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Introduction

The purpose of this Position Paper issued by the Authority is to identify and discuss the
key features and principles to support the development, implementation and use of
bottom-up cost models of fixed and mobile networks in Bahrain. In contrast to top-down
models which are based on accounting systems, bottom-up cost models are engineering
models which use detailed data and engineering rules to (re)build a hypothetical efficient
network. The Authority intends to develop and use bottom-up cost models to complement
existing regulatory instruments in determining the cost of retail and wholesale
telecommunications services in Bahrain as well as to gain a better understanding of the
cost structure and drivers of telecommunications networks.

The Position Paper sets out the Authority’s views on a number of issues relating to the
development, implementation, and use of bottom-up cost models. The Authority intends to
develop three bottom-up models in accordance with this Position Paper, having due
regard to the submissions received from interested parties. The resulting cost models, one
for mobile networks, one for fixed access networks and one for fixed core networks, will be
used by the Authority, in conjunction with existing regulatory instruments, when exercising
its regulatory functions under Legislative Decree No0.48 of 2002 promulgating the
Telecommunications Law (“Telecommunications Law”).

As discussed later, the Authority considers that the development of robust bottom-up cost
models is an important and valuable exercise, both for the regulator and the industry.
From the regulator’s perspective, the use of bottom-up models allows for greater
transparency of the factors that drive the costs of providing telecommunications services,
allowing a better understanding of costs as well as the ability to test the sensitivity of costs
to key variables. For example, by allowing the network to be re-dimensioned, bottom-up
cost models can more accurately estimate costs under different demand scenarios. In this
regard, such models can also be a useful tool for operators in the context of, inter alia,
considering new investments (such as new fibre deployments) or achieving cost
efficiencies. Bottom-up cost models are an essential complement to existing regulatory
instruments.

The Authority does not intend to supplant the use of existing ‘top-down’ cost information
with the bottom-up cost models, but instead use both modelling approaches as
complementary regulatory tools. By examining costs from both a top-down and a bottom-
up perspective, the Authority will be better placed to determine tariffs for
telecommunications services that are more closely aligned with the criteria established in
the legislation.

A draft version of the present document was initially published for consultation on 19 May
2011. At the end of the 2-month consultation period, the Authority had received
submissions from fours operators, namely Batelco Telecommunications Company B.S.C.
(‘Batelco’), Lightspeed Communications W.L.L. (‘Lightspeed’), MTC-Vodafone Bahrain
B.S.C. (‘Zain’) and STC-Bahrain (‘Viva’). This document is the final version and takes into
account the comments and issues raised by the four respondents.

In the following section, the Position Paper sets out the context for undertaking a bottom-
up cost modelling exercise. This includes a summary of the legal framework within which
the Authority operates, and a discussion of the economic rationale for ensuring that the
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tariffs for key telecommunications services reflect an appropriate measure of the cost of
supplying those services. Having provided this background, the Authority then explains
why bottom-up cost models are being developed, in particular given the use of existing

top-down models to determine telecommunications tariffs in Bahrain.

In Section 3, the Position Paper introduces the different costing approaches that can be
taken, including the relative merits of the top-down and bottom-up modelling approaches,
the valuation of assets, and an overview of the relevant cost methodologies that could
potentially be considered.

Section 4 of the Position Paper discusses important methodological issues for bottom-up
cost modelling. These include technical and financial issues. A number of these relate to
the structure of the cost model, such as the degree of optimisation undertaken by the
model (‘scorched node’ or ‘scorched earth’) and the type of optimisation approach
considered for network dimensioning (‘yearly optimisation’ or ‘historic’ optimisation), while
for other issues, the modelling is likely to be flexible enough to accommodate a humber of
options.

In Section 5, the Authority provides an overview of the structure and format of the bottom-
up cost models that it intends to develop, including the main technical, economic, and
financial steps that are needed to build each of the cost models.

Section 6 covers operational issues relating to the development of bottom-up cost models,
including the key steps in model development, and the involvement of industry operators
in particular in relation to the provision of information and the validation of the cost models.

Finally, Section 7 relates to the use of the bottom-up cost models in the context of the
regulatory framework that exists in Bahrain. This includes examples of the way in which
the bottom-up model is likely to be used, and how the results of the cost model may be
operationalised when setting tariffs.

Annexes A and B provide further information respectively on cost allocation methods and
asset depreciation methods while Annexes C and D contain international benchmarks
showing which approaches national regulatory authorities (“NRAs”) have followed in
developing cost models.

Legal status of the Position Paper

13.

14.

This Position Paper is issued by the Authority pursuant to its powers and duties granted to
it under Article 3 of the Telecommunications Law.

The Authority has decided in this instance to issue a hon-binding Position Paper on the
principles to be used in the development, implementation, and use of bottom-up network
cost models. Should the Authority significantly depart from the Position Paper then the
Authority will provide an explanation for doing so.
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Rationale and purpose

2.1 Legal context

15.

16.

17.

18.

19.

As provided for in Article 3 of the Telecommunications Law, the Authority has the duty to
promote effective and fair competition between new and existing operators and to protect
the interests of users with respect to pricing, availability, and quality of services offered.

The legal framework for the setting of interconnection and access tariffs is set out in Article
57 of the Telecommunications Law. According to Article 57(b), the Authority may set terms
and conditions and tariffs for interconnection and access services' supplied by a dominant
operator, and

“such terms and conditions and tariffs shall be fair, reasonable and non-
discriminatory and the tariffs shall be based on forward-looking
incremental costs or by benchmarking such tariffs against tariffs in
comparable Telecommunications markets.”

[emphasis added]

Article 58 of the Telecommunications Law provides for tariffs charged by licensed
operators to be “fair and equitable, non-discriminatory and based on forward-looking
costs”.

To assess whether tariffs meet those tests, the Authority has issued a number of
instruments such as:

a. The Accounting Separation Regulation (issued on 2 August 2004) that requires
licensed operators to prepare both FAC and LRAIC accounts on an annual
basis;

b. Reference Offer Orders (e.g. orders dated 25 January 2011, 24 May 2009, 17
July 2007, 23 May 2007, 6 August 2006, 12 July 2006);

c. 2010 Statement on the regulation of mobile termination services (issued on 1
February 2010); and

d. The Retail Tariff Notification Regulation (issued on 21 February 2010).

As discussed throughout this Position Paper, the Authority considers that bottom-up cost
models represent an important additional tool that will complement the above regulatory
instruments and will enable the Authority to undertake its duties under the
Telecommunications Law in a more effective and transparent manner. Bottom-up models
are tools that assist regulators in setting prices based on forward-looking incremental
costs. Starting from Q3 2011, the Authority will develop and implement bottom-up cost
models for fixed core, fixed access and mobile networks in the Kingdom of Bahrain. The
bottom-up cost models will be used among other tools to set the terms for regulated
services. They may also be used in other contexts where costing information is necessary,
such as investigations for anti-competitive behaviour.

1

While Article 57(b) refers to interconnection services, Article 57(e) states that the Authority may determine tariffs
and terms and conditions for access services according to the provisions of Article 57(b).
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20.

2.2

21.

22.

23.

The development of bottom-up cost models is fully consistent with the Authority’s duties to
promote competition and protect the interest of end-users. The models will assist the
Authority in ensuring that regulated charges are based on forward-looking incremental
cost. Regulated charges should reflect the efficient cost of providing the services so that
wholesale and retail consumers face charges consistent with cost. Inefficiencies which are
passed on to users lead to lower welfare. This is because if inefficiencies were recovered
from purchasers of the services, operators would have muted incentive to be more
efficient and reduce costs. Consumers would not be protected (as they would face higher
than justified prices) and the development of competition would be hindered. In that
context, the development of bottom-up models is critical since it will enable the setting of
regulated charges based on efficient costs and hence consistent with Articles 57 and 58 of
the Telecommunications Law.

Economic background

Historically, the provision of certain telecommunications services has been considered to
possess natural monopoly characteristics (and was in many instances a legal monopoly).
In economic theory, monopolies are usually associated with economic inefficiencies.?
Such inefficiencies result from a profit-maximising monopolist restricting output below the
competitive level in order to increase prices above the competitive level.® As consumers
are forced to pay a price that exceeds the cost of producing an additional unit of the
service, monopoly pricing leads to a reduction in the level of ‘allocative efficiency’. In
addition, monopolists are said to face poor incentives to increase ‘productive efficiency’ as
there is little or no competitive pressure to minimise costs and be efficient. Similarly, the
lack of competitive pressure can mean that a monopolist has reduced incentives to
develop innovative products or services, leading to lower levels of dynamic efficiency
compared to more competitive markets.

This is why, from an economic point of view, natural (or legal) monopolies require
regulation to contain their market power in order to reduce inefficiencies and maximise
social welfare. To achieve this goal, NRAs typically seek to introduce cost-based pricing
as a regulatory remedy in circumstances where market power concerns have been
identified. This is the approach that has been taken in Bahrain, where as noted above, the
Authority is required under Article 57 of the Telecommunications Law to set tariffs for
interconnection and access services supplied by operators with market power, with such
tariffs being based on forward-looking incremental costs.

Under such pricing, the dominant or SMP operator is able to recover the efficient costs of
providing the service (including an appropriate return on capital and return of capital4),
preserving that operator’s incentives to maintain and invest in its network. Such pricing

There are three general forms of economic efficiency. Allocative efficiency refers to the optimal allocation of
resources to meet consumer demand, and is achieved where price is set equal to marginal cost. Productive
efficiency refers to producing goods and services at minimum cost. Dynamic efficiency refers to changes in
efficiency over time, and is generally regarded as being promoted where producers have incentives to invest and
innovate to meet future consumer demand.

