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1. Introduction
1.1. Background (fixed line market in Albania)
Prior to the entry into force of Law No..9918, dated 19 May 2008, “On Electronic Communications in the Republic of Albania” and to the regulation of the national regulatory authority for telecommunications market in Albania AKEP on general authorization, approved with Steering Board Decision (SDB) No. 495, dated 19 September 2008, undertakings licensed as public telecommunications operator for the provision of publicly available fixed telephony services and entitled to build and use public fixed telecommunications network were classified into First Class and Second Class operators.  Second class operators were operators licensed for regional and local areas, which till 2 April 2007 were entitled to operate only in rural areas. Albtelecom, the fixed telephony incumbent in Albania, was the First Class operator entitled to provide fixed telephony services and build its network in the whole territory of republic of Albania.  The number of Second Class operators (previously known as rural) amounted to 61 as at the end of 2007. After implementation of changes in the law in November 2006 alternative fixed network operators may be licensed for up to three regions (including urban areas).
The number of fixed telephony subscribers has increased at a low rate despite the licensing of rural operators since 2000, which have had the right to build and operate fixed telephony networks in rural areas.  The number of fixed telephony subscribers by the end of 2007 amounted to approximately 296 000 or 9.3% penetration rate per 100 inhabitants. The numbers of rural subscribers (now regional and local) were estimated to be 35 000, while the numbers of Albtelecom users by the end of 2007 were estimated to be 261 000.  Licensing of alternative operators in urban areas seems to have had an impact to the increase in their number of subscribers during the first half of 2008, by approximately 50 000. The number of Albtelecom subscribers has grown at a very slow pace during 2007-2008, e.g. in some urban areas there is still a waiting list for connection to Albtelecom network.  On 1 July 2009 estimated number of fixed line telephony users amounted to 360 000 (15% increase compared to 1 July 2008) and the penetration rate reached 11.3%. The number of users of Albtelecom reached 292 000, representing a growth rate of 11% (in particular in the first half of 2009). Although Albtelecom has been entitled to build its network in the whole territory of Albania, its access network mainly covers the urban areas.
The rate of growth of fixed telephony market in Albania is in contrast to the mobile market growth. The mobile market in Albania has experienced considerable growth with regards to the number of users. The number of mobile telephony users by the year 2000 had been rather low and amounted to approximately 29 000. On July 2008, the number of mobile users reached 2.5 million or approximately 80% penetration rate per 100 inhabitants. AMC and Vodafone Albania hold about 50% market share each in terms of subscribers, traffic and revenue. The number of users of Eagle Mobile, which started offering services on 13 March 2008, amounted to approximately 100 000. Users’ structure is similar for AMC and Vodafone Albania, and prepaid users amount to 94% of the total mobile users.  In July 2009 the number of mobile users reached 3.5 million, and a penetration rate – 110%. New entrant Eagle Mobile reached 480 thousands of users.
On 13 November 2007 TRE (now AKEP) with SDB No..410, this date designated Albetelcom as a SMP in the following relevant markets:

1. access in public telephone network from a fixed location;

2. publicly available telephone calls from a fixed location;

3. call termination towards geographic numbers of end users in Albtelecom network;

4. call origination in fixed public telephone network;

5. national calls transit in fixed public telephone network;

6. international calls transit in fixed public telephone network.

According to Albanian Telecommunication Law, AKEP is entitled to approve or set prices for the regulated services provided by the SMP operator. 
1.2. Objectives of this paper

The purpose of this Model Reference Paper published for AKEP is to present the main assumptions of internationally recognized costing principles and standards for a Bottom-Up Long Run Average Incremental Costs (BU-LRAIC) Methodology that is proposed to be used as a costing methodology for Interconnection and Access Services in the Albanian Fixed Telecommunications sector and to seek comments thereto.
In this document we summarise the key modelling assumptions used in the development of BU-LRAIC model for interconnection and access services provided by Albanian fixed line SMP operator – Albtelecom.

The primary objective of the development of the BU-LRAIC model in Albania is the setting of tariffs for regulated services. As in some of the EU countries the bottom-up model will be used by AKEP for the calculation of costs of selected wholesale services and setting the prices based on the cost calculations. This objective is coherent with European Commission guidance for EU telecommunication regulators on the cost-based method to be used when calculating rates for wholesale services.

