandwidth-hungry services. The prospective investor in

NGA networks could exploit this information by pricing the final services such that

they more closely reflect r et ai | consumer s6 wiiblaisregioe s
pricing) and/or geographical differences in network costs.

Contrary to uniform pricing, price discrimination is defined as selling the same
product to different customers at different prices even if the cost of sale is the
same to each other [71]. Price discrimination has recently attracted much interest
since regulatory forbearance and holidays could lead to geographic de-averaging
of prices that would reflect the geographic variances in market conditions, which
may significantly differ from traditional PSTN/DSL conditions. Indeed, after a
period of obligation of non-discrimination [72], currently, price discrimination is
allowed to a certain (at least wholesale) extent related to NGA networks in
Europe in order to foster innovation and welfare growth by promoting investments
[38]. Thus, there may be a case for designing remedies that can vary across
geographic markets that would be defined as locations with homogeneity in terms
of willingness to pay, competitive conditions, cost, etc.

Alexandrov and Deb [73] as well as Valletti [74] study the impact of price

di scrimination on a monopolistdés incentiyv
both articles assume that the number of the markets that the quality-enhanced

product will be sold is exogenously defined (e.g. the whole country), whereas the
investment in quality (i.e. the particular extent of fibre deployment in the local

loop) is endogenously derived. In other words, consumers who live in different
geographic areas place the same valuation on each particular quality level. It is

found that price discrimination results in more investment in quality than uniform

pricing, whereas its impact on social welfare depends on the specific underlying

industry characteristics.

However, in the NGA context, the main source of variat i on among cons
willingness to pay for the additional benefits of NGA-based services is the fact

that consumers live in different geographic areas in terms of population density.

Indeed, the main take-away of the relevant studies [75], [76] is that consumers

who place a higher (lower) valuation to broadband subscription tend to live in

higher (lower) densely populated areas. As a result, population density has a
significant positive i mp a c for ultra high-bpeed c o n s
services provided by NGA networ ks. Ther e
willingness to pay for very high-speed services is mainly due to their geographic
differentiation rather than on the difference in their valuation for a particular

improved quality service.

Contrary to [73] and [74], Tselekounis, Maniadakis and Varoutas [29] compare
the impact of retail pr i ce di scri mination and wunif orn
incentives to extend its Next Generation Access (NGA) network deployment to
less densely populated geographic areas. This implies that the quality of an NGA-
based service is exogenously defined (e.g. FTTH), whereas the number of
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geographic areas (markets) that this service will be provided is endogenously
chosen. In other words, consumers who live in different geographic areas place a
different valuation on each particular quality level.

It is found that geographic price discrimination provides the monopolist with
higher incentives to deploy a larger NGA network (i.e. the NGA investment is
extended to rural, less densely populated areas). In addition, geographic price
discrimination results in better welfare outcomes than uniform pricing as long as
the investment cost is not extremely low. In such cases, the regulator should
allow the monopolist to geographically price discriminate since the monopolist
chooses the socially optimal pricing regime. On the contrary, when the
investment cost is extremely low, uniform pricing is the socially optimal pricing
regime, whereas differential pricing maximizes private investment incentives. In
such cases, a benevolent regulator may impose the uniform pricing regime in
order to mitigate the detrimental impact of regulatory forbearance or holidays on
social welfare.

3.4.2.2 Geographically differentiated NGA deployment

The previous section showed that, in a static context, the deployment of NGA
networks is a two-dimensional issue. First, the incumbent has to decide the
quality of the NGA investment related to the part of the copper access network
that will be replaced by fibre optics. Second, the incumbent has to decide the
extent of the NGA deployment which concerns the number of geographic areas in
which an NGA network will be deployed.®

Hitherto, the reviewed literature does not discriminate between the two different
dimensions of the NGA investments, and hence, it assumes that a higher NGA
investment level indiscriminately reflects either a larger NGA deployment to rural,
|l ess densely popul ated areas or a fibre depl
premises. In particular, existing studies assume that a prospective investor in
NGA networks chooses either the quality or the geographic coverage of the NGA
network. This implies that the investor decides : (i) the quality of the NGA network
that will be provided in an exogenously given number of geographic areas; or (ii)
the number of geographic areas in which an exogenously given NGA technology
network will be deployed. In each case, the investor focuses on one of the two
dimensions of the NGA investment decision taking the other dimension as given.

However, in fact, the investor in NGA networks does not choose either the extent

of the deployment towards consumersé premises
geographic deployment of a particular NGA quality, but it simultaneously decides

the NGA quality that will be provided in each geographic area. This implies that a

mix of NGA technologies will co-exist according to the underlying demand and

cost conditions in each geographic area.

Tselekounis, Xylogianni, Varoutas and Martakos [30] model the demand and cost
structures in each geographic area in order to assess the optimal mix of NGA
technologies deployed in different geographic areas by a monopolist. In other
words, they find the optimal degree of copper replacement by fibre (i.e. the
optimal NGA quality) in every geographic area. Based on this relationship, the
incumbent chooses the extent of NGA deployment that is the optimal number of
geographic areas in which a different quality of NGA network will be provided.