Specifically, the monopolist will maximise profits by producing the level of output at which its marginal cost is
equal to its marginal revenue.

The return on capital is provided through the cost of capital (i.e. the WACC), and the return of capital is provided
through an allowance for depreciation.
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also encourages greater competition and efficiencies in the relevant downstream markets.
In contrast to the outcomes in a market characterised by SMP or dominance, cost-based
pricing provides efficient pricing signals to the market and leads to an efficient allocation of
resources as buyers only pay for the costs that are associated with meeting their demand.
Excessive profits and monopoly rents are not passed on to consumers and hence do not
distort consumption decisions. Cost-based prices are consistent with what can be
expected in a competitive market.

The correct measure of costs will depend on the type of services under consideration.
Where services are supplied in a perfectly competitive market, prices will be set at a level
that reflects the marginal cost of producing the service. However, in markets such as
telecommunications, where there are economies of scale and scope, the appropriate
pricing principle must allow for the recovery of relevant fixed and common costs. In most
jurisdictions, the regulatory framework applying to telecommunications defines access
pricing principles that are based on some measure of incremental cost, where, depending
on the definition of the increment of service, fixed costs are taken into account. As noted
above, the legislative framework that applies in Bahrain specifically refers to forward-
looking incremental costs.

The Position Paper further discusses the concept of cost in the following sections.
However, the Authority re-iterates that the determination of cost-based interconnection
and access tariffs is critically important in the context of telecommunications markets,
which are characterised by natural monopoly ‘bottlenecks’ within a vertically-integrated
market structure. A wide range of telecommunications services are supplied across a
number of functional dimensions, with the upstream bottleneck input (such as the local
loop) being used to supply a downstream service in a competitive or potentially
competitive market (such as fixed broadband services). However, if the vertically-
integrated operator is able to sell the upstream input at a price that is inflated above the
relevant measure of the input cost, a barrier to efficient entry and expansion in the
downstream market is created, as the entrant will face a higher cost (in the form of the
inflated wholesale tariff) than does the incumbent and/or the incumbent will enjoy
unreasonable profits for this input. This may give rise to distortions of competition at the
downstream level (e.g. margin squeeze) and at the upstream level (e.qg. inefficient
investment signals). By ensuring that the access price is set at cost, the Authority is
promoting effective competition in the downstream market, ensuring that the vertically-
integrated operator is not enjoying unreasonable profits, and providing adequate
investment signals.

2.3 Purpose of developing bottom-up cost models

26.

27.

The current framework for setting terms and conditions and tariffs for wholesale
interconnection and access services in Bahrain is based around the submission of
Reference Offers (ROs) to the Authority, who then assesses whether the tariffs and other
terms and conditions proposed in the Reference Offers are fair, reasonable and non-
discriminatory. In accordance with Article 57 of the Telecommunications Law, when the
Authority considers that the proposed tariffs, and other terms and conditions are not fair,
not reasonable and discriminatory, then the Authority may issue an Order in which it
determines the tariffs as it considers appropriate in accordance with Article 57.

To date, the ROs that have been submitted to the Authority, and the Authority’s evaluation
of those offers, have typically been based on a top-down accounting framework in which
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the cost accounting data of the operator under consideration is used. Top-down models
reflect existing networks, which may or may not represent efficient network operations. In
addition, top-down models are typically inflexible and lack transparency, and can rely on
data that may be out-of-date. For instance, in the last two years there has been a period of
about 14 months between the time when costs are incurred by Batelco and the time when
regulatory accounts are ready. The subsequent time it takes for Batelco to prepare its RO
submission and for the Authority to review it, means that approved or ordered charges are
based on costs which have been incurred a considerable time before (e.g. about 2 years
for the RO price issued on 25 January 2011 which is based on 2008 costs).

In contrast, the development and use of bottom-up cost models more closely reflects the
economic costs (as opposed to accounting costs) of efficient telecommunications networks
and assists regulatory authorities in setting prices based on forward looking incremental
costs in line with the requirements of the Telecommunications Law. Such models provide
greater transparency and thus reduce the information asymmetry between operators and
the regulator. Enhanced visibility of the structure and operation of the bottom-up models
also allows for sensitivity and scenario analyses to be undertaken, for example to examine
how costs differ as penetration levels differ or as the cost of capital changes. Reliance on
the output of top-down models can be problematic as they reflect accounting costs which
may vary significantly year on year due to accounting reasons. This contrasts with
economic costs which are not subject to this kind of undesirable variability.

The Authority believes that the existing top-down accounting framework that has been
developed and used to set wholesale tariffs, review retail tariffs and assist in competition
investigations to date in Bahrain remains a very useful regulatory tool and source of
information for regulatory purposes. The Authority is not proposing to supplant the use of
existing top-down cost information with the bottom-up cost models, but instead use both
modelling approaches as complementary regulatory tools. By examining costs from both a
top-down and a bottom-up perspective, the Authority will be better placed to determine
tariffs for telecommunications services that are more closely aligned with the criteria
established in the legislation.

Achieving cost-oriented pricing requires regulators to have detailed information concerning
the operator’s costs and, more generally, a sound understanding of the business of
operators. Cost models are not only a tool to assess and set tariffs such as wholesale
access and interconnection tariffs but can be used in a variety of regulatory and
commercial contexts such as evaluating the impact of proposed regulatory measures or
policies on costs and penetration rates, estimating network deployment CAPEX and OPEX
for business planning purposes, and assessing the expected profitability of network
deployment by geographical areas and by segments, etc. In a nutshell, a regulatory cost
model can provide tangible benefits both for operators and regulators as it brings forward
an objective, transparent, and holistic regulatory tool — built in a cooperative way and
through a consultative process.
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31.

32.

33.

3.1

34.

35.

36.

Introduction to the different costing approaches

NRAs as well as operators have a broad choice regarding the tools they may use for
calculating cost. As the Authority wishes to broaden the range of tools at its disposal to
ensure that regulated prices are fair and reasonable and non-discriminatory, it has decided
to develop a bottom-up cost model for fixed core, fixed access and mobile networks in
Bahrain.

Whatever the methodology selected, developing a cost model invariably aims at
calculating the unit cost of a service® under a given set of assumptions. The supply of a
defined increment of service will typically involve specific assets and expenditures.
Therefore it is possible to summarise the process of calculating the unit cost of a service
with the following general formula:

Depreciation charge + Return on capital enployed + Opex
Number of units of service produced

Service unit cost =

Before presenting and discussing the main cost modelling issues, this section outlines four
high-level questions that are relevant to the development of cost models for
telecommunications networks:

a. (8 3.1) Which approach to cost modelling should be used?
b. (8 3.2) How should assets be valued?
c. (8 3.3) Which cost methodology should be used?

d. (8 3.4) Which cost allocation approach should be used?

Which approach to cost modelling should be used?

There are two main approaches to cost modelling:
a. Top-down; and
b. Bottom-up.

To date, the Authority has relied on top-down accounting models to determine appropriate
tariffs for regulated services in Bahrain. In this section, the Authority sets out the relative
merits of top-down and bottom-up cost models. These factors have been important in the
Authority’s decision to develop a set of bottom-up cost models to complement the existing
top-down modelling approach and to strengthen the regulatory framework in Bahrain.

Under a top-down approach, cost inputs are taken from the operator’s accounting records
and are allocated to services by using service demand and allocation rules. This method
does not involve detailed network modelling. Instead, the relationships between the
production of services (outputs) and costs are derived from historical observations. Costs
can however be projected forward on the basis of output and cost forecasts.

A service can be defined as a bundle of sub-services.
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Under a bottom-up approach, the model uses detailed data and engineering rules to
(re)build a hypothetical efficient network, reflecting as appropriate the network of the
modelled operator. The network is modelled so as to deliver telecommunications services
and to satisfy the demand for these services. The costs of this network (including capital
costs, operations and maintenance costs) are then allocated to all the services provided
over that network. This approach has more of an ’engineering-based’ nature than the top-
down approach (which is more ‘accounting-based’) as it starts by dimensioning and
building a network and identifies all components of cost at a much more granular level.

At a high-level principle, bottom-up modelling is performed in three steps:®

a. Inthe first step, the services to be modelled are identified (interconnection
services, local access services, etc.) and data relating to the demand for these
services is gathered (the number and location of customers, annual traffic and
traffic during peak hours if relevant, etc.);

b. Inthe second step, the model designs an efficient network’ by establishing which
assets (equipment, facilities, links, etc.) are required in order to provide in the
most cost-effective manner the services demanded. At this stage, the model is
effectively determining the efficient type and quantity of assets required to satisfy
demand;

c. Thirdly, once the network has been designed and dimensioned, each asset is
valued and depreciated (with a “historical” or “current” approachs) and a unit cost
of usage can be derived through allocation keys and routing tables.

The key step of the bottom-up approach compared to the top-down approach is the
second step where engineering rules and cost allocation drivers are used to build an
efficient network to meet demand, and from which costs can then be derived for each
service being modelled.

The relative advantages and disadvantages of both approaches are summarised in the
following table.

In section 0, a more precise description of steps involved in the building of a bottom-up cost model is provided.