Other potential objectives of the BU-LRAIC model include:

· Price control. In most cases, bottom-up models are deployed as a control tool for National Regulatory Authority (NRA), which is used in the process of regulatory audit or review of the top-down models submitted by the operators.

· Development of a hybrid solution. Recently, some countries in the EU (e.g. Lithuania, to some extent UK) implemented hybrid models. The HY-LRAIC combines top-down and bottom-up approaches attempting to focus on the strengths of both approaches, i.e. efficiency of network modelling in bottom-up and detailed cost allocation of top-down models.

BU–LRAIC model will calculate the costs of the following services:

· Call termination in Albtelecom network, according to relevant segments: local, single and double;

· Call origination in Albtelecom network, according to relevant segments: local, single and double;

· National transit calls;

· International transit calls;

· Point of interconnection services and other interconnection related services such as interconnection ports and interconnection links;

· Leased lines;

· Carrier Pre-selection and number portability;

· Albtelecom access network services including access to LLU (full and shared unbundled access).
Although the model will calculate unit costs only for regulated services, all retail and wholesale voice services will be modelled so that the voice and data platform is correctly dimensioned and all costs are recovered. The total service set would also include:

· Local on-net calls (retail) - Voice calls between two retail subscribers of the modelled fixed operator within the same call charging zone.

· National on-net calls (retail) - Voice calls between two retail subscribers of the modelled fixed operator not in the same call charging zone.

· Outgoing calls to international (retail) - Voice calls from a retail subscriber of the modelled fixed operator to an international destination.

· Outgoing calls to mobile (retail) - Voice calls from a retail subscriber of the modelled fixed operator to a domestic mobile operator.

· Outgoing calls to other fixed operators (retail) - Voice calls from a retail subscriber of the modelled fixed operator to a domestic fixed operator.

· Outgoing calls to non-geographic numbers (retail) - Voice calls from a retail subscriber of the modelled fixed operator to non-geographic numbers, including 08xx numbers, directory enquiries, and emergency services.

· Dial-up Internet traffic - Circuit-switched calls made by customers for Internet access

· xDSL retail - Provision of a digital subscriber line (xDSL) Internet service and sold through the modelled operator’s retail arm.

· Leased lines provisioned for retail customers, other operators, or internal use

· Other transmission services
- Transmission bandwidth between the different layers of the network (e.g. access nodes, distribution nodes, core nodes) is used by services identified above and other services (e.g. ATM, FR, VPN, connections to hybrid fibre-coax (HFC) and mobile networks, etc.). This excludes the xDSL backhaul and leased line services defined above.

For the services that are currently being provided by Albtelecom to alternative operators based on the Reference Interconnection Offer (RIO) service definitions from RIO will be used. 
1.3. Consultation process
AKEP is obliged to take appropriate account of the opinions of interested parties through a public consultation prior to taking decisions that will significantly influence the market

 
Since the main purpose of the costing model is to calculate the costs incurred by an efficient incumbent operator in Albania we assume that the majority of the input data required for the model will be gathered from market participants. This is especially important in cases of input data that have the most significant impact on the final results of the model e.g. prices of network infrastructure, civil works, operational data required to calculate mark-ups for common costs etc. In case when data is not provided by the market participants these inputs will be based on the benchmarking data from other fixed line operators (e.g. from UK, France, Germany or other European countries), however in such case the results of the model may differ from the situation of Albania and may not properly reflect the costs incurred by Albanian operator, e.g. due to the higher value of the network and lower number of network failures mark-up for network maintenance may be lower in the EU countries than in Albania. 

1.4. Structure of this document
The structure of this document is as follows: 

· Chapter 2 defines services that will be modelled with the BU-LRAIC model and includes high level graphical representations of the scope of services. 