% In a dynamic context, the incumbent has also to decide the timing of the NGA deployment.
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In order to derive the optimal mix of NGA technologies deployed in different
geographic areas by a monopolist, the authors use the following functions for
representing the demand and investment cost, respectively, in each geographic
area i:

p=A+L g and C(i)=(xy)/2
X
where p, and g is the retail price and the quantity supplied by the monopolist in

each geographic market, A represents the maximum valuation that the
consumers place to the basic high-speed broadband service, x reflects the

geographic NGA deployment and vy, reflects the NGA quality (technology). A
larger x implies a larger NGA deployment to less densely populated areas,

whereas a larger vy i mpl i es a fibre depl oyment

premises. It is obvious that, contrary to existing studies which assume an
exogenously given slope of the marginal investment cost function, a higher NGA

cl

technology positively affects the consum

declines as it is provided to less densely populated rural areas. In addition,
contrary to existing studies which assume that a higher level of NGA investment
in terms of either technology or coverage leads to a more outward parallel shift in
the demand curve (and thus equally benefits all consumers), the investment cost
of providing a particular NGA technology becomes marginally more expensive as
it is extended to less densely populated areas.

Tselekounis, Xylogianni, Varoutas and Martakos find that both the privately and
the socially optimal investment decisions result in a geographically differentiated
NGA deployment implying that different quality NGA networks are deployed in
different geographic areas. In addition, although a geographically differentiated
NGA investment provides the unregulated monopolist with incentives to install a
nationwide NGA deployment, the monopolist underinvests compared to the
socially optimal levels of both quality and geographic coverage.

Moreover, the authors make several, but plausible, assumptions in order to make
their results comparable to the Europe 2020 Strategy [61] which envisions that,
by 2020: (i) all Europeans will have access to much higher internet speeds of
above 30 Mbps; and (ii) 50% or more of European households will subscribe to
internet connections above 100 Mbps. They show that the first objective is
feasible when the demand for NGA-based services is significantly elastic,
whereas the second objective is not a feasible goal.

3.4.3 Deviation from usage access prices

The last deviation from the principles governing the regulation of the copper
access networks concerns the access pricing formula. In particular, the access
pricing formula can be used to allocate the investment risk between the
incumbent and the access seekers. Although such risk-sharing mechanisms are
not present in the EC Recommendation, OPTA has included them in its proposed
measures to reduce the investment risk [43].

Access prices (as well as retail prices) can consist of one-off fees and periodic
fees (e.g. monthly rentals). By giving the investor the choice to recoup fixed costs
via a one-off fee, the investor can affect his own investment risk and the entry risk

resting on the buyers of unbundled fibre access. The advantage of recoupment
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via a one-off fee is that the investor recoups some of its investment in the early
phase of the economic life of the network. This early recoupment of parts of the
investment leads to a lower capital requirement over time, a decrease in the
i nvestment risk and an increase in the invest

The general rule says that the higher the allocation of investments costs to the
one-off component, the more investment risk on a per line basis is allocated from
the investor to the access seeker. However, charging this one-off fee should not
create a barrier to entry for buyers of unbundled fibre access. If relatively many
costs are charged as one-off tariffs, this raises the barrier for purchasing services,
because a buyer is confronted with higher start-up costs.

Gans and King [77] state that in a dynamic context, the regulator should set a
two-part tariff in which the fixed fee is set equal to the economic profit of the
access seekers and the usage access fee follows the Ramsey rule. Otherwise,
regulatory holidaysi s a desirable regime that resul ts
investments only when the regulator cannot make ex ante credible commitments.
The main take-away from the paper of Gans and King is that the regulatory
commitment problem has a significant impact on the optimal regulatory policy and
that two-part tariffs may be an effective tool in order to promote both static and
dynamic efficiency. In addition, Brito, Pereira and Vareda [78] study the impact of
the regulatory commitment problem on the effectiveness of two-part access tariffs
to solve the dynamic consistency problem of the regulation. They find that when
the investment cost is low compared to the investment benefits, two-part tariffs
solve the dynamic consistency problem either under regulatory certainty or
uncertainty. In this case, the optimal regulatory policy is to set the fixed access
price in order to induce investments by the incumbent and the usage access price
at the marginal cost of providing the access in order to promote static efficiency.
If, on the contrary, the investment cost takes intermediate values compared to the
investment benefits, the commitment and the no-commitment games have
different equilibria, with the incumbent investing in the commitment equilibrium,
and not investing in no-commitment game. Last, if the investment cost is high
compared to the investment benefits, investment is not socially desirable under
both commitment and no-commitment games. Therefore, contrary to Gans and
King, two-part access tariffs may not solve the dynamic consistency problem
even when the regulator can commit ex ante to a particular access pricing policy.