Efficiency can be introduced through specifying optimization rules which define the extent to which a new network
(or part of a network) is built without regard to (or unconstrained by) historic decisions.

See section 3.2.
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Table 1: Pros and cons of Top-Down and Bottom-Up approaches

Pros Cons

May over-optimise or omit costs. If this
happens, the operator will be under-
compensated and incentives to invest in the

Model costs that an efficient entrant
would face — send appropriate “build or

buy” signals )
a v sl network will thus be reduced
>
é Flexible — can change assumptions | Modelling of operating expenditure can be
o readily difficult
=
o - A
Transparent — much of the information
o0 .p . . Data needed for the model may not exist
used is publicly available
Adequate for prospective analysis | The modelling process can be time-
(forward looking view of cost evolution) | consuming and expensive
Include the firm’s actual costs, and so are
Incorporate actual costs . . e
likely to incorporate inefficiencies
Less transparent, including confidentiality
- Useful for testing results from bottom- | issues which mean that other stakeholders
= up model may not have access to the information
3 used
o May be faster and less costly to
|9 Y y The parties may dispute the cost allocation

implement, but this depends on how
well categories in the financial accounts
match the data required

rules used (the rules used to allocate shared
and common costs among specific services)

Data may not exist in the required form

Source: Based on ICT Regulation toolkit, chapter “3.3.2 Long-Run Incremental Cost Modelling”

41. Each of the top-down and bottom-up approaches has distinct benefits and drawbacks:

a.

The top-down approach tends to reflect, by construction, the actual costs incurred
by the operator and provides a snapshot of the reality. It reflects the existing
configuration of networks, which may or may not reflect efficient network
operations. Because it reflects only the current situation (which in turn will be a
legacy of historical decisions), the top-down approach has difficulties in
establishing robust forecasts. It also lacks transparency. Furthermore, any existing
inefficiencies are embedded in the cost estimates. As the ITU states in its ICT
Regulation Toolkit, it is more complex to deal with inefficiencies in a top-down
model than in a bottom-up model:®

“It is possible to make adjustments to top-down approaches to remove
inefficiencies in the firm’s current network configuration and costs, but it is
difficult to do so transparently. The incumbent firm will have more
information about its historic performance and its accounts than the
regulator or new entrants.”

A bottom-up approach provides a better understanding of underlying cost
structures and cost drivers. Bottom-up cost models are more transparent and
better able to analyse and determine accurately changes in cost over time under
significant uncertainty or where cost structures are expected to change. It is more

9

ITU, ICT Regulation Toolkit (http://www.ictregulationtoolkit.org/en/section.2092.html).
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flexible with respect to a wide range of parameters, such as legacy issues (the
distinction between a “scorched-earth” and a “scorched-node” approach is
detailed in section 4.1), engineering rules and operating costs. Compared to top-
down models, bottom-up models are more amenable to sensitivity analysis. A
bottom-up model is also able to model expected costs of a network that is
currently being built (such as for example an FTTH network), whereas a top-down
model is not capable of doing so. Dealing with efficiencies is also easier than with
a top-down approach, as costs are derived from service demand through
established engineering rules.’® This approach has greater transparency than a
top-down approach, as the inputs, engineering rules and assumptions used in a
bottom-up engineering model are all visible and can be more objectively tested.
Transparency and visibility are important to help address the information
disadvantage that the regulator has compared to the incumbent and regulated
firms. Transparency also helps operators and regulators have a stronger basis
and a better understanding of regulatory decisions. A key advantage of bottom-up
models is that, by being able to calculate the costs of a “new” network, they can
provide appropriate ‘build or buy’ signals. This is important to promote efficient
investment and achieve the right balance of infrastructure-based and service-
based competition. The main drawback of the bottom-up approach is that
estimated costs are not necessarily in line with existing operators’ costs and may
not reflect achievable levels of efficiency.™

It is possible to combine the strengths of both of these approaches. A bottom-up model is
first developed and calibrated considering top-down information among other sources of
information. A sensitivity analysis can then be performed by adjusting the unit cost levels
and cost causality relationships of each cost component, so that the drivers of the
differences between the output of each approach can be identified and taken into account
in decision making as appropriate.

A top-down model can usefully complement the bottom-up model to have a better
understanding of the cost structure of the modelled operator and as a point of comparison.
However, any comparison should not result in the inclusion of inefficiencies in the cost
estimates. This has been recently highlighted by the European Commission in the specific
case of termination rate calculation:*

10

11

12

The European Commission has recently recognised the benefits of Bottom-up cost models in its Commission staff
working document accompanying the Commission Recommendation on the regulatory treatment of fixed and
mobile termination rates in the EU, Explanatory Note, C(2009) 3359 final, SEC(2009) 599, May 2009. “BU models
use demand data as a starting point and determine an efficient network capable of serving that demand by using
economic, engineering and accounting principles. BU models give more flexibility regarding network efficiency
considerations and reduce the dependence on the regulated operator for data. A BU model is synonymous with
the theoretical concept of developing the network of an efficient operator because it reflects the equipment
quantity needed rather than actually provided and the model ignores legacy costs. (...) Although BU models are
generally developed by NRAs, operators can contribute to the model inputs and assumptions. This will increase
the transparency and objectivity of BU models, although it carries the risk that ‘negotiated’ figures, as opposed to
more accurate figures, will be used in the model.” (page 13).

As discussed elsewhere in this paper, it is for this reason (i.e. the potential omission of costs or overstatement of

efficiencies) that the Authority considers it critical for operators to be involved in the development and validation of
the bottom-up cost models.

European Commission, Commission staff working document accompanying the Commission Recommendation on
the regulatory treatment of fixed and mobile termination rates in the EU, Explanatory Note, C(2009) 3359 final,
SEC(2009) 599, May 2009, pages 13-14.
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“Given the fact that a bottom-up model is based largely on derived data,
e.g. network costs are computed using information from equipment
vendors, regulators may wish to reconcile the results of a BU model with
the results of a TD model in order to produce as robust results as possible
and to avoid large discrepancies in operating cost, capital cost and cost
allocation between a hypothetical and a real operator. The purpose of the
reconciliation is to show and to quantify the sources of differences between
both models and to make appropriate adjustments accordingly, thus
assisting in the verification of the BU model. This may be appropriate, for
example, where there is an information asymmetry or a risk of certain cost
categories being erroneously omitted. However, any modification of the BU
model must take into account the necessity of showing the costs of an
efficient operator; it should not be done merely to bring the results of both
models closer.”

44. Bottom-up and top-down approaches are thus complementary. Whereas top-down models

are typically built by regulated firms, regulators generally developed bottom-up models in
participation with the industry. While a top-down approach is useful in order to provide a
shapshot of the aggregated cost incurred by an operator (and also of its profits), it is not
fully flexible and transparent. A bottom-up approach on the other hand offers a clearer
understanding of cost drivers, is flexible in the case of structural changes, has a more
objective treatment of efficiency, and offers greater transparency. In addition, bottom-up
models are more suitable for forward-looking analysis, and avoid regulatory lags
associated with top-down data that can often be out-of-date. Overall, bottom-up models
are an essential tool to support robust and evidenced-based regulation.

3.2 How should assets be valued?

45,

46.

47.

There are two broad approaches to asset valuation:
a. Historical costs; and
b. Current costs.

A historical cost approach consists of taking the costs of the modelled network as equal to
the operator’s accounting costs. A historical cost approach is relatively easy to implement,
especially if the operator has a thorough and well maintained analytical accounting
system. However, a historical cost approach may not be suitable for regulatory purposes
as the aim of regulatory decision is, among other objectives, to define what should be the
economic conditions of an effectively competitive market. In particular, historical costs are
not able to reflect, by definition, changes in asset prices over time, unless the network has
been recently deployed. As a result, the valuation of assets on the basis of their historical
cost will not provide good “build or buy” signals for service- or infrastructure-based entry
decisions when asset prices change over time.

This is why a ‘current cost’ approach is generally preferred for network modelling
purposes. A current-cost approach implies that whatever the source taken for the costs,
the model ensures that it should reflect the current and expected value of the assets. To
recognise the effect of changing asset prices, the current cost approach requires revaluing
assets to reflect the current price of assets.
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The difference between historical and current asset valuations is that the latter reflect
asset price changes through the evolution of the depreciation charges calculated.*® This
enables the cost modelled to better reflect the cost base of a competitive market.

However, for those parts of a telecommunications network where “build or buy” decisions
are less relevant, such as the fixed access network which is typically regarded as a natural
monopoly, the use of historic costs may be appropriate. This has been explicitly
recognised in a number of regulatory decisions in other jurisdictions in recent years. For
example, in Australia the Australian Competition and Consumer Commission (ACCC) has
recently reviewed the access pricing principles for fixed-line access services,™ and has in
particular proposed a move away from valuing the access network on the basis of its
current replacement cost. In doing so, the ACCC noted the limitations of using a
replacement cost approach when pricing fixed network legacy services: ™

“While the underlying rationale for the use of replacement cost approaches — that
is, to promote efficient ‘build/buy’ decisions — remains valid, its continued
application may be questioned in the current telecommunications environment.

In particular, it has become apparent that Telstra’s copper CAN displays
enduring bottleneck characteristics, rather than being a network likely to be
bypassed through technological or market development. It is also unlikely that
competitors will build alternate CAN infrastructure. The ACCC therefore
considers that a replacement cost pricing approach, with its rationale of providing
efficient ‘build/buy’ signals, is less applicable in the present environment.”

