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Executive Summary

EXECUTIVE SUMMARY
Introduction

This report is the main output of a project undertaken by Europe Economics for the Information
Society Directorate General of the European Commission (Commission). The main task of the
study was an examination of the cost structures of mobile networks and their relationship to
prices. This was done with a view to producing a report that provides the foundations for policy
analysis and initiatives, and to make suggestions for possible recommendation or guidelines on
costing and pricing in mobile networks. This required an examination of the cost structure of
mobile networks and their relationship to prices.

The European Commission’s motivation for looking at costs and prices in mobile telephony
stems, in part, from concerns that whilst the industry is generally competitive, there have been
concerns raised about the competitiveness of the supply of a few services. For example, there is
a perception that the incentives are not in place for competition in setting call termination rates.
Similarly, the charges mobile operators levy on consumers who roam abroad appear to bear no
relationship to the prices consumers pay for similar services on their own network.

Regulatory Actions

Our starting point is a review of the regulatory environment around Europe. The main findings
are summarised in Section 2. More details, on a country-by-country basis, are provided in the
Annex to the report.

There are two markets in which mobile operators can be judged to have significant market power
(SMP) — the mobile market and the market for interconnection. In 13 of the member countries of
the EU, at least one operator has been found to have SMP in the mobile market; eight of these
countries have found one or more operator to have SMP in the interconnection market.

Operators designated with SMP in the interconnection market, must observe cost orientation.
Price caps on termination rates for fixed-to-mobile calls have been introduced in eight member
states. Some of these countries also regulate the price for mobile-to-mobile call termination.
Most regulators that have imposed price caps have to date relied on either best-practice rates or
fully-allocated cost models.

In addition, NRAs can impose other regulations on operators, including those not designated with
SMP, to encourage competition, provided that the regulations are proportionate and based on
objective criteria. Thus, for example, NRAs may introduce polices concerned with access for
MVNOs, national roaming rights for 2G and 3G MNOs and site sharing arrangements between
MNOs.

The approaches taken have differed by regulator. This need not imply that some regulators have

adopted inappropriate policies. Instead, the situation may differ by countries, or the goals of the
NRAs may differ. If looking at costs and their relationship to prices, a sensible first step is to
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establish the goals that the regulator wishes to achieve. How to think about cost structures will
partly depend on the reason for looking at the costs.

Costs of a Network

A review of the overall competitiveness of the mobile industry may just be concerned with
comparing total costs with total revenues. Guidelines may be necessary to determine the
appropriate way to calculate the economic costs, as opposed to the reported accounting costs.
Differences may arise because of the way depreciation is estimated, or because of the difference
between current and historic costs. But NRAs have experience addressing such problems
regulating fixed network operators.

If the focus is on the costs of individual services, such as call termination or roaming, a more
detailed understanding of the costs of a mobile network will be necessary. (For reasons
explained in the report, calculating the average cost by dividing total costs by total minutes
produces a number that is not helpful for formulating a regulatory response.) Mobile networks
contain a variety of different elements, only some of which have direct correspondence with
elements in fixed networks. Base transceiver stations, backhaul, base station controllers, mobile
switching centres, transmission links, and spectrum are all important elements in a mobile
network.

Many of the differences between mobile and fixed networks when thinking about costs arise
because of the fact that mobile network customers can access the network from anywhere, rather
than from a defined point on the network. Mobile networks provide coverage. There are a variety
of ways to define coverage. We consider that for thinking about costs, defining coverage as the
capability to make a single call from any point of the network at a point in time is a sensible
approach. Other possible definitions are discussed.

Unlike subscribers and call minutes, where an individual can be identified as responsible for a
certain proportion of the total volume of the cost driver, this is not possible for the coverage. No-
one is individually responsible for a mobile network providing coverage in Berlin. An NRA wishing
to see prices set according to the principle of cost causality, popular for fixed-network regulation,
will need to determine how such a principle can be adapted for mobile networks to take into
account the fact that no subscriber causes coverage costs individually. The cost drivers for
network elements will differ. The major cost drivers are the number of subscribers, the volume of
traffic (call attempts and call minutes) and the geographical area covered by the network. For
many of the elements, there is more than one cost driver. Most elements are influenced both by
the geographical area to be covered and the volume of traffic. This complicates attempts to make
general comments about the sensitivity of costs to changes in a cost driver. For example,
doubling the size of the geographical area covered by a network that carries almost no traffic will
almost double the cost of the radio network (the costs of sites and BTSs will double). Yet the
costs of two networks that both carry large volumes of traffic may be the same, even if one covers
an area twice the size of the other.

Other factors that will influence the cost of mobile network, beyond the three main cost drivers,
are differences in terrain, availability of spectrum, and the ease of obtaining planning permission.
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All of these factors may differ by country, although trying to quantify the impact for the purpose of
cross-country comparisons is complicated by the fact that their impact will depend on the size of
the main cost drivers. Terrain can affect the costs of coverage, most notably in the case of
mountains — a mountainous region may require many more sites to cover the same area as a
flat region. Network operators with more spectrum will be able to reduce the amount of cell
splitting that is necessary, reducing the costs of sites and BTSs. Differences in planning
restrictions, including differences in health and safety regulations, may increase the cost of
providing coverage.

Markets and Services

In mobile networks the distinction between wholesale and retail markets may be a useful one to
make. The competitiveness of the retail market inevitably depends in part on the nature of the
wholesale market. The scarcity of spectrum means that entry is restricted in the wholesale
market. There is a limit to the number of competitors. The possibility exists for intermediaries to
compete with MNOs in the retail market. The intermediaries may be mobile virtual network
operators; they may be airtime resellers. Competition in the retail market will involve competing
tariff structures, quality and ranges of services.

To cost individual services, and compare these to the prices of those services, requires as a first
step a definition of the services. This seemingly academic exercise is important. For mobile
networks, there is more than one way to define the services in ways that appear reasonable. The
main controversy surrounds what services include coverage.

Is coverage a separate service that consumers purchase separately or is coverage part of a
bundled service that consumers pay for when they pay for call origination or termination? In a
fixed network, the services more easily divide into access network services and core network
services. In a mobile network, it is unclear whether coverage is part of an access service or part
of a conveyance service. We argue that to define coverage either way is defensible. But the
choice has implications for the costs calculated for the different services. We favour including
coverage as part of the service a customer purchases when making a call.

One practical advantage of our approach is that the costs estimated for call termination will be the
same as the costs estimated for allowing a roaming customer to terminate a call, a scenario
where it would be harder to argue that the network permitting the roaming has already received a
payment for the costs of the coverage provided. Thus a model built to look at wholesale costs
would not have to distinguish between roamed and non-roamed traffic. If looking at retail roaming
costs, then it would be necessary to include retail costs such as billing and advertising. These are
costs incurred to provide the service.

Costing Services
It is important to be clear about what is meant by the cost of a service. In economics there are a

number of cost concepts: incremental, stand-alone, average, marginal, total, joint, etc.
Calculating the cost of a service needs not just a definition of the service, but also a clear
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understanding of which cost it is that is being estimated. It is also important to understand that
cost and price are two different concepts.

For a given cost concept, the per minute cost of call termination and call origination is likely to be
similar. But for mobile networks there will be large joint costs between services. We recommend
that any cost model that is built should clearly identify such costs. Because joint costs are large, it
is impossible to identify a unique value for the cost of different services. The incremental and
stand-alone costs of call termination will be very different. Ditto for call origination. The
differences will be more significant than is the case for fixed telephony. It will not be unusual for
the stand-alone cost of a service to be over 100 per cent higher than its incremental cost. For
networks with low market penetration, it may even by the case that the incremental cost of voice
traffic is zero.

FL-LRIC methodologies are increasingly being used to provide estimates of the costs of services
in fixed networks. Such methods will be useful in mobile settings as a means of identifying joint
costs. The definition of the increments should not be motivated by a desire to minimise the
measured size of the joint costs. The size of the joint costs is invariant to the methodology used;
some methodologies may merely be less transparent and fail to measure the joint costs. We
recommend that there should be three increments — subscribers, traffic and coverage —
corresponding to the three main cost drivers. The incremental cost of traffic will be the costs on
top of providing coverage and serving subscribers, that the network incurs to be able to carry the
traffic load. A LRAIC approach could be used to allocate the incremental costs of traffic to the
different services within the increment.  Attempting to calculate the LRIC of the services will
produce results that depend on the sequence in which the incremental costs are calculated. The
model should estimate the stand-alone costs of coverage. These costs will almost all be joint with
the traffic increment. They also represent the bulk of the joint costs between call origination and
call termination.

Dynamic Considerations

In fixed networks one of the concerns has been that incumbent operators with legacy networks
should not receive compensation for inefficiently incurred costs. Such concerns are in our opinion
less likely to be a concern in mobile networks. Assuming there is competition between MNOs in
the provision of some services, competitive pressures will force the operators to be efficient in the
provision of these services. Since different services use the same network elements, this should
mean that productive efficiency holds for all services.

Competition between network operators should not only ensure that the operators are reasonably
efficient in the production of a service. It may also mean that they provide different services, or
different qualities of service. In the case of service quality, improving the quality of call origination
will improve the quality of call termination. The regulator will have to make a judgement on what
quality of service the calling party should pay for if attempting to cost the service of call origination
for the purposes of setting prices. There is considerable merit in setting this with reference to the
quality that a caller to the network actually receives rather than some notion of the efficient quality
of service that an operator should provide.
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The most obvious example of new services concerns the rollout of 3G networks, with the added
features that this technology promises to offer. Costs incurred to provide these new services do
not represent the costs of providing current services. The cost of terminating a voice call is
independent of the cost of a 3G-spectrum license. However, in many instances it will be difficult
to isolate the costs of current and future services. The network topology of 3G networks will likely
differ to that for 2G services. An efficient MNO will build its network with a view to migrating to 3G
technologies. It will not seek to minimise costs at a point in time, but rather minimise costs in the
long run.

The regulator will need to trade-off between theoretical correctness and what is practical. In
assessing the trade-off the goals of the regulator will be important. For most exercises, we would,
for example, recommend that the sites of the network operator are taken as given (a scorched-
node assumption), even if some of the sites are only necessary because of the plans to move to
a 3G network. Similarly, in many instances the company’s cost of capital should be used as an
estimate for the cost of capital of a service.

Costs and Prices

The main result that emerges from our study is that costs alone are not sufficient to explain
observed price differences. Nor is it satisfactory to focus solely on costs if the intention is to
regulate prices. The presence of joint costs, mainly between coverage and traffic, means that
demand conditions are important.

If the regulator’s goal is for prices to correspond to those in a competitive market, then prices
should be such that the stand-alone costs of each service are not exceeded by the revenue
earned on that service. Moreover, total revenues should not exceed total costs. If these
conditions hold, then the outcome is consistent with a competitive industry.