3.5 Summary

Chapter 3 discussed the effectiveness of different access pricing schemes on
promoting the current regulatory goal of encouraging investments in NGA
networks and fostering service-based competition over such networks. It was
shown that cost-based access prices are limited to promote service-based
competition within one network since they disincentivize incumbents and,
especially, entrants to invest in new access infrastructures. Combining this fact
with the huge investment cost of deploying an NGA network and the uncertainty
of such investments provides the reasons that explain the reluctance of firms to
undertake NGA investments. However, investments in digital infrastructures by
far exceed the private incentives for investments. It is thus deduced that there is a
clear policy towards a deviation from the permanent regulation of access at cost-
based prices in order to compensate the investors for the risk they incur when
deploy an NGA network.
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The first official deviation from cost-based access prices was proposed by the EC
Recommendation of regulated access to NGA which recommends calculating the
access at a cost-based form including a risk premium. However, the effectiveness
of such pricing policy on promoting service-based competition over NGA
networks has been fiercely criticized by both incumbents and entrants. In
addition, it was found that regulatory uncertainty has a significant impact on an
investorod6s incentives to undertakBuetohe sc
these facts, the regulatory holidays regime has recently received much interest.
Given that the NGA investments are significantly costly, it was shown that
regulatory holidays may increase both investment incentives and allocative
efficiency when the monopolist is allowed to geographically price discriminate.
However, even under the price discrimination regime, the monopolist
underinvests compared to the socially optimal geographically differentiated NGA
deployment.
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4. FROM SERVICE-BASED TO FACILITIES BASED COMPETITION
OVER NGA NETWORKS: PROMOTING DYNAMIC EFFICIENCY

Although service-based competition over NGA networks increases both static and
dynamic efficiency, the full benefits of competition are only achieved by facilities-
based competition. This explains why the ultimate goal of regulators is to promote
dynamic efficiency which results in maximum welfare gains, maximum market
growth and minimum production costs.

This chapter discusses the future regulatory goal of achieving dynamic efficiency
by promoting facilities-based competition over NGA networks. In particular, given
that an initial investor has already deployed an NGA network and sustainable
service-based competition has been established, the optimal access pricing
policy should incentivize the access seekers to gradually invest in their own NGA
infrastructures.

The first part of this chapter reviews the proposed regulatory approaches which
aim to encourage access seekers to invest in their own fibre-based access
networks. Afterwards, a comparison of these regulatory approaches with the
current regulatory framework in the European NGA market described by the EC
Recommendation is made. It is found that the proposed regulatory approaches
not only fail to reflect the basic principles of the EC Recommendation, but also fall
to take into account the fact that the regulatory policy implemented in this phase
has a direct i mpact on the timNGAhemlorksi nvest

For this reason, the second part of this chapter presents an innovative theoretical
approach that not only reflects the current regulatory framework in the European
NGA market, but also encourages the initial investor (which is assumed to be the
incumbent) to invest in NGA networks, although at the same time it incentivizes
the entrants to gradually invest in their own NGA infrastructures. It is shown that
the proposed approach, which is based on the basic principles governing a Credit
Default Swap (CDS), provides an effective migration path towards facilities-based
competition over NGA networks.

4.1 Encouraging facilities-based competition: A literature review

This section discusses the impact aés acce
to invest in new access infrastructures in order to act as a facilities-based
competitor. In particular, this literature studies whether service-based competition

serves as a stepping stone to facilities-based competition or the presence of the

optont o Abuyo the incumbentds facilities re
entrant chooses to engage in infrastructure competition (i.e. creates the so-called

Arepl acement effecto).

Cave and Vogelsang [79] point out that the entrants typically invest in replicable

assets first and then progress to less replicable ones. Thus, they rank the

i ncumbent 6s net work assets according to

e nt rsgergpéctive and propose an innovative access scheme in which the

price for the less replicable network elements is low but increasing over time as
assets are replicated. Therefore, as the
access price increases in order to encourage the entrant to invest in the next less

replicable asset. This process continues until the entrant invests in its own
infrastructure which represents the higher rung in the investment ladder. Thus,
theso-cal | ed Al adder o frguesthatsenticellgaset competitienor y a
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serves as a stepping stone to facilities-based competition. Cave [12] proposes
and illustrates methods for assessing the replicability of different assets and sets
out the steps which regulators can follow in implementing the approach.

An alternative regulatory tool that resembl es
istheso-cal | ed fisunset <c¢clauseodo regulatory regi me.
the regulator commits that access obligations will be withdrawn after a pre-

determined date. The building block of both approaches is the expectation that as

service-based competition becomes less attractive over time, the entrant will

gradually invest in its own network infrastructure. Although sunset clauses and

t he Al addeest mént on t heory have been embr a
telecommunications regulators and organizations [38], [80i83], the related

literature provides mixed results about the effectiveness of each approach to

make service-based and facilities-based competition complements in promoting

both investments and competition.

Bourreau and Do ] a[®] use a dynamic model of technology adoption to

compare the i mpact of wunbundl inmpegtesemicet he entr a
based or facilities-based. Assuming a utility model that captures variety and

quality differentiation, they show that an unregulated incumbent sets too low a

constant usage rental price for its loops over time, and hence, the entrant adopts

the new technology too late from a social welfare perspective. The rationale of

such behavior i's that a |l ow access price inc
represent an opportunity cost when the entrant chooses to engage in

infrastructure competition. Therefore, the incumbent avoids a fiercer competition

in the retail market by providing the entrant with disincentives to invest in its own

infrastructure. The regulatory implication is twofold. First, the regulator who is

concerned with promoting facility-based competition should regulate the rental

price of the loops; and second, a sunset clause neither incentivizes the entrant to

invest in network upgrade nor i mpr dg86les soci al
also discuss the impact of unbundlingonanentrant 6s i nvestment incent

a dynamic perspective but allows for a time variant rental price as well as a

general competitive setting. They show that the optimal regulatory policy is to set

the access price at the level that maximizes social welfare under service-based

competition until the date at which facilities-based entry is socially optimal, and

then to ban access to the incumbentos infrast
it) from that date on.