This proposed approach was supported by the regulatory appeals body in Australia, the
Australian Competition Tribunal.™®

The Authority will implement the ‘current cost’ approach in the bottom-up models.
However, the Authority intends to compare current price valuation with historic valuation
during a bottom-up top-down ‘comparison’ phase. When deemed necessary, the Authority
will proceed to adjustments.

Key message 1: The Authority will implement the ‘current cost’ approach in the
bottom-up models.

3.3 Which cost methodology should be used?

52.

There are two main cost methodologies used by NRAs:
a. the Fully-Allocated Cost (FAC) methodology; and
b.  the Long-Run Incremental Cost (LRIC) methodology.

13

14

15

16

see Annex B — Asset depreciation.

ACCC, “Review of the 1997 telecommunications access pricing principles for fixed line services: Draft report”,
September 2010.

ibid, pages 25-26.
ibid, page 16.
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53. Though some methodological aspects encountered in FAC are similar in LRIC, the main
difference between the two methodologies is that the FAC approach is based on
accounting practices whereas LRIC is based on economic reasoning.

54. As an accounting approach, the FAC methodology is based on the expenses incurred by
the operator and allocates them to each service in accordance with the cost causation
principle. Under that methodology, a cost breakdown procedure is used that groups
together costs by nature and function to calculate the cost of each service. This approach
implies that reliable accounting information is available, which is usually generated by
activity-based accounting systems.

55. The LRIC methodology is more grounded in economics. As discussed earlier, in a
perfectly competitive market, prices are set equal to marginal costs. Under certain strong
assumptions, marginal cost pricing maximises social welfare and results in an efficient
resource allocation and efficient market entry. However, in the presence of economies of
scale and economies of scope (arising from fixed and common costs respectively),
marginal cost pricing will lead to under-recovery of costs. A way to deal with this problem
is to measure marginal cost in the long run, taking account of service-specific fixed costs.
Another way to deal with it is to define larger increments in order to account for the cost
effects of joint production and economies of scope and scale. This led to the development
of the LRIC methodology, which considers that the cost of a service is equal to the change
in total cost resulting from a discrete variation in output in the long run (that is when all
inputs are variable)."’

56. The LRIC methodology allows for more flexibility than FAC as the notion of “increment”
can take several forms. A single service or group of services could be defined as the
increment, but also the entire portfolio (where a long run average incremental cost is
calculated) or at the other end a single unit of production (where a marginal cost is
calculated). The LRIC methodology can thus produce different cost estimates for a given
service, depending on the definition of the increment.

57. The prevalence of joint or shared assets in a telecommunications network'® requires that
when assessing the costs of a given service, an approach must be defined that will
allocate the common costs incurred by the operator to the various services using the
common assets. In telecommunications, the following cost categories can be identified:

a. Directly attributable costs (also called increment specific costs): these are
costs that are incurred when producing a given service and that would cease to
exist in case production of this service was stopped. In mobile networks, for
example, the SMS server cost is a cost specific to the SMS service. Directly
attributable costs can be fixed or variable (i.e. vary together with the level of
output).

b. Joint costs: these are costs that are incurred by a set of services. In mobile
networks, for example, the Home Location Register (HLR) is used both for on-net

7 Economists distinguish between a “long run” and a “short run” period on the basis of a firm’s ability to unwind its

fixed costs. In the short run, certain costs will be fixed in the sense that these costs could not be avoided even if
the firm was to cease production. In contrast, the long run is the period of time where all costs (including costs that
are fixed in the short run) can be treated as variable costs.

2 In a telecommunications network, assets are usually not used to deliver a single service but are shared between a

group of services or even among the entire portfolio of services produced by the operator. For example, a mobile
base station can deliver SMS, voice, and data services.
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calls and for mobile termination and is therefore a joint cost to both the on-net
voice service and the mobile voice termination service.

c. Network common costs: these are network costs used by all services. This is
the case for backhaul in mobile networks or for trenches in fixed networks.

d. Un-attributable costs (also called corporate overheads or non-network
common costs): these are costs that cannot be attributed in a non-arbitrary way
(non-attributable costs), such as the costs associated with the Chief Executive, or
the costs of operating a car fleet.

e. Disallowed costs. Costs which are excluded from the calculation of regulated
services charges (e.g. fines for breaches of the Telecommunications Law).

There are a number of different measures of LRIC which could be used, with the key
difference being the definition of the increment. The LRIC approach can be defined as the
long-run cost of serving a defined ‘increment’ of demand. It is calculated as the difference
between the total long-run cost of a network providing all services and the long-run cost of
a network providing all services with the exception of the ‘increment’. The resulting cost
estimate will therefore depend on the size of the service increment. For example, at one
extreme, where an increment is a single unit (i.e. a minute of voice traffic), the LRIC of
supplying that unit will be equal to the marginal cost, which in the context of capital-
intensive industries such as telecommunications, will generally result in a very low to null
cost where there is spare capacity.19 If however the increment is defined as the entire
volume of voice traffic carried on a network, a wider set of costs will be captured, including
fixed network costs.

Two main LRIC approaches are generally considered, with the two approaches differing
according to their treatment of joint and common costs.

The traditional ‘LRIC’ (Total Service LRIC (‘TSLRIC’)) approach operates with a broad
increment.?’ The ‘increment is composed of all services which contribute to the traffic
economies of scale in the network (e.g. mobile traffic on a mobile network). With such a
large increment, incremental network common costs of all traffic will be taken into
account.”! The cost of each individual service is then derived according to the cost
allocation rule used.** This approach shares equally the economies of scale benefits
among all services.

In contrast, the ‘pure LRIC’ approach considers as the increment the traffic created by a
single service (e.g. voice call termination) (service A in the figure below). As a
consequence, the associated incremental cost is the cost avoided when service A is not
produced. This cost is the difference between the total cost for producing all services and
the total cost of producing all services with the exception of service A. Under this
approach, service A benefits to a great extent from economies of scale as neither network
joint/common costs nor corporate overheads are taken into account in so far as they are

19

20

21

22

And a very high marginal cost where that capacity becomes exhausted.

A variant is the so-called Total Element LRIC (TELRIC) which defines each increment as an independent
network unit (e.g. mobile network, fixed access network, core network etc...). This approach is currently followed
by Batelco in its top-down model. Zain defines two increments in its mobile network top-down model (traffic
sensitive and subscriber sensitive increments).

Network costs can include connection fees (one-off charges).

see section 3.4.
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not incremental to the service increment considered. In other words, if all services were
priced based on a pure LRIC approach, network common costs and corporate overheads
would not be recovered. As a consequence, these common costs have to be allocated to
other services than those being priced with a pure LRIC approach.

From a practical point of view, a bottom-up cost model can produce cost estimates in
accordance with both the ‘LRIC’ and ‘pure LRIC’ standards. The ‘pure LRIC’ estimate for
service A is calculated running the model two times: once with the whole set of services
and once ‘switching off’ the service A. The difference between these two values gives the
‘pure LRIC’ of service A. ‘LRIC’ is calculated running the model once (with all the
services).

At this stage, the treatment of corporate overheads needs to be considered. They can
eventually be marked up (the approach is then sometimes referred to as ‘LRIC+’ in order
to take into account all the costs of the operator modelled).23

Figure 1 summarises the differences between the pure LRIC approach and other forms of
LRIC where the size of the increment varies according to the number of services included.
For example, the pure LRIC of service A only captures the specific costs that are incurred
when service A is produced. No joint or common costs are included. Distributed LRIC (‘D-
LRIC’) is a variation of LRIC for which a share of joint and network common costs is
allocated to the total incremental cost.

If the increment is defined more broadly to include services A, B, and C, the LRIC will
include not only the service-specific costs of the three services, but also the costs that are
jointly incurred across those services. Where the increment includes all services delivered
over the network, the resulting LRIC will include service-specific costs and joint and
common costs, while the LRIC+ (also referred to as D-LRIC+) will also include a mark-up
to cover a portion of un-attributable costs (e.g. corporate overheads).

Once the LRIC of the increment (a service or group of services) is calculated, a cost per
unit of service can be derived by dividing the LRIC by the increment output expressed in
equivalent units (i.e. normalised among services by applying conversion factors). This cost
per unit is called the Long Run Average Incremental Cost (‘LRAIC’) of the service.

23

see section 3.4.
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Figure 1: Example of variants of the LRIC methodology family
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Source: the Authority

67. Historically, NRAs have used the LRIC+ approach (where un-attributable costs are
included and where the increment is ‘all services’) while the pure LRIC approach is now
increasingly used for termination rates.

68. In its 2009 recommendation on the regulation of termination rates, the European
Commission recommends to use a pure LRIC approach in the specific case of termination
charges in order to promote efficient production and consumption and to minimise
potential competitive distortions. Indeed, the European Commission explains that if
common network costs are included in the calculation of termination charges, this can lead
to cross-subsidies between fixed and mobile operators.

69. However, if each service were to be priced according to the pure LRIC approach, joint and
common network costs and corporate overhead costs would not be recovered or would
have to be recovered from other services. In addition, under the pure LRIC approach, the
resulting costs are likely to differ for services whose delivery involves the same network
elements (such as call origination, which may be required to bear a significant proportion

of joint and common network costs, and call termination, which will bear none of these
costs).
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70.

71.

72.