Alternatively, the regulator may wish to observe prices that realise allocative efficiency, subject to
the constraint that MNOs should be able to break-even. In this case Ramey prices may be
appropriate — the services for which demand is least price sensitive should be the ones from
which most of the joint costs are recovered. Competing firms would not necessarily choose the
efficient Ramsey prices. If competition is greater for call origination than for call termination, the
unregulated prices of call origination would be lower than the industry-level Ramsey price and call
origination prices would be too high. To realise allocative efficiency, the regulator would need to
regulate the prices of all the operators, not just an individual operator. Moreover, to do this
properly would require estimation of demand elasticities. Obtaining reliable estimates of demand
elasticities for different mobile services is not easy and may be impractical in a market with
demand changing. But since joint costs are large in mobile telephony, even if the exact
elasticities cannot be calculated, good regulation should give some thought to the likely
differences in elasticity between different services. Using equi-proportionate mark-ups to set cost-
based price caps, without regard to demand conditions, may reduce rather than increase
allocative efficiency.

The tariff structures offered in the retail market for mobile telephony provide evidence that
competitive markets do not necessarily result in cost-based pricing. Operators often offer a range
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of different tariff structures, allowing customers to self-select the most suitable plan given their
calling needs. The customer may pay close to incremental cost for those services (s)he most
values, while paying closer to stand-alone cost for less important services. In this way, the
operator is able to attract more customers and also earn the mark-up on some services that is
necessary if joint costs are to be recovered. It is neither efficient nor desirable for all customers to
face the same uniform tariff for each service the operator provides.

Another complication with comparing prices to costs is that firms are operating in a dynamic
environment. Their pricing decisions, as with their investment decisions, will be set to optimise
profits over a period of time rather than at a single point in time. Consequently, there will be some
dates when costs exceed prices and other periods when prices exceed costs. To insist on prices
equal to costs at all dates would be to deter investments in new technologies. The prospect of
earning profits in the future on an investment is necessary for the firm to invest in the first place
and risk making a loss.

Because prices depend on both supply (costs) and demand conditions in a market, there is a limit
to what can be learned from undertaking cross-country comparisons. Comparing the price of a
service with the price charged in other countries for that service will not provide information on the
relative efficiency or competitiveness of that countries mobile industry. The joint costs may be
recovered differently in different countries. Even looking at prices of all services and trying to
draw conclusions is limited by dynamic considerations — networks and competition may evolve
differently in different countries.

Roaming

The costs, however defined, of providing roaming services in the wholesale market are not too
dissimilar to the costs of providing the equivalent services to the networks own customers. For
call origination, there is almost no difference in terms of costs, between roamed and non-roamed
calls. The differences are larger for terminating calls, but these differences are not enough to
explain the large price differences that have been reported.

But for the same reasons as outlined above, the focus on costs alone to explain price differences
is mistaken. Demand conditions are also important. For example, if the roaming customer is
typically using a business phone we might expect reduced price sensitivity compared to
residential users." Comparing costs with prices should be confined to checking that the stand-
alone cost of the network services, including the additional cost of facilities enabling roaming
services, is less than its price. If this is not the case, regulators will need to consider whether
competition can be increased in the market or whether a price cap is warranted.  Other
examinations about the prices of roaming services will need to consider supply and demand.

For retail roaming, the 10T represents most of the network costs associated with a call. However,
the operator will also incur costs associated with retailing, such as billing and advertising. Many
of these costs will be joint across a range of retail services, including a roaming service. So

! NRAs and the EC are increasingly receiving complaints from consumers travelling abroad about what they perceive as high

charges for roaming as compared with domestic mobile charges.
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demand conditions will matter for the price of the retail services, if considering what the
“competitive” price should be or what an “efficient” price would be.

Summary

To summarise, there are important differences between fixed and mobile networks. Applying the
same approach to regulate mobile networks as was applied to fixed networks may not be
appropriate

. There should be less of a concern over inefficient network infrastructure — regulation
should not target productive efficiency in mobile networks without good reason.

. The provision of coverage is a substantial cost in mobile telephony that cannot be
attributed to individual users or services by cost causality. There is no parallel to this in
fixed networks.

. Because of the large joint costs in mobile telephony it is even more important to take a
sophisticated view of the relationship that arises between costs and prices in competitive
markets — there are many different ways that prices could be set that are consistent with
the workings of a competitive industry.

We recommend that before initiating any cost analysis a regulator should clearly identify what
goals they wish to achieve, and the relative importance of these different objectives. Regulatory
action to control prices might be justified if

. The revenues that operators participating in the market earn from a service are
persistently above the stand-alone cost of the service; or

. There is a strong case that allocative efficiency can be improved or distributional goals
realised by rebalancing prices between different services or users and the full implications
of this intervention have been thought through.

Intervention should not be justified solely because prices for one service are different from prices
for another technically similar service; nor because prices for a service in one country appear
different to prices for the same service in another country.

Where intervention is considered necessary, regulatory transparency is desirable. If costing
services, the regulator will need to define clearly the services being considered. A good cost
model will explicitly identify any joint costs, and justify the rules used to allocate these. The
detailed recommendations included in this report are intended to help regulators in understanding
key issues if contemplating building a cost model for the control of prices of mobile services.
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1 INTRODUCTION
11 Mobile Telephony Markets in the EU

Two developments characterise mobile telephony in the EU in recent years. The first is the rapid
growth of the proportion of the population owning a mobile phone. Second, as the mobile market
has been liberalised more mobile network operators (MNOs) have been licensed and have begun
operations. Table 1.1 below provides evidence of these two developments. It shows rising
penetration rates and most markets becoming less concentrated between 1997 and 2000. The
market penetration rate is the percentage of the population owning a mobile phone, whilst
concentration in terms of the numbers of subscribers has been measured by a Herfindahl
concentration index (calculated as a sum of the squares of the firms’ shares of market
subscribers).?

Table 1.1: Developments in European Mobile Markets

Penetration Herfindahl
Rate (%) Indices
1997 2000 1997 2000
Belgium 9.6 21.5%
Germany 10.1 58.7  0.346™  0.341
Denmark 27.3 62.9 0.509 0.296
Greece 8.9 56.5 0.514 0.338
Spain 10.8 62.0 0.635* 0.418
Finland 42.0 72.0 0.562 0.487
France 19* 49 0.380
Ireland 9.5 73 0.529
Italy 20.5# 42.8#" 0.399
Luxembourg 16.1# 39.3%"
The Netherlands | 70.8# 60 0.531*  0.343
Austria 14.3 497 0.423%
Portugal 15.4 67
Sweden 35.8# 71 0.279 0.376
United Kingdom 204 289" 0.299* 0.260
Norway 38 74.8 0.503

Source: the various national regulatory authorities, except where marked with # -
these data are from OECD Report 1999 Cellular pricing structures and trends

*1998 data, 7999 data. The Herfindahl index is calculated using proportion of total
subscribers to determine market share.

There are concerns however that not all aspects of the mobile telecoms market are competitive.
Witness the recent raids on German and UK mobile operators as part of an ongoing review on

2 The index ranges from one, which indicates a monopoly, to zero. A lower value indicates a less concentrated market. If there are n

firms each with an identical market share, the Herfindahl index value will be 1/n. If there are four firms in the industry, the Herfindahl
index could not be lower than 0.25.
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roaming prices by the EC's DG Competition. There are also concerns that the charges for
terminating calls to mobiles are too high® and that mobile virtual network operators (MVNOs) and
independent access providers are being charged too much. These concerns raise questions
about the amount of competition in the wholesale market for mobile telephony.*

Under regulatory framework provided by EU law and Commission guidelines, National
Regulatory Authorities (NRAs) in Member States have acted with a range of measures to
regulate competition in the wholesale and retail markets. A number of mobile operators in
Member States for example are obliged to offer cost-oriented mobile termination tariffs. Whilst the
cost structure of an incumbent’s fixed network has been subject to detailed study, the cost
structure of a mobile network, and its relationship to prices, is less well understood.

The central purpose of this project was to establish the nature of the cost structures of mobile
networks, to analyse the relationships between the prices and costs of mobile services, and to
make suggestions for possible Commission recommendations and/or guidelines on costing and
pricing in mobile networks. The role of the project was not to assess the competitiveness, or
otherwise, of the mobile telecommunications industry in any particular member state or across
the EU as a whole. Nor was it to build a cost model to generate estimates of the costs of different
services.

Instead the report seeks to provide a clear understanding of the cost structure of 2G mobile
networks and their relationship to prices. The focus is on the conceptual issues and on their
implications for regulators. Cost data are as sensitive in this industry as in other sectors, if not
more so, and no mobile operator was prepared to provide data to us. We have used the limited
publicly available data to illustrate key points, and have explained the kinds of data that would be
needed for particular objectives or decisions.

1.2 Purpose and Structure of this Report
The rest of the report has the following structure.

Section 2 serves as an introduction and summary to regulatory actions and initiatives relevant to
mobile telephony by NRAs in Member States within the framework provided by the EU. There is
a discussion of the implications of designation of Significant Market Power. It also addresses
other measures that NRAs have adopted to promote competition in the wholesale and retail
mobile market. Section 2 is supplemented by a more detailed report of the mobile market and
regulatory initiatives in each Member State contained in the Annex.

Section 3 identifies the cost elements and cost drivers for GSM networks. What are the factors
that influence the total cost of a network? The three standard cost drivers associated with mobile
networks are subscribers, coverage and traffic. The section discusses how these cost drivers

For example, MCI Worldcom have produced cost estimates suggesting the costs of call termination are much lower than the price.
The numbers we have seen are too aggregated to permit detailed analysis.

Interestingly, some economists have developed models suggesting that in an unregulated setting, termination charges will be
higher the less concentrated the mobile network market is since firms with small market shares cease to consider the demand-
reducing effects higher termination rates will have on their business. See Joshua S Gans and Stephen P King (2000) “Mobile
network competition, customer ignorance and fixed-to-mobile call prices”, mimeo, University of Melbourne.
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affect different costs in the network. It also identifies other potential cost drivers. Appendix A2 to
this report introduces in detail the operations provided by a GSM network and the network
elements involved.

In Section 4 the report addresses the question of how to define different markets for mobile
services. The distinction between retail and wholesale markets is one that is followed throughout
the report. This Section also defines call origination, call termination and roaming services.

The next three Sections focus on the domestic network.

In Section 5 the possibility of costing the network at a more disaggregated level than the whole
network is considered, i.e. what approach can be used to cost individual services? It looks at
approaches to allocating costs to services, including a discussion of how to the increments might
be defined if seeking to measure incremental costs.

Section 6 discusses how to cost mobile networks given the nature of competition between mobile
network operators. It discusses how the relationship between the network’s dimensioning and
the quality of service might be considered when attempting to cost a given service. The section
also discusses how to treat investments, looking at how to calculate annualisation charges and
also the effect of future plans on the current costs.