In addition, Avenali, Matteucci and Reverberi [86] assume that developing an
alternative infrastructure requires both time and an installed base of consumers
which implies that a period of service-based competition is a prerequisite for
facilities-based competition in the next period. They find that a multi-period
schedule where regulated access charges rise over time is critical to foster
efficient infrastructure investment, whereas a sunset clause on regulation dilutes
investment incentives. Contrary to [84] and [85], which assume regulatory
certainty, they point out that the regulatory commitment problem may affect the
robustness of their main result. Thus, they propose that the access price should
depend both on time and entry period in order to ensure that late entrants are
provided with the same dynamic access conditions. In a more recent paper,
Bourreau and Drouard [87] use a general model of competition in order to study
the i mpact of both a Arepl acement ef fecto an
entrant és i nvest nveorktupgrade. Thus, \theys dllow iam initiale
serviced-based period for the entrant to build its market share progressively. This
implies that the entrant might have significant incentives to prolong the service-
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based competition phase in order to build a larger market share. They show that
if facilities-based entry is a short-term (long-term) possibility, the replacement
effect (the stepping stone effect) prevails, and hence, a phase of service-based
competition delays (accelerates) facilities-based entry.

Ther ef or e, as Bour r e a (88] pdhbodutaarphasena seMeen a n t
based competition may be a necessary, but not a sufficient, condition to ensure

that it will serve as a stepping stone to facilities-based entry if the replacement

effect is neutralized. The authors also challenge another assumption of the ladder

of investment theory which states that the regulator has the instrument to
neutralize the replacement effect. They argue that although access prices that
increase over time may neutralize the replacement effect, credibility of regulatory
commitments and informational requirements raise several concerns about the
successful implementation of this theory.

In addition, the effectiveness of the Aadder of investmento theory to serve as a
stepping stone from service-based to facilities-based competition has been
criticized not only theoretically but also empirically. Hausman and Sidak [52] use
real data from five countries (the USA, the UK, New Zealand, Canada and
Germany) over the 1993-2003 period in order to test whether the new entrants
use the unbundled loops to evolve into facilities-based competitors. They
conclude that although the fladder of investmentotheory is theoretically plausible
under certain assumptions yet has not been satisfied in practice. Hazlett and
Bazelon [89] use semi-annual US state-level data from December 1999 to
December 2004 to examine whether the number of the unbundled lines in one
period is correlated with the number of facilities-based line in future periods. Their
main conclusion is that the fladder of investmentotheory is rejected since there is
no statistically significant relationship between the unbundled lines in one period
and the number of facilities-based line in future periods in each US state.

Distaso, Lupi and Manenti [90] use semi-annual data from 12 European countries
(study period: January 2005-July 2007) and test the fladder of investmentotheory
by looking at the link between the prices of wholesale access services and the
relative growth rates of the three alternative inputs that can be used by new
entrants to provide access and broadband services to end users: bitstream
services, LLU services and their own network. Although they point out that the
policies adopted by NRAs are broadly consistent with the fladder of investmento
theory, their graphical results reveal that only few countries (France and Spain)
have succeeded in encouraging the entrants to climb the investment ladder due
to increasing access prices over time. In a more recent empirical study, Bacache,
Bourreau and Gaudin [91] use data covering incumbent and entrant fixed-
broadband operators in 15 European member states for 15 semesters (2002-
2009) in order to test the fladder of investmento hypothesis. They find no
statistically significant effect of the number of unbundled lines on the number of
new access infrastructure lines built by entrants, which implies that there is no
evidence in support of the fladder of investmentohypothesis.

As a result, although the EC Recommendation states that the appropriate array of
remedies imposed by an NRA should reflect a proportionate application of the
Aadder of investmento principle, its effectiveness to induce the entrants to invest
in their own NGA networks is quite ambiguous. Therefore, both the inclusion of a
risk premium into the cost-based access price and the application of the Aadder
of investmentotheory seem to have ambiguous results. This implies that the basic
principles of the EC Recommendation, which aims at initially encouraging the
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incumbents to invest in NGA networks without distorting competition and then at
inducing the entrants to be facilities-based competitors, have been fiercely
criticized in the related literature. However, the research articles study the impact
of access prices on the investment incentives of either an incumbent or an
entrant without taking into account that the investment decisions are taken in a
sequential order, and hence, there is a strategic interaction between their
investment decisions which is significantly affected by the regulatory policy.

For this reason, the next section presents an innovative approach that resolves
the current regulatory trade-off between promoting service-based competition
over copper access networks and encouraging the incumbent to invest in NGA
networks, while also tackles the future trade-off between fostering service-based
competition over NGA networks and incentivizing the entrants to invest in their
own infrastructures. This approach is proposed by the following article which is
also part of this thesis.

T M. Tsel ekouni s, D. Varout as, and D.

facilities-b a s e d competition 0 Vv e r submie@ A to
Telecommunications Policy (under 3™ round revision), 2013. [31]

The motivation of the proposed approach, its modeling setup and its main
conclusions are presented in the next section.