In the Authority’s view, it is therefore necessary to implement the LRIC+ approach at a
minimum in the cost model to ensure overall cost recovery. The Authority is also of the
view that the pure LRIC approach may be appropriate in some circumstances, such as in
the fixed and mobile core networks for several services such as termination (as it is in
Europe).

Therefore, the fixed core and mobile networks bottom-up models will be able to calculate
for each increment its LRIC+** and for selected increments both the LRIC+ and the pure
LRIC. The Authority will not calculate pure LRIC for services which account for a
considerable proportion of traffic (e.g. leased lines, broadband access), This approach
would be inappropriate as pure LRIC for such services could lead to cost recovery
difficulties. The Authority will ensure that with the pure LRIC approach, network costs will
be fully recovered by the operator by allocating non-specific costs of the service(s) for
which the pure LRIC approach is applied to other service(s).

In the fixed access network, the increment is defined as the whole access network
(TELRIC approach) and the Authority is therefore of the view that there is a unique way to
assess the LRIC for the access network.”® This is consistent with the legal framework
since, as explained in section 2.1, tariffs shall be based on incremental costs.

Key message 2: The Authority will implement both the pure LRIC and LRIC+

approaches for services handled by the fixed core and the mobile networks. For
fixed access network services, the increment is defined as the whole access
network.

3.4 Which cost allocation approach should be used?

73.

74.

As noted earlier, joint and common costs are prevalent in telecommunications networks.
For both mobile and fixed networks, several network elements are not specific to a given
service but are required to provide a set of services. The allocation of network costs
between different services is a key issue for network costing as:

a. Mobile networks share many services: SMS, voice, data, etc.;

b. The fixed core NGN network can support many services: voice, data products, TV,
Video-on-Demand (‘VoD’), Internet, etc.;

c. Inthe access network, trench costs can be shared between copper and fibre.

In the case of Bahrain, the allocation of costs between services presents further
specificities, some of which are presented below.

24

25

LRIC + gives similar results regardless of the size of the increment as it includes a contribution for joint and
common network costs as well as for corporate overheads.

In so far as all the costs of the access network are specific to the access network (i.e. there is no or marginal
sharing of cost between the core and access), the choice between pure LRIC and LRIC+ is a false choice as the
pure LRIC and the LRIC+ approach would give similar outcomes.
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75. For example, Zain has a core network which is shared between mobile services and
Wimax broadband services. As a consequence, the modelling of Zain’s network costs will
need to take into account the allocation of network costs between mobile services and
Wimax services.

76. A similar issue arises in the case of Batelco whose fixed core network also supports
mobile traffic. However, this mobile traffic can be seen as leased line traffic handled by the
fixed core network which ensures a non-discriminatory treatment of this traffic compared to
other leased lines.

77. Further, with NGN core networks, the proportion of common cost is typically greater than
with legacy network.”® This makes the question of how to allocate common and joint costs
more acute.

78. As the LRIC+ approach implies that joint and common costs are allocated across multiple
services, as does the LRIC+ approach, the Authority will give careful consideration to the
way in which such joint and common costs are allocated. The allocation of joint and
common costs is a complex task.

Joint and common network costs

79. Different allocation keys can lead to very different unit costs for a given service. This is
especially the case for NGNs given the increasing demand for services such as data,
Internet or VoD. As a result, unit costs that include cost allocations based on bandwidth
result in low unit cost for voice services. Similar changes can be observed with mobile
networks which are increasingly used to provide data services.

80. Several allocation rules are generally described in economic theory, such as:

a. inthe ‘proportional rules family’ (technical allocation): equi-distribution, required
capacity, Moriarty, residual benefit, and Equi-Proportionate Mark-Up (EPMU); and

b. inthe ‘game-theory rules family’ (economic allocation): Shapley-Shubik or
nucleolus.

81. Inthe next paragraphs, a high level discussion of cost allocation rules is provided (a
detailed presentation is included in Annex A — Cost allocation).

82. Each allocation rule has its advantages and drawbacks, although the required capacity
allocation rule and the Shapley-Shubik rule are the most common methodologies
considered and/or used by NRAs for allocating joint and common network costs.

83. The required capacity allocation approach allocates common and joint costs based on the
capacity used by each service at the busy hour (i.e. a 60-minute period during which the
maximum total traffic load occurs). This has been the traditional approach followed in
telecommunications because many costs are traffic sensitive and networks are
dimensioned to support the peak of traffic. Under a strict cost causation principle, the
dimension of the network is traffic-dependent and thus network costs are allocated
accordingly.

% See Commerce Commission, Discussion Paper on Next Generation Networks, 24 December 2008 “While the next

generation multi-service IP core network should result in lower costs in the longer term, as a common platform is
used to deliver multiple services, there will be a higher proportion of common costs compared to legacy networks.”
(page 18)
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84. The Shapley-Shubik rule has also been considered by some NRAs such as ARCEP in
France®” or ComReg? in Ireland. The Shapley-Shubik allocation approach consists of
setting the cost of a service equal to the average of the incremental costs of the service
after reviewing every possible order of arrival of the increment (see Annex A — Cost
allocation for more details). The Authority is of the view that such an approach may be
worth considering because the required capacity allocation rule may have some
drawbacks in some specific cases. For example, with the required capacity allocation rule,
the voice service may be allocated a very small share of common network costs because
it uses much less capacity compared to other services. Therefore, the voice service may
bear very low costs, which could contrast with the value of the voice service as perceived
by market players and consumers. In such a case, the Shapley-Shubik allocation rule may
provide a more appropriate outcome.

85. The Authority will implement the required capacity (also called ‘capacity based’) allocation
method in the bottom-up models for common network costs, as this approach allocates
such network costs in accordance with the capacity required by each service and thus
conforms to the principle of cost-causation. In addition to this allocation method, the
Authority will also implement the Shapley-Shubik allocation method. This method has
been considered by some NRAs and can provide useful insights.

Key message 3: The Authority will implement both the required capacity and
the Shapley-Shubik allocation methods for joint and common network costs in the
bottom-up models.

Un-attributable costs (corporate overhead)

86. In addition to network costs, an operator faces non-network common costs such as the
costs of maintaining a corporate office which are incurred to support all functions and
activities. Examples of these costs include costs associated with head office buildings,
senior management and internal audit.

87. Identifying the impact of an increment on corporate overheads is a very complex task. This
is illustrated by the following quote from the Danish regulatory authority NITA/ITST:

“It is often argued that many overhead costs are common costs, for
example the costs of the legal department and the chairman’s salary. This
is only correct to the extent that it is not possible to identify how a specific
increment affects the overhead cost at hand. Using the ABC approach
outlined in Chapter 8, however, it should be possible to establish a causal
relationship between these costs and final activities in most cases. Having
said that, some overhead costs might not warrant the effort involved in the
analysis and might better be recovered via a mark-up.” 2

#  See ARCEP, decision n° 2008-0896.
% See ComReg, decision n° D03/08.
% NITA/ITST — Model Reference Paper — 2008
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These costs are potentially material and should be recovered if appropriate.*® According to
the European Regulators Group (ERG),** the methodology traditionally used by NRAs to
allocate these costs is the EPMU approach:®

“In a regulatory environment it is accepted that all services should bear, in
addition to their incremental cost, a reasonable proportion of the common
costs. The preferred method of allocating common costs is Equal
Proportionate Mark-Up (EPMU).”

Under the EPMU approach, each service is allocated a share of the common costs in
proportion to that service’s share of total attributable costs. While the EPMU approach is
relatively simple to implement, the main drawback of this approach is that it does not take
into account efficiency considerations.

An alternative method is known as ‘Ramsey-Boiteux pricing’. According to economic
theory, efficiency is maximised when prices are set equal to marginal costs. However,
because of the existence of fixed and common costs, Ramsey-Boiteux prices include a
mark-up on the marginal cost of each service in order to contribute to the joint and
common costs. The size of the mark-up on each service is inversely proportional to the
price elasticity of demand for that service, as this minimises the consumption-distorting
effect of raising prices above marginal cost.® As a result, welfare is maximised.

The economic literature often presents Ramsey-Boiteux pricing as the theoretically optimal
approach to allocate common costs from an economic welfare stand-point. However, most
regulators recognise the significant difficulties in estimating Ramsey-Boiteux prices, in
particular the need for accurate estimates of own- and cross-price elasticities, and hence
Ramsey-Boiteux mark-ups are generally not used by regulators for allocating joint and
common costs.** The difficulties inherent to such approach have been recognised by
many regulatory authorities or economists:

Ofcom stated in March 2011: “Consistent with the view reached in other
proceedings, full application of Ramsey pricing is computationally very
difficult and highly prone to regulatory error” and added “mobile markets

(including MCT) are not easily amenable to Ramsey pricing analysis”.>®

“Academic economists and policymakers both often argue that regulators

do not have the information to set Ramsey prices”. %

“While regulators could try and approximately implement such global
Ramsey pricing formulas, there have been no known attempts to do so”.*’

30

31

32

33

34

35

36

37

Article 6.2.3 of the Accounting Separation Regulation dated 2 August 2004 limits un-attributable cost to less than
10% of overall costs.

ERG was the predecessor to the Body of European Regulators for Electronic Communications (BEREC).
ERG - Recommendation on how to implement the commission recommendation C(2005) 3480 - 2005

See Laffont and Tirole, 2001, Competition in Telecommunications, Cambridge: MIT Press, for more detailed on
Ramsey-Boiteux pricing.