Prices, and how they might relate to costs, are discussed in Section 7. There is a discussion of
how pricing issues relate to the development of a regulatory framework.

Section 8 looks at roaming. Although the previous sections focus on a domestic network, many
of the principles apply equally to roaming. Moreover, the section shows why, from the supply side
there is not necessarily a great distinction between roaming services and other services that
MNOs provide.

Finally, Section 9 briefly reviews some of the main implications our report has for regulatory
strategies.
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2 REGULATORY ACTIONS AND INITIATIVES

Summary

J 24 MNOs have been designated as having SMP in the mobile market. Of these, 12
MNOs in 8 Member States have also been notified with SMP in the market for

interconnection.
. Obligations vary with respect to interconnection and site sharing in the Member States.
. Price controls on mobile termination charges apply in 8 Member States.

2.1 Overview

The EC provides the framework for regulatory action and initiatives in Member States. Until the
1999 Review the main body of mobile sector specific legislation relevant to this study could be
found under the Mobile Directive (96/2/EC) and the Interconnection Directive (97/33/EC). Other
sources of reference include the R&TTE Directive (99/5/EC), the Licensing Directive (97/13/EC)
and the UMTS Decision (128/1999/EC).

The 1999 Communications Review for a new Regulatory Framework for Electronic
Communications and Services resulted in six proposed legal measures. The Lisbon European
Council of March 2000 called on Member States to make the utmost effort to adopt these
measures as soon as possible in the course of 2001. The six proposals are to be adopted jointly
by the European Parliament and the Council under Article 251 of the EC Treaty. The six
proposals are as follows:

1) A common regulatory framework for the electronic communications networks and services
Com (2000) 394;

2) Universal service and user’s rights relating to electronic communications networks and
services Com (2000) 392;

3) Access to, and interconnection of, electronic communications networks and associated
facilities Com (2000) 384;

4) The processing of personal data and the protection of privacy in the electronic
communications sector Com (2000) 385;

5) The authorisation of electronic communications networks and services Com (2000) 386; and

6) A regulatory framework for radio spectrum policy in the European Community Com (2000)
407.

Of these six proposals, the first three are of particular relevance to this study into the costs of
mobile networks. Under (1) (the framework directive) there is a new definition of SMP based on
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the competition law of dominance. This directive also covers the granting of rights of way and
co-location. Under (2) (the universal service and user’s rights directive) number portability is to be
introduced in Member States, and the right of NRAs to impose proportionate obligations on
MNOs to meet legitimate public policy considerations is reaffirmed. Under (3) (on access and
interconnection) there is much continuity with former interconnection obligations and the right of
NRAs to impose proportionate access obligations on MNOs to meet legitimate public policy
considerations is further harmonised and reaffirmed. Specifically, the primary interconnectivity
rule and mention of the obligations of transparency, non-discrimination, accounting separation,
obligations of access to specific network facilities and cost orientation as available regulatory tools
for NRAs.

Table 2.1 presents an overview of the regulatory actions and initiatives undertaken by NRAs in
Member States under the current regulatory framework. As the table shows the actions of some
Member States have been influenced by the new EU proposals even though the bulk of the
regulatory action covered in the table will have been implemented under the existing EC
legislation summarised in the first paragraph of this overview section.

The table provides information on the number of MNOs, and notified MNOs by Member State.
SMP in the Mobile market and SMP for Interconnection are MNO designations specified in the
Interconnection Directive (97/33/EC) based on share of revenue. There is a more detailed
discussion of SMP and the trigger obligations that apply in Member States in Section 2.2.

Eight NRAs have imposed some form of price regulation on mobile termination. These are listed
in the table and also discussed in more detail in Section 2.3.

Regulators have taken action to promote competition in the wholesale and retail markets. As the
table indicates the requirements placed on MNOs to provide wholesale access and co-location or
site sharing are not the same in different Member States. To promote competition in the retail
market many member states have taken steps to implement number portability in accordance
with the proposal on universal service and user’s rights (Com (2000) 392.) Measures to promote
competition are the subject of Section 2.4, while Section 2.5 emphasises the important choice
between different possible objectives that regulators face.

This Section is supplemented by the Annex to this report, which presents more detailed
information on the mobile market and regulatory initiatives in each Member State. The data has
been collected from a number of sources, primarily from public information made available by the
NRAs themselves. Another main source is the implementation reports published by the
Information Society on an annual basis. The information is yet to be confirmed with the relevant
NRAs.
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Table 2.1: Summary of Regulatory Actions

Country No. No. 3G Notified MNOs Price controls for call Measures to promote competition in the wholesale market... and the retail market
MNOs licenses termination *
(of which new SMP SMP Fixed-to- Mobile-to-  Access and national roaming Site-sharing Number portability
entrants) Mobile Intercon- mobile mobile
nection
Belgium 3 3 1 1 RPI—15% on termination ~ Obligations on national roaming Site-sharing obligations inserted into  Introduced 2000.
charges from Feb. 2001 inserted into 3G licenses. New 3G licenses.
entrants may roam for 8 years.
Germany 4 6 (2) 0 0 - - All MNOs must offer interconnection Scheduled for Jan.
and access for service providers, 2002.
including MVNOs under commercial
negotiations.
Co-operation  including  extensive
national roaming endorsed for 3G
entrants tp provide 50% coverage.
Denmark 4 4 2 0 - - All MNOs must provide access for All MNOs must offer the lease of Introduced 2000.
service providers, including MVNOs, infrastructure and sharing of
and national roaming subject to faciliies. SMP MNOs must offer at
technical and financial feasibility. cost-oriented prices.
3G entrants entitled to roam on 2G
networks and between one another.
Greece 3 3 0 0 - - All MNOs must offer national roaming. Al MNOs required to offer the Scheduled for 2003.
sharing of equipment and property.
Spain 3 4 2 1 - - SMP MNOs offer access at cost- Not yet available
oriented charges.
All MNOs offer roaming to 3G entrants
Finland 4 4 2 2 Sonera has been obliged  All MNOs offer access, including for  All MNOs required to lease capacity  Not yet available

in April 2001 to lower its
interconnection charges to
a cost-oriented level.

MVNOs. 3G MNOs have right to roam
on GSM networks outside their
coverage area for 8 years.

and facilities subject to feasibility.
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Country No. No. 3G Notified MNOs Price controls for call Measures to promote competition in the wholesale market... and the retail market
MNOs licenses termination *
(of which new SMP SMP Fixed-to- Mobile-to-  Access and national roaming Site-sharing Number portability
entrants) Mobile Intercon- mobile mobile
nection
France 3 2 2 2 In Oct. 2000 Orange was There are conditions for Implemented January
ordered by ART to lower infrastructure sharing in sparsely 2001.
its call termination charges populated areas.
by 20%.
In Nov. 2001 ART ordered
Orange and SFR to price-
cap call termination to
max. 15 Euro-cent/min by
2004.
Ireland 3 4 will be 2 2 - - MNOs must meet requests for access, Subject to commercial negotiation. Scheduled for 2002.
awarded by including MVNOs under commercial
beauty contest negotiations
at the end of
2001.
Italy 4 5(2) 2 2 18.65 - SMP MNOs must offer national SMP MNOs must meet all requests  Introduced June 2001
Euro- roaming for new 3G entrants on cost on cost-oriented terms of SMP
cents/min oriented bases. MNOs.
SMP only
Luxembourg 2 2 0 - - No obligations for access or roaming . Not yet available.
Netherlands 5 5 2 0 - - SMP MNOs must meet all requests for  Required of all MNOs, but changes Implemented February
access, including MVNOs. Roaming to legislation expected in order to 2000
subject to commercial negotiation. strengthen NRA’s capacity for
enforcement.
Austria 4 6 (2) 2 1 3 operators have been MNO with SMP in interconnection Not yet available.
obliged to provide must provide interconnection, including
termination at 13.8 Euro-  indirect access, on cost-oriented
cents/min. terms.
Portugal 3 4 2 0 Price cap - All MNOs subject to general obligation ~ All MNOs obliged to share facilites  Scheduled 2002.
All MNOs. to lease excess capacity on cost- in some circumstances.
oriented terms.
Sweden 3 4(2) 1 1 0.98 SEK/min (approx. 10 All MNOs required to offer excess Subject to commercial negotiation. Scheduled Sep. 2001.

Euro-cents/min) SMP
only. All other MNOs
allowed additional 10%

capacity to service providers on fair
market terms.

MNOs operating more than 5 years
must grant national roaming on fair
terms.
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Country No.
MNOs

No. 3G
licenses

Notified MNOs

SMP
Mobile

(of which new
entrants)

SMP
Intercon-
nection

Price controls for call
termination *

Fixed-to-
mobile

Mobile-to-
mobile

Measures to promote competition in the wholesale market...

Access and national roaming Site-sharing

and the retail market

Number portability

United Kingdom 4 5(1) 2 0

11.7 £/min
(approx. 19
Euro-
cents/min)
(1999) RPI-
9% SMP
only

Proposed
RPI-12%
(2002-06)
all
operators**

SMP  MNOs
wholesale
roaming
negotiation.

obliged to
airtime, and
under

national
commercial

supply  Subject to commercial negotiation.

Implemented 2000.

Where an MNO has been designated with SMP for Interconnection, it is also included in the column for SMP Mobile. This follows from the definition of SMP based on share of revenues in

specified markets.

The information contained in this table is derived from a number of sources. It has not yet been checked with the relevant NRAs.

* Charge controls are quoted in the relevant domestic currency. Following confirmation with NRAs they will also be presented in euros.

** Current proposals are for a change to RPI — 12 per cent for fixed-to-mobile to be introduced in March 2002 when the current control expires, and for this to apply to all four operators.
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2.2 Notified Operators

Until now, SMP has been imposed upon MNOs in Member States deemed to have market share
revenues of greater than 25%, under the Interconnection Directive (97/33/EC). Designation of
SMP in the mobile market is based in an assessment of mobile interconnection revenues only,
whilst SMP for interconnection is based on an assessment of total interconnection revenues from
the fixed, mobile and leased line markets considered all together.”

Designation with Significant Market Power is the main mechanism by which NRAs become
directly interested in the relationship between costs and prices of a particular MNO. Following the
1999 Communications Review, an MNO will be designated with SMP if independently or jointly
with others, it enjoys a position of economic strength affording the power to behave to an
appreciable extent independently from competitors, customer’s and ultimately consumers.
Indeed, the revised definition of SMP also covers the leverage of dominant position on an
associated market. The proposed directive on access and interconnection (Com (2000) 384)
reaffirms previous EC policy that NRAs may impose price controls, including obligations for cost
orientation and obligations for cost accounting systems, in situations where market analysis
indicates existing and durable market failure.