4.1.1 A CDS approach to induce facilities-based competition over NGA
networks

The goal of this section is to propose a novel approach in order to effectively
meet the current and the future regulatory goals using the regulatory settings
recommended by the European Commission. The current regulatory framework
in the European NGA market is described by the following four basic principles
concerning:

1 The evolution of the regulatory goals over time. The regulatory policy
should initially encourage the incumbent to invest in new fibre-based access
networks and promote service-based competition over such networks. Once
the new fibre-based access network has been deployed and service-based
competition over such networks has been established, the regulatory policy
should encourage access seekers to invest in their own fibre infrastructures.

1 The characteristics of the access pricing formula. The access to the

A

Mart ako
net wor ks

i ncumbent &8s net wor k s h-oriemtedl prices ingudimgvai ded at (

risk premium to reflect any additional and quantifiable investment risk incurred
by the investor. Risk allocation mechanisms, such as long-term contracts or
volume discounts which decrease the risk that an investor incurs when
investing in NGAs, lead to a respective decrease in the risk premium.
However, since the EC Recommendation does not include in such
mechanisms the fixed-fee payments, it is deduced that two-part access tariffs
do not reflect the current regulatory framework in the European NGA market.
Therefore, NRAs should apply usage (or uniform or linear) access prices
under a regime of permanent regulation as long as an SMP operator is found
within markets 4 and/or 5.

1 The evolution of the access prices. Access prices should be aligned with
the EC statement that the appropriate array of remedies imposed by an NRA
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should reflect a proportionate application of the fadder of investmento
principle.

1 The provision of regulatory certainty. According to the EC
Recommendation, regulatory certainty is a key to promoting efficient
investments by all operators. Applying a consistent regulatory approach over
time is important to give investors confidence for the design of their business
plans. In order to mitigate the uncertainty associated with periodical market
reviews, NRAs should clarify to the greatest extent possible how foreseeable
changes in market circumstances might affect remedies.

|t i s obvious that the I|literature studyin
incentives to invest in NGA networks fail to take into account the basic principles

governing the current regulatory framework in the European NGA market. The

reason is that the reviewed research articles study the impact of alternative

regul atory approaches on either the inct
incentives without considering the strategic interaction between their investment
decisions. In other words, they do not take into account the fact that when the
incumbent (respectively, the entrant) decides its optimal investment decision, it

also considers the optimal investment reaction of the entrant (respectively, the
incumbent). This implies that the disclosed access pricing policy should take into
account the 1 mpact of access regulation
although such investment decisions are taken in a sequential order.

To best of aut hor |y papekthad reflectsdhg eusrent régelatoo/n
framework in terms of the evolution of the regulatory goals over time is that of
Vareda [92]. In particular, Vareda considers a dynamic framework in which an
incumbent chooses how much to upgrade the quality of its network and then an
entrant, at each point in time, has the option to enter as a service-based
competitor, by asking for access to-1the
based competitor, by building a bypass network. He shows that when the
regulator can ex ante commit to a two-p ar t access tari ff:

investment in a bypass network is del ayed
in quality; (ii) the possibility of investment in a bypass network by the entrant has

a positive effect on the incumbentds ince
access prices on bot h i ncumbent and ent

ambiguous; and (iv) a welfare improving access tariff that could be designed by
the regulator would be one where the access fee is increasing (decreasing) in
gual ity i f the i nc wadhbhatiuandesnvasts (overmiestsy.es ar e

However, the work of Vareda not only uses a two-part access tariff (rather than a
usage access price), but also assumes that the access price is fixed over time
(rather than reflecting a proportionate application of the fladder of investmento
principle). Therefore, his model fails to align with two of the four basic principles
of the EC Recommendation.

On the contrary, Tselekounis, Varoutas and Martakos [31] propose an innovative
approach that reflects the current regulatory framework in the European NGA
market as described by the EC Recommendation. In particular, the approach
proposed by [31] models the four basic principles of the current European
regulatory framework and then assesses its effectiveness on inducing facilities-
based competition over NGA networks. This implies that this paper can be
included in the literature that departs from assessing the efficiency outcomes of
applying the regulation of the copper access networks to the NGA market. The
aim of the proposed approach is to meet the current and the future regulatory
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goals by tackling the initial trade-off between encouraging the incumbents to
invest in NGA networks and fostering competition, while incentivizing the entrants
to gradually climb the ladder of investment when the NGA investment is proven to
be successful. Therefore, the proposed approach provides a theoretical way to
encourage the deployment of a nationwide NGA network (i.e. maximize the
potential investment outcome in terms of geographic coverage) with the ambition
that such deployment will finally reflect the socially desirable choice as reflecting
in an effective migration path towards facilities-based competition over NGA
networks.

The structure and the implementation of the proposed approach are based on the
basic principles governing a Credit Default Swap (CDS). A CDS contract is an
agreement between two parties, the protection buyer and the protection seller.
The first party to the contract, the protection buyer, wishes to insure against the
possibility of default on a bond issued by a particular company. The company that
has issued the bond is called the reference entity. The second party to the
contract, the protection seller, is willing to bear the risk associated with default by
the reference entity. The protection buyer of the CDS makes a series of
payments (the CDS "fee" or "spread") to the protection seller and, in exchange,
receives a payoff in the event of a default by the reference entity. If a default does
not occur over the life of the contract, the contract expires at its maturity date, and
hence, the protection seller does not make any payments to the protection buyer.