Assessment whether a Ramsey-pricing methodology can be implemented for setting the Local Loop Unbundling
(“LLU”) Line Share (“LS”) price in Ireland, ComReg, 18 August 2009.

Assessment of Vodafone’s mobile terminating access service (MTAS) Undertaking, ACCC Final Decision March
2006.

Ofcom, Wholesale mobile voice call termination Statement, March 2011
Laffont J-J., Tirole J. (2000).
Vogelsang I. (2006).
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“This requires a substantial amount of information, particularly as the
impact of one service’s price on the demand for other services has to be
taken into account. It is also very important that market rather than
company elasticities of demand are used to set prices, because otherwise
all the shared and common fixed costs end up being recovered from
services where there is little or no competition.”®

92. Given the empirical difficulties associated with Ramsey pricing, and that the EPMU
approach is widely used for allocating unattributable costs (this is for example the case in
Batelco’s top-down models)39, the Authority will implement the EPMU approach for the
allocation of common non-network costs.

Key message 4: The Authority will allocate un-attributable costs (non-network
common costs) on the basis of the EPMU approach.

4 Methodological issues involved in bottom-up cost modelling

93. When developing and implementing a bottom-up cost model, several options are
available. The development of a bottom-up cost model therefore firstly requires a
discussion on several methodological issues that have significant implications on the
development and implementation of the model.

94. The aim of this section is to introduce the main methodological issues, to analyse the
possible approaches and their potential impact on the development of bottom-up cost
models and to finally define which approach will be followed by the Authority.

95. For the purposes of this document, the methodological issues related to bottom-up cost
models have been grouped into the following categories:

a. Technical issues (see §4.1);

b. Financial issues (see §4.2);

c. The charging basis (see 84.3);

d. The use of gradients to set regulated prices (see §4.4)

e. The period of time to be covered by the model (see §4.5)

4.1 Technical issues

96. Technical issues relate to the type of network and the type of operator that is being
modelled. This section discusses and sets out the Authority’s views on the following
technical issues:

a. Scorched node versus scorched earth;

% Comreg, Decision D8/01.

¥ See also Annex C —International regulatory approaches .
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b. Type of operator modelled;

c. Technologies to be modelled;

d. Limit between access and core;

e. Network dimensioning optimisation approach to be modelled;
f.  Services to be modelled (wholesale level);

g. Treatment of OPEX.

Scorched node versus scorched earth

97. In bottom-up models, one key network design assumption is related to the question of
whether (and if so, to what extent) the existing network topology should be taken into
account. Two approaches regarding the location of core network nodes are usually
proposed: ‘scorched node’ and ‘scorched earth’. The scorched node approach uses the
location of the existing network nodes and then builds an optimised network within the
constraint of those existing nodes, whereas the scorched earth approach (also called a
‘greenfield’ approach) tends to build an ideal topology that is unconstrained by the existing
network.

98. For a mobile network, the ‘scorched node’ approach consists of keeping the existing
location of base stations as an input for the model. The rationale for this approach is that
base station location is subject to many constraints. These include technical constraints
(such as the need for high points of presence to ensure optimal coverage) but also
administrative constraints that cannot be easily modelled. For example, mobile operators
are facing increasing difficulties to find base station sites due to local authorities
sometimes imposing limitations on the density and/or location of base stations.

99. For a fixed network, choosing a ‘scorched node’ approach means keeping the existing
exchange location as an input for the model. As for mobile networks, the rationale is that
existing sites were chosen in the past following demographic, geographic and technical
studies. These studies take into account constraints that might be difficult to consider
when modelling an ideal topology.

100. The scorched node approach is often preferred by NRAs.* For example, the ERG strongly
supported the scorched node approach on pragmatic grounds:*

“Designing an optimal network topology is not a straightforward task. For
feasibility reasons, it is appropriate to take the existing network topology as
the starting point for the cost allocation process. Such a scorched node
approach would imply that the existing points of presence are maintained
but that technologies are optimised consistent with there being an actual or
potential new entrant or efficient competitor.”

101. Retaining the location of the existing nodes does not necessarily mean that potential
inefficiencies should not be addressed. The ERG recommended that inefficiencies should
be eliminated even if the scorched node approach is chosen:*

% See Annex C —International regulatory approaches on methodological issues.

“ ERG - Recommendation on how to implement the commission’s recommendation C(2005) 3480 - 2005

2 ibid.
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102.

“It can be appropriate to modify the scorched node approach in order to
replicate a more efficient network topology than is currently in place. Such a
modified scorched node approach could imply taking the existing topology
as the starting point, followed by the elimination of inefficiencies. This may
involve changing the number or types of network elements that are located
at the nodes to simplify and decrease the cost of the switching hierarchy.
Other important issues in this respect are how to deal with spare capacity in
the network and the existence of stranded costs. When the modified
scorched node approach is not applicable because the elimination of
inefficiencies is not practical, it could be more appropriate to use a
scorched earth approach.”

For the reasons exposed above, the Authority will use the scorched node approach for
both fixed and mobile models because it is based on a more achievable and realistic level
of efficiency. In the event that obvious inefficiencies are observed, adjustments could be
made in accordance with best practices.

Key message 5: The Authority will use the scorched node approach for both

the fixed and mobile models. In the event that obvious inefficiencies are observed,
adjustments could be made in accordance with best practices.

Type of operators modelled

103

104.

105.

106.

107.

. When implementing the cost models, the Authority will rely on information provided by

operators related to the price of assets paid, OPEX and local engineering rules, as long as
it is reasonable to use this data. However, several ‘operator profiles’ can be proposed.
Some models aim at replicating existing market operators43 whereas other models design
a ‘generic operator’ that is different from any existing operator.

Modelling existing operators’ profiles enables cost differences that may exist between
operators and the drivers of those differences to be identified.

There are a number of parameters to be chosen to model a ‘generic operator’. The most
significant ones include:

a. Operator's market share;
b. Network technology (e.g. for mobile: 2G, 3G...); and
c. Choice for the backhaul (e.g. leased lines, radio links, own infrastructure, etc...).

The ‘generic operator approach’ has several benefits such as enabling a model to be
published without providing confidential data coming from the operators. It is also easier to
implement as a single model is used for all operators.

There are several ways to model a ‘generic operator’. A common approach is to construct
an ‘average’ operator, whose structure would be based on the actual operators. Another
approach is to model a new entrant coming into the market. A ‘generic operator’ would use
efficient forward-looking technologies.

43

Existing operators are modelled with actual market share, network traffic and coverage.
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108.

109.

110.

111.

112.

113.

An important parameter when designing a ‘generic operator’ is to set an appropriate level
of economies of scale. In 2009, the European Commission completed a detailed review of
available options for the definition of generic operators in the context of fixed termination
rates and mobile termination rates (MTRS).

For fixed network modelling, the European Commission underlined the difficulties of
setting the appropriate level of economies of scale. A smaller operator could be able to
compete covering smaller areas. In addition, the availability of wholesale (regulated)
products could enable small operators to benefit from the economies of scale of larger
operators:**

“When deciding on the appropriate single efficient scale of the modelled
operator, NRAs should take into account the need to promote efficient
entry, while also recognising that under certain conditions smaller operators
can produce at low unit costs by operating in smaller geographic areas.
Furthermore, smaller operators which cannot match the largest operators’
scale advantages over broader geographic areas can be assumed to
purchase wholesale inputs rather than self-provide termination services.”

For the fixed core and fixed access cost models, the Authority will model Batelco’s
networks. Batelco is indeed the fixed incumbent operator and is the only fixed regulated
operator with a national coverage for both the fixed access network and the fixed core
network.

For mobile network modelling, two approaches can be used to define the relevant market
share of the generic operator. Either the market share of the generic operator can be
defined as ‘1/Number of operators’, i.e. 33% in the case of Bahrain; or the approach
followed by the European Commission in its 2009 recommendation could be used, i.e. the
market share of the generic operator could be set at 20%.%

“To determine the minimum efficient scale for the purposes of the cost
model, and taking account of market share developments in a number of
EU Member States, the recommended approach is to set that scale at 20%
market share.’

Given the current market shares of the three mobile network operators in Bahrain, the
Authority considers that the European Commission’s assumption of minimum efficient
scale at 20% is not relevant for the purposes of modelling a generic mobile operator in
Bahrain. The Authority’s view is that the generic operator should be modelled with a 33%
market share.

Where there are significant cost differences between the operators, the ‘generic operator
approach’ could lead to unit costs being unachievable for some operators. In this case,
modelling based on each of the existing market operators might be preferred. This case
has been explained by the GSMA in its best practice paper on the setting of MTRs: *

“In deciding on a particular approach, a NRA should be mindful of whether
there is an expectation that there are fundamental cost differences between
the different operators, and whether or not these differences could be
quantified in a hypothetical model. If there are differences which cannot be

44

45

46

European Commission — Explanatory note on the recommendations of TR - 2009
European Commission — Explanatory note on the recommendations of TR - 2009

GSMA - The setting of mobile termination rates, best practice in cost modelling - 2008
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easily quantified in a hypothetical model, it is our opinion that individual
operator models should be built to ensure that the NRA reduces the risk of
setting a termination rate that is unachievable for one or more of the
operators in the market.”