Table 2.2 lists the MNOs designated with SMP in the Mobile market and SMP for Interconnection
in each Member State.

Table 2.2: Notified Operators in the Member States

Country SMP in the Mobile market SMP for Interconnection
(transparency and non- (cost-orientation obligation)
discrimination obligations)

Belgium Proximus Proximus

Denmark Tele Denmark, Sonofon

Spain Telefonica, Airtel Telefonica

Finland Sonera, Radiolinka Sonera, Radiolinka

France Orange, SFR Orange, SFR

Ireland Eircell, Esat Digifon Eircell, Esat Digifon

ltaly TIM, Omnitel TIM, Omnitel

Luxembourg LUXGSM, Tango

Netherlands KPN, Libertel

Austria Mobilkom, max.mobile Mobilkom

Portugal TMN, Telecel

Sweden Telia Telia

United Kingdom Vodafone, BT Cellnet

Source: DG Information Society

8 See “Determination of organisations with significant market power (SMP) for implementation of ONP Directives”, DGINFSO, 1.3.99

at http://mwww.europa.eu.int/ISPO/infosoc/telecompolicy/en/comm-en.htm#misc.
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The designation of SMP for an MNO in either the mobile market or the national market for
Interconnection will result in a set of obligations. The designation of SMP in the national market
for Interconnection obliges the MNO to observe cost orientation for call origination and
termination (in addition to other obligations imposed by the NRA.) It is the responsibility of the
NRA to monitor and enforce compliance with this ruling. Table 2.3 includes a summary of what
initiatives NRAs have undertaken following the designation of SMP for Interconnection.

Table 2.3: Actions Following Designation of SMP for Interconnection

MNOs designated with SMP for Relevant action by regulator
Interconnection

Spain (Telefonica) SMP MNO (and Airtel) required to unbundle interconnection and
mobile services, and undertake cost accounting.

Finland (Sonera and Radiolinja) Investigated costs for termination in both networks with onus on
MNOs to show how they have computed their costs.
Charge reductions for call termination imposed on Sonera only.
France (Orange and SFR) Set of guidelines published in June 2001 but assessment of costs
and their relationship to termination charges not yet undertaken.
Orange and SFR ordered to reduce call termination charges to 15
Euro-cent/min by 2004.

(For all MNOs regardless of SMP designation, ART have fixed call
termination rates for incoming international calls. Raising them to
FRF 1.26 for 2001.)

Ireland (Eircell) There has been no regulation of call termination rates. In 2000 the
ODTR announced it was undertaking a study of Interconnection
rates.

[taly (TIM and Omnitel) SMP MNQO’s call termination rates are capped at average charge of

360 Lit/min based on European best practice but these do not
presently bite. The MNOs are allowed to differentiate between peak
and off-peak termination charges.

Austria (Mobilkom) SMP MNO has price cap based on NRA’s assessment of cost.
(Secondary legislation stipulates specifically LRIC basis for cost-
orientation of charges.)

(Other MNOs have been asked to reduce charges in line with
SMP’s price cap. This is being challenged in the courts.)

Sweden (Telia) NRA has imposed price reductions for call termination three times
on SMP MNO. Price cap is 0.98 kroner/min. as of June 2001.

(Reasonable termination charges for other MNOs is considered to
be the SMP MNO’s price cap + 10%.)

Source: NRAs in member states, Info Soc. implementation reports.

2.3 Price Controls

Overall, the market for call termination is directly regulated in eight Member States. The obligation
of cost orientation for an MNO with SMP for Interconnection is most directly enforced by NRAs in
the market for call termination. This is done by the imposition of a price cap. However, in some
member states price controls are not restricted to MNOs with SMP for Interconnection.
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Whilst some NRA regulate both fixed-to-mobile termination and mobile-to-mobile termination
rates with one price cap, others apply price control only to fixed-to-mobile termination, allowing
MNOs to negotiate mobile-to-mobile interconnection agreements between themselves. Both Italy
and the UK (discussed in greater detail below) belong to this second category.

In France, the NRA has directly regulated only the fixed-to-mobile termination charge, but has
imposed the price cap on all MNOs. International re-routing of national fixed-to-mobile calls
(known as tromboning) was becoming widespread due to cheaper rates for terminating
international calls on mobile networks. Both national and international termination charges are
now required to be at the same level.

In Sweden, the NRA indicated in 1999 that it would not take action against tromboning. The
Swedish NRA however, imposes a price cap for mobile-to-mobile as well as fixed-to-mobile
termination on the SMP MNO. PTS has reduced the charges of the SMP operator three times
since commencing the review of its termination charges in 1999. The termination charge of non-
SMP MNOs need not be cost-oriented, however the PTS has indicated that it considers
reasonable compensation to be within an additional 10% of the cost-oriented price faced by the
SMP MNO.

2.3.1 Establishing the level of a price cap on call termination: Italy and the UK

In ltaly, two operators were designated with SMP for Interconnection in Sep. 1999. A price cap
was applied to fixed-to-mobile termination charges while no specific regulation was imposed on
mobile-to-mobile interconnection charges. The current regulatory regime concerning the
calculation of interconnection charges is based on the FDC accounting methodology. The OECD
Report on Regulatory Reform in Italy, 2001 indicated that in the fixed network, this tends to over
compensate the incumbent by subsidising inefficient historical costs incurred by the incumbent.
The interconnection procedure allows AGCOM to determine interconnection charges either by
accepting the incumbent’s proposal based on the FDC model or to impose EU best practice if the
proposed interconnection charge is above EU best practice.

AGCOM has set up a charge cap on fixed-to-mobile termination for the two SMP operators of 360
Lit/min, this is set out in Delibra 338/99. The MNOs are allowed to differentiate interconnection
charges based on the retail charging mechanism, so charges differ between peak (430 LL/min)
and off-peak (190 LL/min.) The imposition of the price cap resulted in an average reduction in
charges of 29%. The level of the price cap was based on an assessment of an international best
practice as identified by an external auditor into an investigation conducted by the DG
Competition of the European Commission. Also considered was a 1998 KPMG Report for the
European Commission suggesting possible differences in termination costs which could be
reflected in the termination charge. The price cap that was finally imposed is higher than the one
recommended by the competition authority.

In its Recommendation 98/195/EC on interconnection pricing and cost-accounting, issued Jan.
1998, the EC recommended the use of LRIC as the basis for determining interconnection prices
to promote efficiency and effective competition.
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Another decision by AGCOM, Delibra 340/00 obliges the SMP MNOs to prepare a regulatory
accounting system based on FAC for the year 1999, as an intermediate step for the final adoption
of LRIC in future years.

Oftel imposed a price cap for fixed-to-mobile call termination rates for the two SMP MNOs in
March 1999. The price cap was to be reduced by RPI-9% on an annual basis. The existing
controls on Vodafone’s and BTCellnet's termination charges are based on a FAC historic cost
basis. However, the price-cap is due to come up for review next year. Oftel has conducted an
analysis of competition in the mobile market in order to determine whether regulation is necessary
for fixed-to-mobile and/ or mobile-to-mobile termination charges. As in ltaly, presently mobile-to-
mobile termination charges are not regulated. Oftel started a work programme with the industry to
establish the LRIC of termination on mobile networks. It has developed a ‘bottom-up’ economic-
engineering model building on earlier work conducted in 1998.° Current proposals are to change
the fixed-to-mobile price control to RPI-12% from March 2002, and for this to apply to all four
operators.

2.4 Measures to Promote Competition
241 The wholesale market

Not all regulatory initiatives commit the NRA to direct consideration of the relationship between
prices and costs. In general, MNOs designated with SMP in the Mobile market are at a minimum
obliged to be non-discriminatory with respect to interconnection, so they must offer similar terms
to all parties. Within the legislative framework provided by the EC, the NRA can enforce
obligations on MNOs to encourage competition regardless of their overall market influence and
whether or not they are notified of SMP.

The primary interconnectivity rule implies that all undertakings (in the mobile market) have a right
to negotiate terms of interconnection with other undertakings. The definition of interconnection
refers to interconnection between two undertakings such that the users of one undertaking may
communicate with or access services provided by another undertaking.

Another issue for wholesale competition is co-location of infrastructure. The regulatory framework
indicates that site-sharing should be encouraged and subject to commercial negotiation.
Collocation of infrastructure may have a significant impact on the cost of rolling out new networks,
and the cost of running a network if conditions in a country make it difficult to place and use sites
efficiently. In some Member States permits can be refused for environmental and health reasons.
In some cases the fees levied for infrastructure development and the taxes levied by
municipalities are not harmonised at national level.

NRAs may undertake regulatory initiatives to promote competition by ensuring access on specific
terms for new entrants, service providers and MVNOs. Beyond the primary interconnectivity
requirement and the condition that collocation should be subject to commercial agreement
between MNOs, NRAs across Member States do not have the same additional policies with

6 A version of the LRIC model from this OF TEL research was made public on 26 September 2001.
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respect to access for MVNOs, national roaming rights for 2G and 3G MNOs, and site-sharing
arrangements between MNOs.

Table 2.4 illustrates some of the different regulatory initiatives adopted by NRAs with respect to
the wholesale market, but includes only a selection of Member States.

Table 2.4: Regulatory Initiatives on Wholesale Access in Selected Member States

Country Regulatory Initiatives

Belgium Obligation for roaming with new entrants for 8 years after they enter the
market contained in the conditions for the 3G licenses.

Denmark SMP MNOs must meet demands for national roaming, and access for
MVNOs.

Finland Obligation to provide interconnection applies to access for MVNOs (though

there are no MVNOs operating) and new 3G entrants (for 8 years).

One MNO without complete national coverage, was explicitly denied the
right to negotiate terms for roaming on other MNO networks by the NRA,
however all parties have since come to commercial agreement.

Ireland Roaming for MVNOs is included in the definition of interconnection (though
there are no MVNOs in the market).

Italy Interconnection obligation includes obligation to provide national roaming to
new 2G and 3G entrant MNOs.
Sweden Secondary legislation obliges all MNOs to grant excess capacity to service

providers. MNOs who have been operating more than five years are obliged
to grant national roaming.

Source: NRAs , Info Soc. implementation reports 2000.

2.4.2 Regulation of the retail market

Handset subsidies have been a significant feature of market development in the retail market of
some member states. In the Netherlands the NRA has indicated that competition is being
expressed in discounts on handsets rather than in charges for call minutes. In Italy there is no
handset subsidisation and this is one reason put forward for comparatively low tariffs in Italy.
Handset subsidies are banned in some Member States, for example in Finland.

The new proposed directive on universal service and user’s rights indicates that number
portability should be extended to mobile telephony. Many countries have taken up this initiative
and others have specified a date in the future.