· Chapter 3 describes main methodological assumptions for the BU_LRAIC model and addresses the key issues and areas requiring an opinion from market participants.
· Chapter 4 presents the cost modelling approach and describes proposed process of cost calculation step by step. 
2. Description of services

2.1. Interconnection

Interconnection services include traffic services such as:
· Local voice termination and origination in Albtelecom network;
· Single voice termination and origination in Albtelecom network;
· Double voice termination and origination in Albtelecom network;
· National transit calls;

· International transit calls.
For these types of services costs, and therefore payments, are calculated per minute of traffic. Costs of termination and origination of calls will be treated as equal. Pictures below present the graphical description of the traffic services:
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Exhibit 1. Local termination 
Local termination service is a voice call between alternative operators’ subscribers and incumbent operator’s subscriber within the same call charging zone. In cases where the receiving party is connected to a Remote Subscriber Unit, service costs include costs of one local exchange, cost of local transmission (LS-RSU) and part of the costs of Remote Subscriber Unit related to traffic services. In some cases, when the receiving subscriber is connected directly to the local exchange, costs of termination will not include the costs of local transmission and RSU.
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Single termination is a voice call between alternative operators’ subscribers and incumbent operator’s subscriber within the same call charging zone. Compared to the local termination, single termination assumes utilisation of two switches and additional elements of transmission between these two switches. Alternative operator connects to either transit or local switch.
Exhibit 2. Single termination 
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Exhibit 3. Double termination Single termination is a voice call between alternative operators’ subscribers and incumbent operator’s subscriber located in the different call charging zones. Compared to the single termination, double termination assumes utilisation of two switches and additional element of transmission between these two switches. Alternative operator connects to either transit or local switch.
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 Exhibit 4. National transit
National transit is a service provided by the incumbent operator to connect a voice call between two alternative operators. Originating operator (A) interconnects with the incumbent on the transit switch. Voice call is further transited to other transit switch and is terminated at other alternative operator’s network (B).
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Exhibit 5. International transit 
International transit is a service provided by the incumbent operator to connect a voice call between two alternative operators, domestic and international. Originating operator (A) interconnects with the incumbent on the international switch. Voice call is further transited to the transit switch and is terminated at domestic operator’s network (B).

In addition to the traffic services we will also calculate costs of interconnection links (Point of Interconnection). To establish an interconnection with the incumbent, alternative operators connect their points of presence with the predefined incumbent’s interconnection points through 2 Mbps interconnection lines. Thus a physical and logical connection between the two networks is implemented and the Interconnection traffic is routed.



2.2. Local loop unbundling (LLU)
Unbundled access to local loop (LLU) is an access service provided to alternative telecommunications operators that allows the use of physical wire connection between customer and the Main Distribution Frame (MDF) owned by the SMP operator. Alternative operator can request for an access on MDF (access to the loop) or on cable cabinet (access to sub-loop).
Pictures below present the graphical description of access services:
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Exhibit 6. Full Access to Local Loop
Full access to local loop is a service where the alternative operator gets access to the physical link or circuit that connects the MDF with the customer premises. Local loop is a twisted copper pair used for provisioning of voice and data services. Full access to the local loop includes following network elements: MDF, main network (cables and ducts), cable cabinet, distribution network (cables and ducts), distribution point and drop wire (cable connected to the customer premises equipment).
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Exhibit 7. Shared Access to Local Loop

Shared access provides an access to the local loop of the incumbent operator authorising the use of the non voice band frequency spectrum of the twisted copper pair; the local loop continues to be used by the incumbent to provide voice service to its customers.
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Exhibit 8. Access to Sub loop

Access to subloop (either full or shared) enables the alternative operator to provide services to the customer using the access infrastructure of the incumbent operator by connecting to the street cabinet. Access to subloop does not include main network element.
In addition to the recurring services, LLU also includes one-off services related to the connection of the copper line of the SMP operator to the network of an alternative operator.

2.3. Other services
2.3.1. Number portability

Number portability for fixed line operators (also known as Local Number Portability), refers to the ability to transfer an existing fixed line telephone number, assigned by a local carrier, to another carrier. In most cases, there are limitations to the transferability regarding geography, service area coverage and technology.

As we understand, there is no formal decision regarding the technical solution to be implemented in Albania and no numbers were ported so far. Choice of technical solution has cost implications which affect the cost incurred by different operators and the balance between the initial payment and ongoing costs that operator will face.

There are four main methods to route a number for which an operator has changed:

1. All Call Query (ACQ) - The operator that originates the call always checks a centralized database and obtains the route to the call.

2. Query on Release (QoR) - The operator that originates the call first checks with the operator to which the number initially belonged, the donor operator. The donor operator verifies the call and informs that it no longer possesses the number. The operator that originates the call then checks the centralized database, as with ACQ.