114. As Batelco, Zain and Viva may potentially incur different costs, the Authority will model the
network of each operator. This is without prejudice to the Authority’s position that MTRs
should be symmetrical.*’

115. In addition, the Authority will develop and implement a ‘generic operator model’:

a. The generic operator will be designed with a reasonable level of economies of
scale. A 33% market share will be used (average market share in a 3-player
context) because 20% market share is too low for current operators.

b. The network demand of the generic operator will be determined is such a way that
its subscribers’ average usage (both in quantity and mix of services) will follow
market average.

c. The Bahraini generic mobile network will be built based on technologies used by
operators (combination of 2G and 3G).

d. If an operator was to deploy a new mobile network in Bahrain, it would benefit
from the latest technology available at the moment and accordingly, it would
deploy its network in the most efficient manner. Such deployment is likely to share
more similarities with Bahrain’s latest mobile entrant. The network topology of the
generic mobile operator will therefore follow Viva’s mobile network as determined
by the scorched node approach. The generic topology will be subject to possible
adjustments to reflect the generic operator’s spectrum assignment (refer to Table
3), potential differences in the number of base stations, and potential differences
in mobile traffic load.

e. Among mobile operators, distinct backhaul infrastructures are used:

i. Batelco uses both its fixed core network and microwave-based systems
for mobile backhaul. Thus for the purposes of modelling cost, the
Authority will use both leased lines and microwave links for Batelco’s
mobile backhaul;

ii.  Zain and Viva use microwave-based systems to provide backhaul for the
great majority of their base stations.

While a generic operator with no fixed network may use microwave
transmissions in the same way Zain and Viva currently do, the Authority will
identify through the development of the models the most efficient type of
backhaul of the generic operator among several other possibilities including own
fixed infrastructure or Batelco’s leased lines. This decision will be taken
considering the forward looking traffic faced by operators.

47 The Authority, 1 February 2010, The Regulation of Mobile Termination Services, Position Paper.
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Key message 6: For the fixed access and fixed core models, the Authority will

model Batelco’s network. For mobile networks, both the operators’ specific models
and the generic operator model will be implemented.

Technologies to be modelled

116

. In order to model the network of an operator (either mobile or fixed), a key choice relates

to the technology to be modelled. This question encompasses a set of technological
issues that aim to define modern/efficient standards (amongst them topology and
spectrum standards) for delivering services. Proven, available and lowest cost
technologies should be used in the model as it enables the calculation of efficient current
COsts.

Mobile models

117

118.

119.

. For modelling the costs of a mobile operator, a number of technological options are

available. Successive generations of technologies have been rolled out over time, with the
most significant steps being the transition to digital GSM (2G) and the introduction of
UMTS network elements (3G). Technological change is still ongoing, with Long Term
Evolution (‘LTE’) deployments already planned in several countries, including Bahrain.

The three mobile operators in Bahrain (Batelco, Zain, and Viva) have deployed both 2G
and 3G technologies. Therefore it makes sense to model both 2G and 3G technologies.
This is consistent with the European Commission’s recommendation to model a
combination of 2G and 3G technologies.48 As a consequence, the Authority is of the view
that a combination of both 2G and 3G technologies should be modelled. However, in case
the LTE technology is commercially launched and deployed to a significant extent between
2011 and 2015, the Authority will consider updating the model to include this technology in
the modelled radio access network.

Another relevant issue related to the modelling of mobile network costs is the quantity and
type of spectrum of each operator that should be taken as an input to the model. Indeed,
all else being equal the larger the spectrum bands assigned to an operator, the lower the
number of base stations required and thus the lower its costs.”® In addition, the lower the
assigned frequencies are in the spectrum, the lower the deployment costs tend to be (this

48

49

European Commission — Explanatory note on the recommendations of TR - 2009 “Just as in fixed networks, a
forward-looking perspective would imply that all services will be delivered over an IP core network. A BU model
built today could assume that the core network is NGN-based, to the extent that the costs of such a network can
be reliably identified. Similar issues arise in relation to the mobile access network as compared to the fixed access
network. In the same way as fibre to the node or to the home is replacing copper, so too are 3G- or UMTS-based
technologies gradually replacing 2G. Some very important differences remain. In mobile networks economic
conditions driven by demand concentration and geographic characteristics influence the selection of a range of
spectrum-based technologies to match those conditions. It can be expected that 2G and 3G networks are likely to
co-exist for a number of years. Hence, the model should be based on both 2G and 3G employed in the access
part of the network to reflect the actually anticipated situation facing operators, while the core part could be
assumed to be NGN-based.”

This is true up to a certain extent. Indeed, up to a certain amount of spectrum, it may be that additional quantity of
spectrum does not enable cost savings.
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is particularly the case for the IMT 900 MHz frequency band which possesses better signal
propagation characteristics and allows better coverage than higher frequency bands such
as the 1800 or 2100 MHz bands). As a consequence, the question of the frequency band,
the bandwidth and the multiplexing scheme of assigned spectrum blocks is important in
the development of mobile cost models.

120. In Bahrain, mobile operators are currently using a combination of GSM 900, GSM 1800,
3G FDD and 3G TDD spectrum blocks, as summarised in Table 2.

Table 2: Mobile operator spectrum assignment in Bahrain

Assighments

Total bandwidth (MHz) Bateico Zain Viva
GSM 900 23,6 24,0 11,2
GSM 1800 40,0 50,0 30,0
3G FDD 20,0 30,0 30,0
3G TDD 5,0

Source: the Authority

121. Batelco, Zain and Viva therefore have different spectrum assignments. In the context of
Bahrain, if these differences in spectrum assignment were to generate material cost
differences (due to a different number of base stations required), these differences would
be captured in modelling the individual mobile operators.

122. In the case of the ‘generic operator approach’, the Authority proposes to use an average
spectrum assignment as shown in Table 3.

Table 3: Proposed spectrum assignment for the generic operator

Assignments Generic

Total bandwidth (MHz) operator
GSM 900 20,0
GSM 1800 40,0
3G FDD 25,0
3G TDD -

Source: the Authority

123. The Authority will take into account ‘licence fees’ in its modelling exercise since it
represents a cost to operators. ‘Licence fees’ include the following 4 categories:

a. Licence fee: one-off payment to acquire the right to operate and commercialise
telecommunications services in the Kingdom of Bahrain;

b. Annual licence fee: annual payment expressed as a percentage of the gross
revenues (currently set at 0.8%);

C. Frequency licence fee: one-off payment to acquire the right to use certain
frequency bands; and

Page 33 of 127



Position Paper
Development, implementation and use of fixed and mobile bottom-up network cost models

d. Annual frequency licence fee: annual payment proportional to the quantity of
spectrum used.

124. ’Licence fees’ should be categorized as network costs rather than retail costs because
licences relate to the operation of a network (a MVNO does not pay any licence)®. In that
regard, the Authority concurs with the GSMA statement on licence fees: “In our opinion,
general licence fees are typically a common cost for the whole business and should be
recovered in the same way as general business overheads. Licence fees that specifically
relate to spectrum can be recovered in the same way as other radio network assets”".
The Authority intends to include two options for licence costs in the ‘generic operator’

model:

a. use of average licence costs. This approach is consistent with the use of average
spectrum assignments as described in the preceding paragraph; or

b. use of latest entrants’ licence costs. Indeed, the latest entrants’ licence costs are
supposed to better reflect the real value of such a licence in a competitive
environment with 3 operators.

In any case, the bottom-up models will be flexible enough to test several levels of
licence costs and to complete sensitivity analysis for licence costs.

Key message 7: The Authority will model both 2G and 3G technologies.
However, in case the LTE technology is commercially launched and deployed to a
significant extent between 2011 and 2015, the Authority will consider updating the
model to reflect this technology.

Key message 8: The Authority will consider the spectrum allocated to each
operator for specific models and the average allocated spectrum when modelling
the network of a generic operator. The network’s topology of the generic operator
will follow Viva’s network topology to which adjustments may be made to reflect the
average allocated spectrum.

Key message 9: The Authority will treat non spectrum-related license fees as a
common cost whereas spectrum-related license fees will be treated as a network
cost. For the generic operator, the Authority will use both the average licence costs
and the latest entrants’ licence costs. In any case, the bottom-up models will be
flexible enough to test several levels of licence fees’ costs and to conduct
sensitivity analysis for this input.

% If MVNO were to pay licence fees, then a sensitivity analysis could be carried out to assess the impact of

allocating the amount of licence fees paid by MVNOs to retail costs also.

1 GSMA, The setting of mobile termination rates: Best practice in cost modelling, 2008
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Fixed core model

125.

126.

127.

128.

Over the last few years, Batelco has deployed an NGN core network. If a greenfield
operator were to roll out a new fixed core network today, it would likely choose a packet-
switched network with services delivered over an IP core network, i.e. NGN core. As a
consequence, a cost model built with a forward-looking view should consider a NGN-
based core network.

The Authority is therefore of the view that a NGN core network should be modelled using
the same architecture and technologies as those used by Batelco, i.e. based on a
scorched node approach and taking into account the mix of Ethernet and IP-MPLS over
SDH technologies as described in Figure 2. The Authority considers that it would not make
sense to model the costs of legacy networks such as the PSTN network. The Authority
notes also that there is a separate SDH network for the provision of CAT and LLCOs
services.

Figure 2: Batelco's NGN network

Service

Service
platform

IP-MPLS

Core
over SDH

Exchange (Batelco Service Node) |

Source: the Authority

As the vast majority of services share the same equipment and assets (e.g. ducts) in
Batelco’s network, the question of which cost allocation methodology should be used is of
utmost importance for the fixed core network (see section 3.4).