Once number portability is fully introduced, it is more difficult for calling parties to keep track of the
rates they are paying to make a call to a mobile, particularly if MNOs charge different termination
rates. In Denmark the NRA has indicated that it will enforce measures requiring callers to mobile
networks to be informed of their tariffs.
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2.5 Identifying Objectives

The recent history of economic regulation in Europe has been predominantly in the context of the
regulation of previously state-owned firms, often with significant natural monopoly characteristics.
In particular, focus has been on appropriate approaches to price or revenue regulation.

Economic theory suggests that if the regulator has perfect information on the firm and its
customers then designing an optimal regulatory regime would be straightforward. But regulators
never have such information. Generally the firm has better information about its own costs, its
ability to reduce those costs and the preferences of its customers. If the prices a firm is allowed to
charge are in some way regulated, there is often a trade-off between the objectives of productive
and allocative efficiency.

The goal of realising productive efficiency would be concerned with ensuring that the costs
incurred to produce a given output are minimised. Allocative efficiency is realised if it is
impossible to reallocate resources to make one better person better off whilst making no-one else
worse off. Any consumer who values a service more than the additional costs that would be
incurred serving the consumer should be served. An implication of this is that if prices are above
marginal cost for all customers, then allocative efficiency has not been realised.

The trade-off between productive and allocative efficiency as defined can be thought of as
potential conflict between incentivising the firm to innovate and approach the efficiency frontier,”
while at the same time ensuring that prices are reflective of costs incurred by the firm in the
provision of its services. Furthermore, price regulation has been affected by equity
considerations;® concerns over the distribution of income between different groups within the
economy are often at odds with attaining allocative efficiency.

A regulator therefore needs to identify priorities. Is it to ensure productive efficiency, or allocative
efficiency or to realise certain welfare goals (a “fair” outcome however defined)? It may be that a
preliminary analysis suggests that some of these goals can be realised without intervention. In
Section 6.1 of this report, we argue that if there is effective competition between mobile operators
in the provision of many services, then competitive pressures may suffice in ensuring productive
efficiency.

It is also important for regulators to recognise that similar goals in mobile and fixed telephony may
not necessarily require the same actions. There are important differences between the two.
Typically there are competing networks in mobile telephony, rather than a single dominant firm.
And, to pre-empt later sections of this report, the cost structure of mobile networks are
significantly different; in particular, the coverage mobile networks provide individual subscribers
complicates the analysis of costs. The next sections of this report will explain those differences
and show their significance.

This may be especially important for some previously state-owned firms.

8 Perhaps implicitly rather than explicitly.
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3 COST ELEMENTS AND DRIVERS OF MOBILE NETWORKS

Summary

J Mobile networks contain a diverse range of network elements, including handsets, base
stations and spectrum, as well as switches and transmission links.

. The three main cost drivers are subscribers, traffic and coverage. It is not always
possible to identify a single unique cost driver for each network element.

. Controlling for differences in cost drivers, factors that may cause network costs to differ
across countries include differences in terrain, in particular mountains, the amount of
spectrum available, and the restrictions on obtaining planning permission.

3.1 Costing Using Published Accounts

As outlined in the previous section, the costs that might want to be calculated will depend on the
objective of the regulator. One possibility is that the regulator just wants to know the total costs of
an MNO. In this case, a crude first pass would be to look at the costs reported in the accounts.
The accounts would not provide accurate information on the economic costs of a network
operator because, for example, the approach taken to depreciation may differ to the economic
depreciation. Regulators could, and do, overcome such problems by setting guidelines that have
to be followed when producing regulatory accounts.

Another possibility is that the regulator might want to calculate the wholesale cost of providing a
minute of traffic on the network. An obvious initial way to undertake this exercise would be to look
at the accounts of an operator and first identify which of the reported costs are retail and which
are wholesale. Having identified the wholesale costs, these could be divided by the total volume
of traffic travelling over the network.

Identifying the split between retail and wholesale costs is an exercise that would have to be
undertaken for each operator separately, since the ratios of retail to wholesale costs may differ
significantly between operators.® For those operators that have to produce regulated accounts,
provided sensible guidelines govern the production of regulatory accounts, it would be possible to
ascertain wholesale costs from these accounts. If the regulator has not imposed the obligation on
an operator to produce regulated accounts, then an attempt to ascertain the split could be made
by looking at published accounts. Since the data in most financial statements in the public
domain will be very aggregated, assumptions will be necessary about how to allocate the costs
between retail and wholesale.

° Consider two networks that carry the same traffic. If one MNO sells considerably more minutes to MVNOs and airtime resellers

than the other, then it is likely to incur fewer retail costs.
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At the Commission’s request, in the absence of detailed accounting information available from
mobile operators, crude cost data estimations constructed in this way are shown in Appendix A1
for several MNOs. The Appendix shows that wholesale and retail costs cannot be distinguished
in the companies’ financial information, which was provided for quite different purposes. The
financial information may include the costs relating to the provision of new services, including 3G,
and the depreciation profiles may not be appropriate for regulatory purposes.

There are more fundamental reasons why such calculations will not provide useful cost
information for regulation of the price of any particular service. This paper shows that there are
significant joint costs in mobile networks. The differences between incremental and stand-alone
cost may be large, which may explain why prices can differ substantially between services and
across countries (even for similarly sized networks). The real risk of distorting competition and
network development by illjudged intervention makes it important that any regulation of prices in
the mobile sector is based on a close analysis of the cost structure of mobile networks and their
relationships. This paper seeks to provide the basis for such analysis.

3.2 GSM Network Architecture

As a first step to analysing the cost structure, it is necessary to understand the main elements
making up a GSM network and identify the main cost drivers.

The first generation of mobile systems were designed primarily for the transmission of speech
signals, although they can also transmit data at relatively low bit rates. They are usually referred
to as analogue systems as the speech signals are not digitised prior to transmission by the radio
transmitter. These systems include the Nordic Mobile Telephone (NMT), the American Advanced
Mobile Phone Service (AMPS) and the British Extended Total Access Communication System
(ETACS). Analogue systems are being gradually phased out in favour of digital systems.

The second-generation cellular mobile radio systems are digital, and offer higher speech quality,
increased capacity and security, and international roaming — mobile stations can connect and
use compatible networks abroad. Examples of second-generation systems are GSM-900 and
DCS-1800 in Europe (referred to together in this report as GSM), and Digital AMPS (D-AMPS, 1S-
54) and PCS-1900 (IS-136, an upgraded specification of 1IS-54) in the USA.

This section provides a brief overview of the workings of a generic Global System for Mobile
Communication (GSM) network, describing the main components that make up a network. Some
operator's GSM networks differ in significant ways to that outlined below. But the principles are
broadly the same. This is also true for 2.5G and 3G networks.

3.2.1 GSM Network Components

The GSM cellular network consists of Mobile Stations (MS) and a fixed support network. The
Mobile Station is the handset that people use. Its main function is the voice and data encoding,
encryption and transmission (as well as the reverse). The handsets move freely in the network
and use radio frequencies to communicate with the fixed support network; they include a SIM
card containing details of a subscribers network affiliations. The SIM card belongs to the operator
and not to the subscriber, even though the subscriber carries it.
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The support network is layered; the degree of stratification and the cell size depends on the user
density. Figure 3.1 shows the basic GSM architecture. A simple explanation of what these
network components do is given below.

Figure 3.1: Structure of the GSM Mobile System
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| EIR | | VLR |—| HLR |

MSC |
VLR
MSC
GMSC
PSTN

BTS - base transceiver station BSC - base station controller
MSC - mobile switcing centre GMSC - gateway MSC
VLR - visitor location register HLR - home location register
EIR - equipment identity register AuC - authentication centre

Base Transceiver Station

The BTS provides the radio coverage for a cell in the GSM network. It encodes, encrypts and
transmits the voice and data signals to the handset (as well as the reverse); it also broadcasts the
control and common control channels. A BTS is connected to a BSC, either directly or via a
“daisy chain” through other BTSs.

Base Station Controller

The BSC performs radio resource management, acting as a concentrator and switch ensuring
that calls from the MSCs are passed to the correct BTS. The BSC controls the inter-cell
handovers for handsets moving between BTSs, the reallocation of frequencies among BTSs, and
the power management of BTSs and handsets within the catchment area.

To improve network resilience, there may be dual links between a BSC and its parent MSC.

The BTS and BSC can sometimes be grouped together and called the BSS (Base Station
Subsystem).
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Mobile Switching Centre

The MSC is in charge of location registration and the dynamic allocation of resources to co-
ordinate call set-up. It looks after the handover management, biling, SMS and paging. MSCs
are switches that route calls around the network and computers that search for and process
information from location registers.

As the number of users increases, full intermeshing of the MSC becomes very costly and
complicated. Therefore a second layer, Transit Switching Centres (TSC), has to be added to the
hierarchy. These are now present in almost all mobile networks. The transit layer forms the long-
haul backbone of a GSM network, carrying calls between MSCs (including to and from the
Gateway MSC).

Gateway MSC

The GMSC is an MSC that gives a point of interconnection (Pol) for the mobile network with other
networks, e.g. the PSTN or the networks of other mobile operators. Interconnected parties may
have two or more interconnection points.

Home Location Register

The HLR is a permanent database holding administrative information relating to all subscribers to
the mobile network. There are usually only one or two HLRs per network. For each subscriber,
two numbers are jointly stored in the HLR: the Mobile Station international ISDN Number
(MSISDN) and the International Mobile Station Identity number (IMSI). The IMSI is the
subscriber’s unique identification number, contained on his/her SIM card. The MSISDN is the
directory number dialled to reach the subscriber which, among other things, identifies the network
operator and services the mobile user has access to. In addition to this permanent information,
the HLR also contains information regarding the current location of each subscriber; this is
generally in the form of the address of the Visitor Location Register at which the subscriber is
currently registered.

Visitor Location Register

Each MSC in the network is linked to a corresponding VLR. The VLR temporarily stores
subscription information on the users currently located in the cells associated with the MSC to
which the VLR is attached. This information is obtained from the HLR and allows the subscriber
to make use of services (e.g. outgoing calls) without the need for the HLR to be queried each
time. Thus the information which enables subscribers access to the mobile network is delegated
from the HLR to the VLRs. Additionally, the VLR holds more precise information (than the HLR)
as to the location of each handset within the area covered by the MSC/VLR.

Authentication Centre and Equipment Identity Register

The authentication centre stores the keys that are needed in the encryption algorithms for each
subscriber. The equipment identity register keeps information on the handsets currently in use,
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enabling stolen handsets to be rejected by the network. The AuC and EIR can be implemented
as stand-alone nodes or as a combined AuC/EIR node.

3.2.2 Cellular Networks

3.2.2.1 Cell structure and frequency use

Cellular mobile radio makes efficient use of scarce radio spectrum by using low-power (short-
range) transmitters that use specific radio channels in an area called a cell and reusing these
channels in other non-adjacent cells spaced far enough away so that interference between cell
channels is avoided. The minimum set of cells using all the available frequencies is called a
clusterset.