In an NGA context, the incumbent, which is assumed to be the initial operator that
invests in NGA networks, and the regulator agree on a business plan that allows
the incumbent to recover the investment in a nationwide NGA deployment (i.e.
the deployment of an NGA network in every geographic area in the country)
during a certain period of time. If the investment has not been recovered at the
end of this period, the regulator commits itself that it will compensate the
incumbent for the unrecovered part of the investment. After the end of this period,
no regulatory remedies will be imposed to the incumbent (sunset clause). In
exchange, the incumbent should make periodic payments to the regulator.
However, the regulator chooses to subtract this amount from the payments that
an access seeker makes to the incumbent in order to have access to the NGA
networks. This implies that the incumbent does not pay a periodic fee to the
regulator but it subtracts this amount from the access payments it receives. If,
however, the investment has been recovered before the end of the clause, the
regulator does not make any payment to the incumbent, the incumbent stops
making indirect periodic payments to the access seeker and no remedies
imposed to the incumbent. In such contract, the incumbent is the protection buyer
and the regulator is the protection seller which will compensate the incumbent in
the case of a default event (i.e. if the investment has not been recovered at the
end of the pre-determined period).

In addition, the model proposes that the contract commits the regulator to apply a
certain policy during the whole pre-determined period. This policy, which
concerns the derivation of the access pricing formula as well as its evolution over
time, is ex ante known to the incumbent. As it has already been stated above, it is
not optimal for the regulator to intervene in the market very often because it
dilutes investment incentives. On the contrary, it is socially not optimal for the
regulator to make ex ante commitments for an unreasonably long regulatory
period. Thus, this model proposes an intermediate solution in which the regulator
makes periodic reviews at a pre-determined period. In each periodic review, the
regulator may increase or decrease the access price according to whether the
M. Tselekounis 72
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NGA investment (at the time of each review) is more successful (i.e. an upside
case) or less successful (i.e. a downside case) than the initial estimations. It can
thus be deduced that the incumbent invests in NGA networks under regulatory
certainty.

It is shown that in an upside (respectively, downside) case, the implementation of
the basic principles governing a CDS contract requires a proper increase
(respectively, decrease) in the access price. Therefore, an endogenous access
pricing rule encourages the entrants to climb the ladder of investment in each
upside case (i.e. when the initial NGA investment by the incumbent is
successful). On the contrary, such endogenous access pricing rule provides the
entrants with disincentives to invest in each downside case. However, in the latter
case, t he regul ator ds goal I s t o foncrea
incentivize the entrant to invest in NGA networks. The reason is that the entrant
invests in NGA networks only when the NGA investment is successful. Therefore,
the regulator should first promote the success of the NGA investment and then
encourage the entrant to invest in its own facilities. It is obvious that in the
downside cases the proposed approach fulfils in enhancing the diffusion process
since a lower access price facilitates service-based competition over NGA
networks. As a result, such an access pricing policy increases the probability of
an upside case in the next regulatory review.

The authors believe that the proposed approach will eventually lead to the
recovery of the NGA investment at the end of the pre-determined period or even
earlier. After the end of the clause, the regulator does not make any payment to
the incumbent, the latter stops making indirect periodic payments to the entrant
and no regulatory remedies are imposed to the incumbent. This implies that the
incumbent is free to set the access price to the recovered NGA networks.
However, the entrant would have probably established a significantly high
customer base, and hence, it will invest in the higher rungs of the investment
ladder in order to be active in the market unless the incumbent prices the access
too low in order to avoid intense facilities-based competition. The authors also
discuss the case in which the NGA investment has not been recovered at the end
of the pre-determined period, and hence, public funds are needed in order to
compensate the incumbent for the unrecovered part of the NGA investment. They
provide a theoretical cost-benefit analysis from a welfare perspective in order to
show that, even in this case, the proposed approach is superior to the active
governmental involvement in the deployment of a nationwide NGA network.

In conclusion, although its limitations and its potential implementation
shortcomings, the proposed approach, which is based on the basic principles
governing a Credit Default Swap (CDS), tackles the initial trade-off between
encouraging the incumbent to invest in NGA networks and fostering competition,
while it incentivizes the entrant to gradually climb the ladder of investment. This
implies that the proposed approach represents an effective way towards facilities-
based competition over NGA networks. In addition, the quite general approach of
their paper also aims to trigger a fruitful open discussion about several economic
and technical aspects of the optimal access pricing policy that should achieve
both the current and the future regulatory goals.
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4.2 Summary

This section provided a survey of the literature studying the impact of access
regul ation on an entrantds incentive
order to act as a facilities-based competitor to the incumbent. The main
regulatory policy proposed to facilitate the migration from service-based to
facilities-based competition is the fadder of investmentd theory which has
attracted the interest of many academics and policy makers. However, this
literature is based on the assumption that the incumbent has already deployed
his NGA network, and hence, the implemented regulatory policy only affects the
entrantos 1 nve Howeemitis abwocs tisat since Jacilities-based
competition reflects the future regulatory goal, the disclosed regulatory policy
which will be implemented in the future migration phase also affects the
i ncumbent 6s incentives t o i n whch teflettshtte
current regulatory goal.

For this reason, many aspects of the EC Recommendation should be reviewed
taking into account the impact of current and future access regulation on the
sequential investment decisions of an incumbent and an entrant. The second part
of this section proposed an innovative approach that aims to provide an efficient
migration path towards facilities-based competition over NGA networks by taking
into account the current framework in the European NGA market.