3. Call Dropback - Also known as Return to Pivot (RoP). The operator that originates the call first checks with the donor operator. The donor operator checks its own database and provides a new route. The operator that originates the call then uses this route to forward the call. No central database is consulted.

4. Onward Routing (OR) - The operator that originates the call checks with the donor operator. The donor operator checks its own database and obtains a new route. The operator to which the number was designated routes itself the call to the new operator. This model is also called Indirect Routing.
Calculation of costs of service will be possible after the decision is made by the Albanian regulator. 
2.3.2. Carrier pre-selection
Carrier pre-selection is a service where a telephone subscriber whose telephone line is maintained by one company, usually a former monopoly provider, can choose to have some of its calls automatically routed across a different telephone company's network without needing to enter a special code or special equipment.
Carrier pre-selection is a specific type of access service. The CPS service itself, i.e. the provision of a facility to enable calls to be routed to another pre-selected operator, is distinct from the actual call conveyance that is undertaken by the originating and CPS operators. The origination of the call, which may be subsequently carried by a CPS operator is regarded as an interconnection service.
Main costs related to the CPS service include system capital costs (up-front routing, billing, customer support and database software costs), system recurring costs: (maintenance), operator specific set up and maintenance costs (e.g. account management and billing).
2.3.3. Leased line

A leased line is a symmetric telecommunications line connecting two locations. It is sometimes known as a 'Private Circuit' or 'Data Line' in the UK. Unlike traditional Public Switched Telephone Network (PSTN) lines, it does not have a telephone number, each side of the line being permanently connected to the other. Leased lines can be used for telephone, data or Internet services. Costs of leased lines in the model will be presented as the per km price of different bandwidth lines, mirroring the offer of the incumbent operator.
2.3.4. Co-location

Co-location services offer an operator access to a location at the incumbent operators’ site. This may either be an empty space where the operator may place racks or it may be space on a rack provided by the SMP operator. Other operators may share this SMP-provided rack.

In addition, co-location services also include interconnecting the SMP operator’s equipment and the co-locating operator’s equipment. The service also requires access to the site’s infrastructure (in terms of power supply, cooling, ventilation and security).


3. Methodology assumptions
3.1. LRAIC definition
Long Run Average Incremental Costing method is a cost calculation method recommended by the EC as a primary standard used in the calculation of prices for telecommunication wholesale services.
Long Run - All investments in the long run view are considered as variable with respect to total output and all require replacement at some point in the future.  Long-run costs include all the costs that will ever be incurred in supporting the relevant service demand, including the ongoing replacement of assets used.  It therefore follows that it is necessary to identify all cost elements, which are incurred over the long run to support the service demand of all the increments taken individually and together.
Defining the increment - Incremental costs are incurred in the support of the increment of demand, assuming that other increments of demand remain unchanged. Put another way, the incremental cost can also be calculated as the avoidable costs of not supporting the increment.  There is considerable flexibility in the definition of the increment, or increments, to apply in a costing model, and the choice should be suitable for the specific application. Possible increment definitions include:

· marginal unit of demand for a service

· total demand for a service

· total demand for a group of services

· total demand for all services in aggregate

In the proposed approach by the increment specific to the service, we understand incremental costs of core network services and incremental costs of all access network services.  
Average Incremental - Average incremental costs means that the total cost of the increment is divided by the number of units in question to give a unit cost.

Incremental costs consider the question what would the costs be with or without additional increments of demand. In consequence they are naturally and intrinsically forward looking, i.e. they reflect the costs that a network service provider would incur if it was to build a new network today, using modern equivalent assets (MEA). These costs would be based on anticipated levels of demand for network capacities and planning horizons for equipment installation necessary to run an efficient network. LRAIC is estimated using forward looking economic costs because they mimic the cost base expected in a competitive market. The concept of forward looking costs requires that assets are valued using the cost of replacement with the MEA, since a competitive market operator would use the MEA.

3.2. Why use LRAIC?

This section provides two main arguments supporting the use of LRAIC for the purpose of the cost calculation for regulated telecommunications services.

LRAIC standard is supported by the economics theory

Long run incremental costs based on an efficient deployment of modern assets and processes approximate the costs that would be incurred in a competitive, contestable and sustainable market.