Figure 3.2: Frequency Re-use Pattern
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Frequencies cannot be re-used in adjacent cells because of problems with co-channel
interference but they can be repeated throughout the network following a pre-set frequency re-
use pattern (Figure 3.2).

For communication, the base station and the handset use duplex radio frequencies i.e. the
communication takes place on a pair of channels separated by 45 MHz. On a GSM900 network
the handset transmits to the base station on a frequency from 890-915 MHz (Uplink) and receives
communication from the base station on 935-960 MHz (Downlink). A 200KHz carrier spacing has
been chosen. Excluding the two 100KHz edges of the band this gives 124 carriers for Uplink and
Downlink.

There are two types of channels used by the handsets for communication — traffic channels and
control channels. The traffic channels are used for the transmission of encoded speech and user
data. For example, when a user is talking, the speech is encoded and transmitted by the handset
using the traffic channel. The control channels carry signalling and synchronisation data between
the base station and the handset. These channels are used for frequency correction,
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broadcasting of information to all mobiles in a cell, synchronisation of transmission and to control
handovers.

3.2.2.2 Subscriber Mobility

The obvious difference between a mobile network and a fixed network is that subscribers to a
mobile network can make and receive calls in different locations. This difference is particularly
important when there is an incoming call for a mobile subscriber because the subscriber’s
location varies. One way around this issue would be for every cell in the network to be paged
when there is an incoming call for a particular subscriber. However, this approach would be
wasteful in terms of the quantity of bandwidth required in order to send signals across the whole
network for every call. Rather, the convention is for cells to be grouped together into location
areas across which the signal for an incoming call for a particular subscriber is delivered.

Clearly a mechanism is required by the network to keep track of which location area each
subscriber is currently in. Signalling is therefore needed to update the network of movements of
users from one location area to the next. As a subscribers move between cells in different
location areas, they pass into areas managed by different BSCs. This process is called
“handover” (see Figure 3.3).

Figure 3.3: Handover Procedure
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The smallest possible location area would be an individual cell. However, there is a trade-off:
smaller location areas use less bandwidth for signalling incoming calls but more bandwidth for
signalling location updates. A typical location area might cover around 100 cells under the control
of one MSC.

The capacity of a cell will be particularly important in determining the network’s performance in
enabling subscriber mobility. The handset can be in one of two distinct modes: it can be in idle
mode, waiting for calls, or it can be busy with a call or other service in progress (dedicated mode).
If a user moves to a new cell while the handset is in idle mode, and the new cell is very busy,
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there is a possibility that the user will be unable to initiate or receive calls. This situation is termed
call blocking. On the other hand, if a user moves to a busy cell when the handset is in dedicated
mode, it is possible that there would be no free channel on which the call can continue. In this
case the call would be dropped. The number of blocked and dropped calls is a major indicator of
the performance of the system.

3.3 The Concept of Coverage

As highlighted above, the fundamental difference between a fixed and a mobile network is that
users can make and receive calls in varying locations — they have mobility within the network.

While a fixed network provides a direct one-to-one link connecting each subscriber to the network
at a particular location, a mobile network provides coverage. Coverage can be thought of as a
service permitting a non-specified subscriber to access the network at a given place. If enough
subscribers value the ability to connect to the network from a certain location, then coverage wiill
be provided in that location.”® As the number of such locations rises, coverage is extended
geographically.

Describing coverage as the ability to connect a subscriber’s handset to the operator’s network still
leaves some ambiguity. There are a number of possible definitions that could apply to the
concept of providing coverage. Some examples follow.

. A network provides coverage if all customers can connect with the network in that place at
all times. Under this definition, the network would require a huge capacity so that even if
a great many subscribers are in the same area, perhaps at a major sports event, they can
all make or receive a call. Probably no networks would provide coverage under this
definition.

. Another view is that coverage relates to the network as it has been designed, since its
design optimises the ability of a subscriber to connect with the network, recognising the
trade-off between the cost of increasing capacity versus the desirability of being able to
connect to the network at any time in any place.

. Coverage is the capability or option to make a single call from any point of the network at
a point in time. All additional capacity is due to conveyance.

. Coverage is the site locations necessary for an MNO to construct a network to which
people within a defined area could connect to a network. All of the telecom equipment
necessary to permit a connection is due to conveyance.

We believe that the definition of coverage in the third bullet is the most suitable for the purposes
of costing a network. Increasing coverage means increasing the area within which a connection
is possible: the main cost driver is km?. Having a single major cost driver for coverage helps in
terms of identifying cost causality if attempting to cost individual services. In contrast, the first two

1 Although in some cases the extent of geographical coverage is stipulated in a mobile operator’s licence conditions.
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bullets provide definitions of coverage such that the costs of providing coverage would depend
both on the area covered and on either the number of subscribers or the number of voice
minutes. The final bullet provides a definition of coverage that does not measure the costs of
permitting a subscriber access to the network.

Coverage (under the preferred definition) is not necessarily an access service in the sense of
fixed-line networks. Nor does the definition of coverage provide definite answers as to how
coverage relates to the different services that users of a mobile network actually purchase.
These are important points and are returned to in Section 4.

3.4 CostDrivers in a Mobile Network

One tenet of cost-based pricing is the idea that the person who caused a cost to be incurred
should pay for that cost. Hence the desire to establish cost causality for the various costs that a
regulated firm incurs. Identifying cost drivers can help in this regard.

A cost driver is a factor that causes variation in the total costs of provision of a product or service.
The necessary feature of the driver is that there is a causal link to costs such that if the level of the
driver alone changes, this results in a change in the total costs incurred.

There are practical problems that arise when seeking to analyse cost drivers.

. Where the provision of a service is entirely through economies of scope (i.e. all costs are
joint costs) no cost driver can exist because costs are not variant to changes in one
activity or output alone. This problem is returned to in later sections, when considering
how to cost individual services. In this section, the focus is on the cost drivers for the
entire network.

o Are cost drivers the final outputs (services) that a firm produces? Or are cost drivers the
factors that influence the costs at discreet stages of production?

This section seeks to consider the importance of subscriber numbers, coverage and call traffic as
cost drivers. Holding other factors constant, what happens to costs as one of these drivers
increases? This exercise illustrates one of the problems with seeking to identify cost drivers. The
number of subscribers will, as argued below, affect the number and therefore cost of handsets. It
is also likely in practice to affect the number of call minutes, so that it could be argued that the
number of subscribers indirectly affects those costs that are deemed to depend on the cost driver
of call traffic. But since the objective is often to identify prices that will reflect the costs individuals
cause, there is no advantage in arguing that subscribers is the cost driver. The caller who gave
rise to a minute of traffic should pay for the costs of that minute, rather than averaging the costs
across all subscribers.

For mobile networks, a problem arises because of coverage. As the area covered increases, the
costs of the network operator increase. So coverage area qualifies to be called a cost driver. Yet
knowing how sensitive network costs are to the area covered does not help with seeking to have
prices set according to cost causality. It is not possible to identify a single individual who is
responsible for the network covering a given area. And nor is it possible to trace back to argue
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that the volume of coverage is in turn dependent on another cost driver which can be associated
with the actions of a single individual.

Table 3.1: Cost Drivers and Cost Causality

Cost Category Cost Driver Cost Caused By Implication for
cost-based pricing

SIM Cards Number of subscribers Individuals subscribing Bill each subscriber for
the cost of a SIM card

Switches* Number of call minutes  Individuals making calls  Include the total cost of
switches divided by total
number of minutes in a
per minute charge paid
by people making calls.

Racks* Number of switches, Individuals making calls Include the total cost of
which in turn depends racks divided by total
on number of call number of minutes in a
minutes per minute charge paid
by people making calls.
Rural sites Area covered ? ?

* As discussed below, in practice the cost drivers for many elements in a mobile network could be either number of call minutes, call
aftempts, or coverage area.

The focus is on identifying how the network costs will change as a cost driver changes holding all
else constant. How much would it cost to carry an extra million call minutes whilst the same
number of subscribers in the same coverage area with the same quality of service. In practice,
an MNO must decide between incurring the costs associated with upgrading the network or the
potential opportunity costs associated with permitting degradation in the quality of service the
network provides (i.e. costs resulting from a reduction in service demand and consequently
revenue).

3.4.1 Subscribers

Every subscriber needs a handset and associated SIM card. Consequently these are customer-
driven costs, not coverage or traffic driven. The costs of the handsets are typically borne by
customers, although in many countries operators offer handset subsidies. The cost of such
subsidies depends on the number of subscribers, not the number of call minutes.

More (switched-on) subscribers mean that there will be more signalling associated with location
updating. So the number of subscribers, as a driver of the costs of location updates, could be an
indirect cost driver for all these network elements, although one might argue that location
updating only takes place because it is the most efficient way for terminating calls so call
termination is the cost driver. However, the volume of traffic caused by location updating is likely
to be small and not a major cost driver for most of the elements involved.

But the number of subscribers will act as a more important cost driver for the HLRs and VLR
since extra subscribers will require the location registers to manage larger databases and have

WWW.europe-economics.com 23



Cost Elements and Drivers of Mobile Networks X

greater processing power. Similarly, the costs of the AuC and EIR are also likely to depend on
the number of subscribers.

Billing costs will also depend largely on the number of subscribers for pay-as-you-go callers. For
pre-pay customers it is less clear whether the costs depend on the number of subscribers or the
number of call minutes they make.

There is no need for additional MSCs because of the number of subscribers (directly) since there
are no resources dedicated to subscribers (unlike in fixed networks where there are line cards)."
In a fixed network it is possible that a new switch is required even thought the existing switch has
spare processing capacity because of a limit to the number of subscribers that can be linked to a
switch.

3.4.2 Coverage

To provide coverage requires the ability for the subscriber’s handset to connect with the
operator’s network for location updating. Some spectrum will need to be available in the
geographical area to be covered and a BTS located with a sufficiently powerful transceiver that
communication between the BTS and handset over the frequency is possible. There will also
need to be backhaul between the BTS and the BSC, and ultimately links to the switching network.

There are two ways that coverage can be increased. The first is to increase the power of the
existing transceivers so as to increase the area served by each BTS. The alternative is to add a
new BTS, along with the backhaul necessary to link the BTS to a BSC. Adding a BTS to the
network is a much greater cost undertaking than increasing the range of an existing BTS. So in
practice, a network designed to cover a given area will seek to achieve this using the minimum
number of BTSs.

Signal degradation means that in practice a BTS can cover an area with a radius of 30 km or
more in a GSM 900 network. The area is smaller in a DCS 1800 network; this is because the
radio propagation is poorer at 1800 MHz, i.e. the range is shorter. These numbers will be smaller
in mountainous and (possibly) hilly regions. This is because mountains will block the radio air
interface between the MS and the BTS. A mountainous region may require many more BTSs as
is normally required to cover a given area.