It was shown that the proposed approach, which is based on the basic principles
governing a CDS contract, can achieve the current and the future regulatory
goals. In particular, it initially incentivizes the incumbent to deploy an NGA
network and as service-based competition leads to higher demand for fibre-based
services, it encourages the entrant to gradual invest in its own access
infrastructures.
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5. CONCLUSIONS AND FUTURE RESEARCH

The telecommunications industry is the most rapidly evolving network industry
since it has undergone extensive changes in recent decades. Although these
changes are mainly related to technological advancements, the regulatory policy
has played a significant role in the promotion of competition and innovation.

From a static perspective, competition is related to the creation of a self-
sustaining pro-competitive market structure in which firms have significant
incentives to invest in innovative, differentiated services. Such service-based
competition promotes both productive efficiency (i.e. existing assets are utilized
efficiently) and allocative efficiency (i.e. existing resources are efficiently allocated
to the economy). Therefore, consumers enjoy the welfare gains from static
efficiency (lower prices, better quality and extended variety of services).

From a dynamic perspective, competition is related to the creation of a
competitive market structure in which firms have significant incentives to invest in
new network facilities. Such facilities-based competition leads to socially efficient
investment decisions and the adoption of better technologies, which implies that
consumers enjoy the welfare gains of dynamic efficiency (maximum market
growth, minimized production cost, innovative technologies and advanced
services).

It is thus obvious that the ultimate goal of regulators is to encourage all firms to
undertake the socially optimal investment decisions in terms of both timing of
investment and the extent of network deployment in order to promote dynamic
efficiency. However, the initial market structure of the telecommunications sector,
in which there was a state-owned monopoly (incumbent) operator, could not
promote facilities-based competition. For this reason, the past regulatory goal
was to reduce the i ncumalwingtalemativen aperaters pow
(new entrants) to enter the market in order to effectively service-based compete
with the incumbent. This implies that the promotion of dynamic efficiency is a
long-run goal which will be gradually achieved in the telecommunications sector
due to its innate asymmetric nature.

This thesis modeled the framework in the migration from a state monopoly market
to a competitive telecommunications industry in order to study the impact of
access prices on the entrantds | na-buyti ves
decision in terms of both productive and allocative efficiency. It was found that the
particular model of competition that describes the competition in the retail market
significantly affects the effectiveness of access prices to achieve static efficiency.
However, cost-based access regulation, which was widely adopted by the
regulatory authorities, was found to promote both productive and allocative
efficiency regardless of the competition conditions. Therefore, theoretical
modeling showed that usage cost-based prices achieve the past regulatory goal
concerning the promotion of static efficiency.

Although dynamic efficiency seems to be the next regulatory goal once
sustainable service-based competition over copper access networks has been
established, the unambiguous positive impact of investments in new broadband
infrastructures on economic growth and employment as well as the increasing
need for bandwidth made national governments set as their first priority the
encouragement of investments in fibre-based access networks (the so-called
Next Generation Access (NGA) networks) rather than the promotion of dynamic
efficiency. The reason is that investments in NGA infrastructures require a huge
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initial fixed cost, whereas the expected return is uncertain due to demand and
regulatory risk factors. In other words, the current regulatory goal is to promote
service-based competition over NGA networks rather than promote facilities-
based competition over such networks.

It should be noted that the majority of the research articles studying the impact of

access regulation o f firmsd i1 nvestment i ncent.i

rather than the entrants will eventually undertake NGA investments mainly due to
their better economic situation. The related literature concludes that mandating
access to NGA networks at usage cost-based prices discourages both
incumbents and entrants to invest in such networks. Therefore, the research
focuses on studying alternative regulatory schemes that may promote both
investments and competition. These schemes deviate from the permanent
regulation of access at usage cost-based prices in terms of the access pricing
policy (i.e. non-cost-based access prices), the access pricing formula (i.e. non-
usage access prices) and/or the regulatory regime employed (i.e. non-permanent
regulation of access).

This literature strand concludes that such alternative regulatory schemes can
induce the incumbent to undertake to socially optimal investments in NGA
networks (i.e. promote both static and dynamic efficiency) under certain
conditions concerning the demand and cost structure. However, these studies do
not take into account the fact that regulators have a significant incentive to
deviate from such schemes by setting a cost-based access price in order to
maximize the efficiency outcomes once NGA networks have been deployed. This
thesis modeled this fact in order to study the impact of regulatory uncertainty on
an i ncumbent 0s i ncentives t o undert
networks. It was found that the feasibility of the socially optimal outcome is not
only affected by the demand and cost structure, but also by the perceived
regulatory uncertainty.

A growing number of research studies propose a regulatory holidays regime
(under which the investor is not imposed to any regulatory constraints for a pre-
determined period of time) in order to maximize private investment incentives
since although the social benefits from NGA deployment by far exceed the private
incentive for investment, regulatory uncertainty and demand uncertainty
undermine the expected profits. This thesis contributed to this literature by
showing that a regulatory holidays regime may also improve social welfare if the
monopolist is allowed to geographically price discriminate when the investment
cost is not extremely low. However, even under the price discrimination regime,
the monopolist underinvests compared to the socially optimal geographically
differentiated NGA deployment.