The Authority intends to model the core network with and without a media gateway to
reflect the two types of NGN: (a) NGN with Media Gateway (to communicate with the
PSTN world); and (b) pure NGN without Media Gateway. The NGN without Media
Gateway is the most forward-looking network as it implicitly assumes that there are no
longer PSTN networks.

Finally, in the Authority’s view, it is important that any modelling take into account any
plans that Batelco may have regarding the evolution of its core network in the medium
term (over the next 3 to 5 years) (such as the introduction of new technologies, removal of
the SDH transmission network) to give a picture of forward-looking costs.
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Key message 10: For the fixed core network, the Authority will model Batelco’s
existing NGN core network. Two types of NGN will be modelled: with and without a
Media Gateway. The Authority will also model a separate SDH network which is
currently used for the provision of certain leased lines services.

Fixed access model

129. The main access technology currently used in Bahrain for voice, low-speed leased lines
and broadband services is copper. The Authority will therefore model the bottom-up costs
of the copper access network.

130. However, in many countries, some operators are currently deploying fibre in the access
networks. Those networks as generally referred to as Next Generation Access (NGA)
networks and take the form of fibre to the home (FTTH) or more generally FTTx, where X
refers to the point at which the fibre terminates (such as the street cabinet). This is also
the case in Bahrain where:

a. The government announced in 2010 that a National Broadband Network (NBN)
would be established in Bahrain.>® The decision was taken to make available on
an open access basis the capacity on the fibre network of the Electricity and
Water Authority (EWA).

b. An FTTH network has already been deployed and is commercially available in
Amwaj islands.

c. Some operators have plans to roll-out a FTTH network in Bahrain.”®

131. As a consequence, the Authority intends also to develop a bottom-up model calculating
the costs of a fibre access network built both as an overlay of the current copper network
or as a standalone network. This will enable the modelling of both a network based on
existing ducts and trenches and a network deployed by an operator starting from scratch.
When building this model, the Authority anticipates that it will take into consideration, if
relevant, sharing of trenches between copper and fibre.

132. Different architectures can be considered for the deployment of fibre access networks. As
fibre has not yet been deployed on a national scale, choice(s) of architecture(s) would
have to be made for the access cost model:

a. On the one hand, a choice between fibre to the street cabinet / fibre to the curb /
fibre to the basement /fibre to the home;

b. On the other hand, a choice between point-to-point architecture (as used in
Ethernet P2P technology), and point to multipoint architecture (as used in GPON
technology).

%2 «statement of Government Policy with respect to the establishment of a National Broadband Network for the

Kingdom of Bahrain”, dated 4 July 2010.

"2Connect launches FTTH services in Bahrain", 25 November 2010,
http://www.telecompaper.com/news/2connect-launches-ftth-services-in-bahrain.

53
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Figure 3: Possible scenarios for the fixed NGA network
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134.

Source: the Authority

. The fibre topology modelled should be prima facie the topology that is likely to be

deployed in the medium term. The Authority’s view is that a fibre deployment based on a
point-to-point (‘P2P’) architecture is preferable,* as such a deployment provides a
dedicated fibre pair to each end-user without the need to employ splitters and share
capacity in the access network. As a result, a P2P deployment is more ‘future-proofed’ and
better able to accommodate future growth in bandwidth demand. P2P is also better from a
consumer choice standpoint as it provides more flexibility in terms of competitive access,
including access at the layer 1 level with fibre loop ‘unbundling’.55 The Authority therefore
considers that the cost model for the fixed access network should cover a P2P FTTH

architecture.

For the access network model, the Authority will model the cost of a copper network along
with the cost of a P2P FTTH architecture. The model will calculate the cost of provisioning
fibre accesses to end-users for two scenarios: a first scenario whereby the FTTH network
is deployed as a stand-alone network (no sharing with existing infrastructure) and a
second scenario where it is built as an overlay of the current copper network (existing

54

55

As explained in “Draft Position Paper on the Deployment of Telecommunications Networks in New Property”
issued by the Authority on 27 May 2009.

Ofcom has previously referred to the difficulties of fibre unbundling under a GPON architecture. According to
Ofcom, “Given that there is likely to be a high number of passive splitter locations and that the process for
disconnecting/reconnecting end user fibres will require significant manual intervention, this type of fibre
unbundling is likely to be costly and impractical”. Ofcom, Review of the wholesale local access market, 23 March
2010, paragraph 7.44.
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ducts and trenches will be shared for both copper and fibre cables wherever possible). For
informational purposes, the Authority will also implement an ‘ad hoc’ assessment of the
cost of a GPON deployment (as a discount on the P2P cost based on international
benchmarks).

Key message 11: For the access network, the Authority will model the cost of a
copper network along with the cost of a P2P FTTH architecture. Two scenarios for
the P2P fibre deployment will be modelled: a) a greenfield deployment and b) an
overlay deployment on top of the current copper network. For informational
purposes, the Authority will also perform an ‘ad hoc’ assessment of the cost of a
GPON fibre deployment (as a proportion of the P2P cost, based on international
benchmark).

Limit between access and core (line card)

135. The limit between the core and the access network has to be clearly set in the cost model.
It may drive the scope of the costs included in the model for several services such as
interconnection.

136. From an operator point of view, the core-access limit is usually set at the line card level as
illustrated in Figure 4.

Figure 4: Demarcation between fixed access and core network
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137. When modelling network costs, the common practice is to consider passive assets as part
of the access network model and active assets as part of the core network model. The
passive equipment (ducts and trenches) used by the core network are first calculated in
the access network model and then used as inputs in the core network model.

138. From an economic point of view, the key difference between the access and the core
network is that access network costs are non-traffic sensitive (line-related costs) whereas
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139.

most core network costs are traffic sensitive. The number of line cards is a non-traffic
sensitive cost. From a pricing perspective, line cards should rather be considered as part
of the access network because these costs are dedicated per user and hence generally
recovered from rental charges.

Although the cost of the line cards will be calculated in the core network model for
convenience purposes, its cost will be part of the access network costs.

Network dimensioning optimisation approach

140. In bottom-up models, there are two different approaches to dimensioning a network and

141.

142.

optimising its costs for a given service and/or traffic demand: the ‘yearly’ and the
‘historical’ optimisation approaches. The two methods have different mechanisms when it
comes to calculating annual investment, as explained below.

a. Theyearly approach estimates the number of assets for a given year without
taking into account what was previously built. While this approach ‘rebuilds’ the
network every year independently from historic investments, it can include a
forward looking view by taking into account traffic growth forecasts (e.g. optimise
year 2011 with 2014 traffic forecast if this reflects current engineering rules). The
yearly approach produces a better ‘build or buy’ signal to operators. Under this
approach, the results of the model can also be interpreted as efficiency targets
achievable in the mid-term. Therefore this approach usually leaves room for
appreciation by the regulator (e.g. the use of top-down models as complement). In
the long term, when assets need to be renewed, the efficient cost incurred by
operators is close to the cost obtained with the yearly approach.

b. The historical approach relies on what was built in the previous years to
estimate what should be built for the coming years, e.g. optimise year 2011 taking
into account the accumulated demand from the previous years. Like the yearly
approach, the historical approach can also include a forward looking view. This
method closely reflects the history of the deployments, corrected for potential
inefficiencies and is therefore usually used to set the tariff at the calculated cost
without room for appreciation. Contrary to the yearly approach, it is a lot more
complex to implement and depends heavily on the availability and accuracy of
extensive detailed historical data.

Nevertheless, in cases where service and/or traffic demand is increasing each year at a
constant growth rate, these two approaches give the same results when economic
depreciation (such as tilted annuities) is used as opposed to accounting depreciation (such
as straight line depreciation). However when the quantity of equipment required is equal or
lower than that of the previous year, tilted annuities differ between the two dimensioning
approaches.

Both yearly and historical approaches have been chosen by other NRAs (refer to Annex C
—International regulatory approaches on methodological issues). The Authority intends to
use the yearly optimisation approach in the development of its bottom-up cost models.
This approach will ensure that models are more flexible and better adapted to sensitivity
analysis. It also better reflects the costs incurred by a new market entrant in Bahrain and
therefore gives better ‘build or buy’ signals. Moreover, as Bahrain is still a growing market,
the choice of a yearly approach would lead to similar results as with the historical
approach but without the added complexity and the significant amount of data to be
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collected from operators, thus ensuring easily workable models for both the Authority and
the relevant operators. In any case, the model would be flexible enough to have a different
traffic input for the dimensioning of the traffic (for example, using a traffic in the past that
was higher than today) and for the calculation of unit cost (for which the current traffic
must be used). This will enable the Authority to carry out sensitivity analysis. However, this
would only be achievable if operators provide sufficient historical data on traffic.

Key message 12: The Authority will use the ‘yearly approach’ to optimise the
dimensioning of the network. However, the model will be flexible enough to have a
different traffic input for the dimensioning of the network and for the calculation of
unit cost in to enable sensitivity analysis.

Services to be modelled

143. While a model is built to calculate the cost of certain (wholesale/retail) services produced
by a network, all (other) services provided by this network must be taken into account to
determine the level of investment required to support the demand and to appropriately
allocate cost between services. It is necessary to do so to ensure that the network is
appropriately dimensioned.

144, This being said, it is not necessary to model services that require specific assets and that
are not consuming network capacity, such as e-mail secure services, hosting services, etc.

145. The main services that will be considered include:
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Table 4: Retail and wholesale services to be modelled®

Access