In the event that some telecommunications markets are not effectively competitive and regulatory intervention is justified, regulators typically seek to impose regulated prices which mimic those that would result from sustainable competitive markets 

Properly functioning competitive markets (absent externalities) naturally evolve to provide a range of services and prices to meet the needs of customers. Competitive pressures reduce the prices and so provide the best outcomes for consumers, as service providers strive to become efficient and to compete.
The net result is the prices that tend toward the costs (including a fair profit or return on investment) of providing these services. In this context the setting of LRAIC based regulated prices typically would also include a contribution to efficiently incurred fixed common and joint costs. 
These are likely to include: 

· Network common costs – parts of the deployed network that are common to all network services (e.g. trench that is shared between access and core transport cables). 

· Non-network common costs, or ‘business overheads’ – activities that are common to all functions of the business and exhibit economies of scope (e.g. general management function). 
If all fixed common and joint costs were to be borne by a single increment, the increment’s incremental cost is marked up to the efficient stand-alone cost of providing that increment. The standalone cost therefore represents a logical ceiling to the price of an increment since at a price above that level an equally efficient competitor could enter the market and provide just that service more cheaply. Common costs are to be shared among increments, a mark-up mechanism needs to be defined that will produce the relevant marked-up LRAIC (i.e. the LRAIC+).
Equi-proportionate mark-up (EPMU) is the most commonly adopted approach for the allocation of common costs applied. In EPMU, a unique percentage is used as an up-lift for the incremental cost of all the increments. The percentage is calculated as the ratio of total common costs to total incremental costs. Applying an EPMU is straightforward, and results in a uniform treatment of all the service costs in the business, as well as not requiring any additional information to calculate.

However, recent recommendation of the European Commission advocates to include only pure incremental costs of service when calculating the costs of termination services, this proposal was not implemented anywhere and is not compliant with the regulatory practice. This topic will be further discussed in more details. 
LRAIC standard promotes market efficiency

A key to the market development is to ensure that alternative service providers have access to wholesale services on reasonable terms i.e. dominant service providers allow access to telecommunications facilities at any technically feasible point, and under the same terms and conditions (including quality) as they render their own services. 

These should be priced on the cost of an efficient service provider. LRAIC-based estimates for these prices are intended to replicate the outcomes that would occur in a competitive market.

When access and interconnection charges are based on LRAIC they do not distort the build/buy decision of new entrants. New entrants will be encouraged to use existing facilities if, and only if, it is economically viable to do so. Also, from the perspective of the incumbent LRAIC-based access and interconnection charges provide investment incentives to upgrade or extend the existing network in line with the customer demand or when new technologies become available.
When access and interconnection charges are set on the basis of LRAIC, infrastructure competition is encouraged in those areas where it is efficient to have competing infrastructure. Service competition is encouraged in those areas where the investment in competing infrastructure is not efficient. Service competition only emerges if the competing service provider is able to provide better services or prices and hence buyers of wholesale services are only successful if they are efficient. LRAIC therefore provides the basis for the correct incentives for the right type of market entry, safeguarding the market against inefficient entries.




3.3. Key assumptions
Although LRAIC is a well defined and recognised costing standard, there are still many elements that have to be assumed and some key decisions that need to be taken prior to the development of the model. These decisions may have significant impact on the results of the costing model: 
3.3.1. Bottom-up vs. Top-down
The choice between the Top-Down and Bottom-Up approach has probably the most significant methodological implication for the development of the LRAIC costing model.

The purpose of the Top-Down model is to calculate the LRAIC on the basis of the existing network and cost structure of the SMP operator, eliminating inefficiencies and replacing outdated equipment with new, more cost-effective technology (MEA). It is termed ‘Top-Down’ as it is derived from a service provider’s accounting data. 
The purpose of the Bottom-Up model is to calculate the LRAIC of an efficient network capable of offering the same scale and scope of services being offered by the SMP operator, using the newest technology actually employed in large-scale networks. It is termed ‘Bottom-Up’ as it is derived from the basic network element costs that build up a total business cost.

In principle, the Bottom-Up model starts with understanding the network element requirements for access, switching and transmission resources that an efficient service provider would install today to meet the demand of the SMP operator. By implication, the costs of migrating to the efficient service provider standard from today’s operations would not be expected to be included in a LRAIC calculation. 
In theory, both approaches should give approximately the same results. However, Bottom-Up models carry an inherent risk of omitting relevant costs, whereas top-down models may include inefficiently incurred costs and capital provisioning assumptions may bear little relation to economic reality. Therefore, in order to obtain the most accurate results it would be recommendable to build both models and reconcile the differences between them.