There are also other engineering reasons why the costs of covering mountainous regions are
higher, similar to those reasons given for why mountainous regions are expensive in fixed
networks. For example, laying duct and fibre is expensive, so microwave will be used more
extensively than elsewhere in the network.

In terms of providing coverage, the cost difference between urban and rural areas will relate to the
difference in getting a site license. This is likely to be more expensive in urban areas. However,
as discussed later, in urban areas the main driver determining the number of BTSs is unlikely to
be coverage.

" This assumes that the number of subscribers is not so large that extra switches are necessary for location updating.
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A BSC can handle approximately 100 BTSs, so a significant increase in the area to be covered
may result in an increase in the number of BSCs required in the network, and also in the costs of
transmission between the BSCs and the MSCs. Providing extra coverage will not be a major cost
driver in terms of the number of MSCs required in the network. It is the “radio network” for which
coverage is a major cost driver; but traffic is also an important cost driver for antennas, BTSs, and
BSCs, as discussed below. Since the radio network accounts for the majority of costs in a mobile
network, this creates problems if attempting to cost services and apply cost-causality principles.

A crude estimate of coverage costs would first estimate the total land mass covered by the
network and divide this by the maximum area that can be covered by a single cell. This would
provide information on the number of sites that would be necessary. So for an Austrian GSM-900
operator that covered all of Austria, coverage might require 400 sites.” The cost of a site would
include the costs of BTSs, antennas, and leases on towers and land. These costs will constitute
the majority of coverage costs. There will also be some costs for transmission, BSCs and MSCs,
but these will be relatively small.

Therefore, differences in the stand-alone coverage of different networks will largely depend on the
land mass covered. They may be twice as large in Austria as in the Netherlands. Some caveats
apply. First, an 1800 operator is likely to need more than double the sites for a given land area so
their coverage costs will be almost doubled. Second the terrain covered by a network may differ,
with the implications this may have for coverage. Networks covering mountainous regions will
need more sites than the crude estimate suggested above implies. Third, leases to locate
equipment may differ significantly between countries, although these leases will probably account
for less than 20 per cent of a site’s cost. And finally, health and safety regulation may either
require more sites than suggested above or may increase the costs associated with setting up
and maintaining a site.

3.4.3 Traffic

The differences in the way the network is used for call set-up and call duration is largely ignored
here when asking how network costs will vary as the volume of traffic increases. The implicit
assumption here is that an increase in traffic means the same proportionate increase in both the
number of calls and the number of call minutes. The distinction is probably most important when
considering the costs of MSCs, for which call attempts is a cost driver, and not just call minutes.

There are three approaches to increasing the capacity of a mobile network. One is to increase
the capacity of existing elements in the network, but this strategy is constrained by the amount of
available spectrum. When the constraint becomes binding the alternatives are either to increase
the number of cells to permit more use of the existing spectrum or to acquire more spectrum.

2 83,000 km? divided by 210 km?, the approximate area covered by a GSM 900 rural site in a flat region. This assumes that there are

no “shadows” caused by mountains, i.e. for illustrative purposes Austria is assumed in the example to contain no mountains.
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3.4.3.1 Increasing capacity of existing elements

At low levels of demand the solution to serving extra traffic may be to augment the existing
equipment.

New frequencies could be made available at the cells. This would result in additional costs
associated with the BTSs. The ability of a BTS to carry traffic is limited by the capacity of its
processor unit.  This unit translates messages into formats suitable for MSCs or handsets
respectively, amplifies signals broadcast over the air interface and manages handover from one
sector to another sector within the same cell site. As traffic volume increases, the processor’s
capacity is exhausted and quality of service reduces. To maintain a desired quality of service will
require increasing the capacity of the BTS. Increasing the capacity of the BTS may feed through
and affect the costs of backhaul, BSCs, transmission and MSCs.

The BSCs monitor the BTSs and allocate BTS resources to calls, as well as handling call hand-
offs from one cell site to another as a subscriber moves from one cell to another during a call.
The BSC is also responsible for voice coding, which permits high-speed transmission of voice in
a wireless network. These features depend on the volume of traffic. When a subscriber makes a
call, some of the BSC’s capacity is unavailable for other calls until the call is disconnected.

Bandwidth on the backhaul links is assigned to calls as needed, rather than being dedicated to a
single customer. As traffic volumes increase, the amount of backhaul bandwidth necessary to
maintain the desired quality of service increases. This will increase the costs of backhaul, since
the rates for higher capacity links will be higher — a 2Mbit/s link is cheaper than an 8Mbit/s link.
Hence the costs of backhaul are traffic sensitive, although there are modularities, e.g. a 2Mbit/s
link will suffice for a range of traffic volumes.

The signalling network is made up of packet switches and signalling links. These have limited
capacity to process and transport messages during call set up. Consequently, additional capacity
will be necessary to ensure an acceptable proportion of calls are realised in peak periods.
Similarly, where advanced services are offered from a mobile intelligent network (IN) known as
CAMEL (Customised Applications for Mobile networks Enhanced Logic), this element will require
enhancing as traffic levels increase.

The central processor and switching matrix of an MSC, along with the ports connecting the MSC
to other parts of the network, are all traffic sensitive. To maintain an acceptable quality of service
with regards call set up, routing, and switching requires increasing the capacity of MSCs as the
volume of traffic increases. A single switch may not be sufficient in densely populated
metropolitan areas to process all the calls.

3.4.3.2 Cell splitting

The number of channels in a cellular network can be increased by the use of smaller cells. An
average cell, for example, contains 24 channels, but for some busy areas this is not sufficient.
This shortage can be overcome by splitting the cell into smaller cells (shown in Figure 3.4)
through limiting the transmission power of the BTS and then re-using frequencies — the BTS’s
can have a radius between a few hundred metres to 30 km or more.
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Figure 3.4: Cell Splitting

Urban areas have more cells per square kilometre than rural ones and the trend towards smaller
and smaller coverage area is likely to continue in the future with the development of micro-cellular
based systems. It is possible that a single picocell might cover a large administrative building or
block of flats. In some cases cells may completely overlap. For example, one cell may cover a
town, but a microcell may be installed to cover the town centre to provide additional coverage.

As the cell radius (assuming hexagonal cells) decreases the probabilities for call blocking and call
dropping also decreases. Therefore a reduction of cell size will have a positive effect on the
performance of the system. In theory, the splitting of cells and reuse of frequencies can increase
the capacity of the cellular system infinitely. However, although cell splitting increases the number
of available channels, it also increases the total cost incurred by the network provider.

Increasing the number of cells will result in an increase in the number and therefore costs of
BTSs, antennas and supporting towers. More BTS processors and antennas will be necessary.
Since the antennas will typically be located in a tower or on a rooftop to ensure adequate signal
strength, more towers will be required. The tower’s height, the size of the antenna and the rental
for the cell site will largely depend on where the cell is located.

Where it is possible to share the costs of the tower with other operators, a forward-looking model
should not assign all the costs of a tower to a single operator, even if currently the operator is the
only one using the tower. Instead the cost of the tower is what it costs to lease tower space or the
costs of the tower less revenues earned by leasing to other operators.

The increase in the number of BTSs will increase the costs of backhaul, since more links will be
necessary. Two backhaul links will be more expensive than a single link carrying twice the traffic
load.
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Another consequence of the additional BTSs that arise if the MNO splits cells is that more BSCs
may be necessary. This is a second reason why the cost of BSCs is traffic sensitive.

3.4.3.3 Adding spectrum

In the long run, when all inputs are variable, the engineering design that minimises the cost of the
network will involve judgements about the optimal combination of spectrum and cells: less
spectrum will require more cells to permit greater frequency reuse; more spectrum means fewer
cells since larger cells are possible.

The need for spectrum and cell sites depends in both cases on the volume of traffic. For a given
amount of spectrum, only a limited number of calls can simultaneously be made holding cell size
constant. As traffic grows, more spectrum is necessary. None of the spectrum is dedicated to a
single customer, so it cannot be argued that the costs of spectrum depend directly on the number
of subscribers. The costs of spectrum are traffic driven (subject to the caveat that some spectrum
will be necessary to provide coverage).

What are the costs of spectrum? If it cannot be traded, or if it comes in large non-divisible bands
of frequency, it is possible that even in the long run the cost to the MNO of the spectrum
necessary for coverage is the same as the cost of the spectrum necessary for the level of traffic
on the network. Of course, this cost may be zero in countries where the spectrum is awarded to
operators. This ignores the opportunity cost associated with using the spectrum to provide mobile
telephony services rather than another service, but most licenses require that the spectrum be
used to provide mobile telephony services. The MNO could not put the spectrum to other more
profitable uses even if they existed. But if free spectrum trading is allowed, the opportunity cost
of the spectrum used by an operator will be reflected in its market value.

3.5 Implications

The most useful way to think about the cost structure of a mobile network will depend in part on
what the purpose of the exercise is.

It is possible to undertake “back of the envelope” calculations. But for most regulatory purposes
such exercises will not be sufficiently robust. And often they will not be necessary since the
regulator has the power to collect more detailed information and undertake a proper analysis. For
example, dividing total costs by total traffic volume is unlikely to produce cost estimates that can
be usefully compared with prices, as it would fail to identify the cost of any given service. If the
concern is that excess profits should not be earned, it is simpler to compare total revenues and
total costs.

The most obvious difference between fixed and mobile networks when thinking about the costs is
the existence in mobile networks of a third important cost driver, coverage. In later sections of this
report it is frequently coverage that complicate attempts to implement the sorts of rules developed
for thinking about cost structures in a fixed setting. There are different ways to think about
coverage. We recommend that coverage costs be thought of as those costs that arise in
ensuring that a subscriber can make or receive a call from anywhere in the area covered. The
debate about how to define coverage may seem philosophical. Regardless of definition, there will
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be practical problems when attempting to cost a mobile network that, ultimately, relate back to the
fact that one of the main cost drivers for a mobile network is geographical area covered.

The costs of many network elements will depend on two cost drivers, the volume of traffic and
area covered. This makes it difficult to undertake simple sensitivity analysis. It is not possible to
determine how a 10 per cent increase in one of the cost drivers will cause the costs of providing
that network element to increase by X per cent, without specifying the starting point, i.e. the
volume of traffic and geographic coverage provided before one of these cost drivers was
increased by 10 per cent.

It cannot be argued that an individual through his or her actions caused an increase in the
geographical coverage of the network. Yet the coverage area is an important cost driver.
Attempts to price on the basis of cost causality will have to address this fact.

The costs with providing coverage are different for 900 and 1800 operators (they are higher for
the latter because cells can cover smaller areas). This may have implications if seeking to
develop regulation that is “technologically neutral”. The decisions of a regulator on how a network
operator can recover costs due to coverage may affect the ability of operators at these different
frequencies to compete.