It is thus obvious that although such alternative regulatory schemes may succeed
in increasing both static and dynamic efficiency, the full welfare gains are
achieved by facilities-based competition which reflects the long-run goal of the
regulatory policy. As a result, the future regulatory goal is expected to be the
migration from service-based to facilities-based competition over NGA networks.
The | iterature studying the iIimpact of
to invest in its own NGA networks (after the deployment of an NGA network by
the incumbent) provides mixed results. In addition, it does not take into account
that the disclosed regulatory policy

investment decisions in the transition from service-based competition over copper
access networks to service-based competition over NGA networks. This implies
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that the current and the future regulatory goals are closely related and a
combined regulatory policy should be applied. This fact is also present in the EC
Recommendation on regulated access to NGA networks which states that the
access should be set at cost-based prices including an access markup for
providing the initial investor with significant incentives, but such pricing scheme
should also reflect a proportionate application of the ladder of investment
principle in order to incentivize the access seekers to gradually invest in their own
NGA infrastructures.

This thesis contributed to this literature by proposing an innovative regulatory
approach which is based on the basic principles governing a CDS contract. It was
shown that under quite general but plausible assumptions about demand and
cost factors, the proposed approach can induce an efficient migration towards
facilities-based competition over NGA networks. It is thus obvious that this thesis
not only discussed the past, the present and the future state of
telecommunications networks, but also significantly contributed to the literature
which studies the optimal access pricing policy that achieves the past, the current
and the future regulatory goals. Although this contribution provides significant
results with clear policy implications, future research is needed in order to study
the robustness of the derived results under different conditions and improve the
proposed approaches by taking into account specific economic and technical
aspects of NGA networks.

In particular, the contributed research articles in this thesis do not take into
account the fact that the migration from copper access networks to NGA
networks is a slow process [93]. This implies that even if fibre access networks
replace much of the existing copper access infrastructures, there will be a period
during which both are in operation and are competing for customers. Therefore,
both the access prices for the copper and the NGA networks affect the final
outcomes in terms of investment incentives and competition. Firstly, in the
presence of a positive spillover of new investments, higher access prices
increase the incumbentodés opportunity
revenue effect (if the incumbent invests in a higher quality network, the entrant
will invest in reaction, and the incumbent will then lose some wholesale profits).
Secondly, low access prices for the copper access networks increase the
opportunity <cost of the entrantos [
investment less attractive, whereas low retail prices for the copper-based
services discourage consumers to move from the old to the new technology
unless the fibre-based services are priced sufficiently low as well [94]. The former

nvest

ef fect i's widely known as a fAreplacement
mi grationo effect. The fundament al point

higher retail prices. Therefore, a higher difference between fibre and copper
access prices implies a higher difference between fibre and copper retail prices,
which, in turn, disincentivizes both entrant and consumers to move to the NGA
networks. As a result, the impact of the regulation of the legacy network on the
firmsdéd investment i ncentives when th
there is an interplay between the access prices of the two networks has recently
attracted much attention and has been also studied by [95] and [96].

Another avenue for future research concerns the introduction of competition into

e NG.

the research articles that study a monopo

optimal investments in NGA networks under geographic price discrimination.
Such improvement will highlight the role of access regulation, whereas it will also
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trigger a discussion about the impact of wholesale price discrimination on the
efficiency outcomes.

Last, the related literature, part of which are the contributed research articles in
this thesis, implicitly or explicitly assumes that firms: (i) do not face capacity
constraints; and (ii) make their optimal choices under fixed-coefficient technology
with constant returns to scale. However, it is obvious that telecommunications
networks have a limited capacity, whereas they are also closely related to
modern technology which implies increasing returns to scale in production.
Therefore, potential multiple equilibria and market failure may change the nature
of access regulation.
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ABBREVIATIONS i ACRONYMS

ADSL Asymmetrical Digital Subscriber Line

CC Current Costs

CDS Credit Default Swap

CRTC Canad!an_ Radio-television and Telecommunications
Commission

EC European Commission

ECTA European Competitive Telecommunications Association

ESON Ethernet Switched Optical Network

ETNO isiorCigtignean Tel ecommunications

EU European Union

FCC Federal Communications Commission

FDC Fully Distributed/Allocated Cost

FTTC Fibre-to-the-Curb

FTTH Fibre-to-the-Home

GDP Gross Domestic Product

GPON Gigabit Passive Optical Network

HC Historic Costs

LLU Local Loop Unbundling

LRAIC Long Run Average Incremental Cost

LRIC Long Run Incremental Cost

MC Marginal Cost

NGA/NGAN Next Generation Access Networks

NRA National Regulatory Authority

OECD Organization for Economic Co-operation and Development

P2P(E) Point-to-Point (Ethernet)

PSTN Public Switched Telephone Network

SAC Stand-Alone Cost

SMP Significant Market Power

TELRIC Total Element Long Run Incremental Cost

TSLRIC Total Service Long Run Incremental Cost

usS United States (of America)

VDSL Very high-bit-rate Digital Subscriber Line

WACC Weighted Average Cost of Capital

B¢ KA Hellenic Telecommunications Organization
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APPENDIX A

The research towards the completion of this thesis led to the publication of six
original articles that are at the centre of the literature studying the optimal
regulatory intervention in each migration phase during the evolution of the
telecommunications networks. Appendix A quotes these articles as they have
been originally published in refereed international journals or including in the
proceedings of refereed international conferences.
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