WWW.europe-economics.com 29



Markets for Mobile Services X

4 MARKETS FOR MOBILE SERVICES

Summary

J There is more than one way to define the services that a mobile network operator
provides. For example, in the calling party pays environment is the caller to a mobile
network paying for coverage? Yet to cost a service requires identifying exactly what the
service is.

. This report assumes that coverage is not a service that people purchase separately.
Instead call origination, call termination, and various data services are each bundled
services that include both conveyance and coverage.

J For roaming, the wholesale services of call minutes are assumed to include charges for
coverage. The retail services include charges for costs such as billing and advertising.

There are arguably three stages to costing services: identify the services; determine a method for
allocating the costs to the different services; calculate the costs of each service.

In many instances the services that the mobile handset owner values are also valued by other
parties, and in some instances it is the other party who is charged for the service. For example,
call termination charges are levied on the caller in the calling-party-pays environment. This
distinction about who pays does not affect the costs of providing the service, but it might have
implications if considering how competitive provision of the service is.

For a GSM network operator, identifying meaningful services is not straightforward. Although it is
a seemingly academic and philosophical exercise, defining the services is a necessary and
unavoidable first step to ascertaining the cost of individual services. If it is deemed important to
calculate the costs of individual services, then this exercise will have to be undertaken.

A “service” needs to have the properties that there is an identifiable demand for it and, if the
service is to be costed, there need to be separately identifiable costs. There are a variety of
services demanded by consumers. In theory, there are geographical and time distinctions that
can be made to unbundle marketed services. For example, the service of call termination in a
country could instead be thought of as two services — call termination in the capital city and call
termination in the rest of the country — bundled together. The costs of terminating calls in the
capital city may be very different to the cost of terminating calls elsewhere. At the extreme, it is
possible to define a call originated from a given location at a given time as a distinct service from
all other calls originated or terminated by the network. The usefulness of this exercise is
questionable.

This section discusses the challenges inherent in defining services and proposes a working
definition for the rest of this report. It starts with some general thoughts on the nature of the retail
and wholesale markets in mobile telephony. Then it moves on to discuss what the services of call
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termination and call origination include. Much of the focus is on determining who pays for
coverage. Section 4.3 discusses the services associated with roaming: what is the roamer
buying? Section 4.4 provides guidance on an approach to defining services.

4.1 Nature of Retail and Wholesale Markets

At the network level there are barriers to entry because of the scarcity of spectrum. This may
suggest that it is worthwhile making a distinction between the wholesale and retail markets, since
only a limited number of firms can provide wholesale services. Although the number of firms in
the retail market will depend in part on behaviour in the wholesale market, there are no technical
reasons that constrain entry into this sector of the market. In addition, the contracting parties
tend to be very different in the two markets, and there are differences in the types of costs
incurred.

The retail mobile market is the market for goods and services sold to end-users, whether
corporate or private. The end-user makes decisions about which handset to buy, what tariff
bundle to sign up to, and the range of services to use. Competition in the retail market can take
many forms. Firms may compete in prices or in terms of quality or range of services. The nature
of competition may differ across countries. In some, there may be fierce price competition; in
others competition to win end-users may focus on offering more varied or higher quality services.

Price competition can take the form of different tariff bundles, with customers choosing the tariff
bundle that best serves their needs. In some countries, much of the price competition has been
in terms of handset subsidies; in Finland such subsidies are banned. There is also competition in
terms of the handset functionality and the range of services that the customer is offered — recent
developments such as WAP and GPRS are examples of MNOs seeking to be able to offer
customers improved data services. Retail customers will also care about the coverage that a
network provides, both in terms of its geographic reach and also the “depth” of coverage, i.e. will
the call be blocked or dropped?

It is technically possible for customers to purchase calls and other services from a variety of
sellers. They do not have to purchase from the MNO whose network their calls originate on.
Clearly there will be some constraints on the ability of resellers to compete on aspects other than
price: they have to offer the same geographic coverage as the network from whom they are
buying their wholesales services. Regulatory actions will affect the nature of competition in the
retail markets. For examples, the introduction of number portability or the banning of handset
blocking may influence how competitive the market is.

Regulatory actions in the wholesale market may also feed through to affect the retail market. In
the wholesale market, there are a wide variety of possible models for intermediaries. These can
range from Mobile Virtual Network Operators (MVNOs) who have their own networks but
purchase the radio frequency from MNOs, to airtime resellers who act as distributors for the MNO
from whom they have bought traffic minutes or volumes. The MNOs are usually vertically
integrated companies, selling in both the wholesale market and the retail market. The termination
of incoming calls is also a wholesale mobile service, sold by the MNO to the operator of the
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customer originating the call. Similarly, the sale of international roaming rights is a wholesale
service.

The wholesale markets can differ significantly between countries. Regulatory actions may
influence developments. For example, rules on access rights and non discrimination have been
applied in different ways in different countries. The restrictions, if any, placed on the tariffs that
MNOs can offer in the wholesale market may also influence competition. The form of the
wholesale tariff may affect the viability of certain retail pricing plans that might otherwise have
been a desirable development in the retail market.

4.1.1 Retail services versus wholesale services

Accepting the argument that a distinction should be made between wholesale and retail mobile
services, there remains the task of which activities undertaken by the MNO fall into each
category. For many items, the attribution is obvious. Provision of network infrastructure to enable
mobile telephony (spectrum, transmitters, switches, backhaul etc.) is clearly a wholesale activity.
Likewise, final billing of customers and customer relations is clearly a retail activity.

The distinction is not so clear when it comes to advertising. On the face of it, advertising is a retail
activity, undertaken by the retail division of an MNO in order to increase its retail revenue from
end-users of the network. An MNO that increases advertising expenditure would be looking for
the costs of this activity to be met by more subscribers joining the network, hence bringing in
higher retail revenue through subscription fees and call tariffs.

But this viewpoint may be too simplified. Suppose a network has its own retail division and also
sells wholesale minutes to an independent reseller of airtime. The reseller undertakes all billing
and relations with its customers, as well as advertising of its brand. The retail arm of the MNO
also undertakes these activities. If the potential customers of the reseller are unaware of which
MNO provides the reseller’s wholesale minutes then the division is straightforward: the retail arm
of the MNO and the reseller advertise independently and it seems fair to attribute the MNO’s
customer advertising expenditure solely to its retail division.

However, the situation is different if consumers are aware of which MNO provides the reseller
with wholesale minutes. Under this scenario, when the MNO advertises its network it may be
expecting to increase sales revenue both directly from its final retail customers and indirectly
through wholesale revenue from the reseller. The latter would be significant if the reseller’s
customers valued the network that their calls were delivered across (e.g. through perceived
higher quality) and advertising by the MNO increased this valuation. Although advertising of the
MNO’s retail tariffs would not achieve this effect (these tariffs are not paid by the reseller’'s
customers), advertising by the MNO of its brand or network quality may do. Thus such
advertising by the MNO could be perceived — to an extent — as a wholesale activity because it
aims to increase (indirectly) wholesale revenue.

More generally, isolating the services that advertising expenditure is incurred to promote will entail
judgements over which reasonable people may disagree. For instance, billboard advertising of
the MNO’s brand may increase subscriptions, but these extra subscribers may also result in more
calls to the network, and therefore more call termination revenues. So were the costs of
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advertising to promote retail services or the wholesale service of call termination? How the costs
of advertising should be attributed to individual services may not simply depend on an
assessment of the benefits to the firm.

The Principle of Non-discrimination

The principle of non-discrimination currently applies to operators who have SMP in the mobile market. The principle
dictates that a designated operator must charge the same rate for an interconnection service to other operators as it
charges itself:

The operator “shall apply similar conditions in similar circumstances to interconnected organizations providing similar
services ... as they provide for their own services, or those of their subsidiaries or partners.. 3

An implication of the non-discrimination principle is that a network operator cannot charge more for an interconnection
service than it does for a final retail service of its own that uses such interconnection as a wholesale input.

The primary interconnection service that a mobile operator sells is call termination. It follows that under non-
discrimination, the operator cannot set a retail price for a service involving this interconnection below the wholesale
interconnection rate.

It is arguable that on-net calls include the same network operation as call termination. Both require a call to be
terminated to one of the network’s subscribers. Although an on-net call does not come in from another network, it will be
received by an MSC (acting the same way as a GMSC) and the same requirement to find and notify the called
subscriber exists as for off-net calls. Therefore, firms following the non-discrimination principle, will not price on-net calls
below the wholesale termination rate (for the relevant time of day). Note that on-net calls may allow for more efficient
routing than off-net calls since in the former the network knows the location of both parties (e.g. consider the case of both
parties being within the area served by the same BTS). But this is not a fundamental difference between the two
services; regulations applying to “similar services” and “similar circumstances” would therefore appear to catch on-net
and off-net calls.

Regulators wishing to check for non-discrimination can compare on-net call charges with operator’s termination rates. If
SMP operators do price retail on-net calls below wholesale termination rates, then a strict implementation of the non-
discrimination principle would call for a realignment of prices. Whether this is beneficial depends on the importance the
regulator attaches to non-discriminatory prices, relative to alternative goals, such as having price correspond to a
competitive outcome or realising allocative efﬁciency.14

4.2 Defining Origination and Termination Services

At the wholesale level and focussing on voice traffic, one possible division is between the services
of call origination and call termination. This division would accord with the division that arises in a
calling party pays environment, where the caller (originator) pays a charge for connecting with the
called party, who pays nothing as a direct result of the call. The originator of the call therefore
pays for the delivery of the call over the receiving party’s network (call termination). Questions
remain. In particular, what service are customers buying when they purchase call termination? Is
call termination a bundled service that comprises coverage (as defined earlier) and conveyance
of the call across the mobile network?

' Article 6 (a): Directive 97/33/EC of the European Parliament.
" See Section 7 for more discussion on how regulatory intervention might affect realisation of these goals.
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The debate centres on the charging arrangements for the various services. In the calling party
pays environment, should the caller pay for coverage, or should it be a separate service for which
the subscriber pays? Is the caller to a mobile network purchasing the coverage that a GSM
network offers when paying to have a call terminated?

Subscribers to a mobile network presumably value the coverage the network provides. Callers to
a network may also value the coverage the network provides because it permits the caller to
establish a link with the subscriber without needing to know where the subscriber currently is. In
contrast, the subscriber originating a call knows his/her location when making the call. One might
argue that this implies that callers to a mobile network may value coverage more than callers from
the network. However, who values something more does not necessarily determine who pays.
This approach does not help answer the question of whether, if prices were in some way cost-
reflective, the calling party’s purchase of call termination service would include some payment for
coverage.

One viewpoint is that coverage is a service that subs