3.3.2. Valuation of assets
Another decision that needs to be taken prior to the development of the model is whether to calculate the costs based on the historical value of assets, or on their current value. In consequence, the decision is whether assets should be re-valued to their current cost.
Historical valuation is based on the actual reported financial results of an operator. These results are directly reconcilable with the statutory financial statements of the operator. Historical cost information is generally accepted as being adequate for financial information purposes but may provide unsatisfactory indicators for regulatory decision making. 

Under the alternative approach, the costs of the operator are calculated using the operator’s accounts, but the assets are re-valued to their current cost. However, a change from the gross book value of the assets in the incumbent’s balance sheet implies a change in the depreciation charges in incumbent’s income statement. For example, if the price of an asset has increased since the time it was acquired, the current depreciation charge related to this asset will be greater than the historical depreciation charge.
According to European Regulators Group (ERG): “to recognise the effect of changing prices or when using a forward looking costing methodology, a valuation of the relevant asset base to current replacement cost values should be performed”.


3.3.3. Scorched node vs. scorched earth
When developing a LRAIC model it is practical and convenient to model the costs of an efficient entrant assuming that the existing network topology forms the starting point for the cost calculation and allocation processes. This approach is referred to as “scorched node” because the costing approach accepts the existing numbers (and location) of switching nodes as given. 

The “scorched node” approach takes as a starting point the nodes of the incumbent’s actual telecommunications network. Between these existing nodes, technologies or paths are optimised to reflect the behaviour of an efficient alternative operator. For example, a BU-LRAIC scorched node cost model for the access network would take into account the location of the existing MDFs of the incumbent, but would re-evaluate their capacity based on actual dispersion of the demand on the territory so as to minimise the length of copper pairs deployed in the main and in the distribution network. Similarly, BU-LRAIC scorched node cost model for the core network would take into account the location of the existing exchanges of the incumbent, but would re-evaluate the need to have switching equipment as opposed to transmission equipment in each of these nodes.
The scorched-node principle might be reasonably modified in order to replicate a more efficient network topology than is currently in place. Consequently, this approach takes the existing topology and eliminates historical inefficiencies (for example, this may involve simplifying the switching hierarchy).

The alternative approach is less practical and open to wide interpretation as it attempts to take account of the costs of an idealistic network topology referred to as “scorched earth”. This scorched earth approach allows complete redesign of the network, without considering existing node locations / numbers. The “scorched earth” approach, considers a telecommunications network based on an ideal topology. Consequently, it is rarely used in the cost modelling.

3.3.4. Capital costs

Telecommunication business is capex intensive and requires significant investments in network and other assets. In consequence, the main drivers of costs of telecommunications services are capital costs, in particular depreciation and cost of capital.  Depreciation is the reduction in the value of an asset due to its usage, passage of time, wear and tear, technological outdating or obsolescence or other factors.  Cost of capital represents the opportunity cost from the perspective of investor or creditor. Capital invested in telecommunication assets could be alternatively invested in other business opportunities (e.g. securities or bonds), therefore investors and creditors have to be appropriately compensated for the risk associated with their investment in the particular business. This compensation comes in the form of interests and dividends paid by a business. In the LRIC models annual cost of capital including interest and dividends is calculated by multiplying the Weighted Average Cost of Capital (WACC) rate by the value of the Capital Employed, i.e. sum of net equity and interest bearing (i.e. financing) debt. In LRIC models cost of capital and depreciation can be calculated separately or jointly, depending on the choice of depreciation method. 
3.3.5. Choice of depreciation method

There are several depreciation methods that can be applied in the LRAIC costing models. The most popular ones are:

· Economic depreciation;
· Straight line depreciation;
· Annuity depreciation.
Economic depreciation can be calculated as the estimated Net Present Value (NPV) of net cash flows generated by an asset for the remaining lifetime at the end of a given year less the estimated NPV of cash flows at the start of the year. This is the change in the economic value where the economic value is the asset’s earning power, i.e. the discounted present value of expected future revenues from the output produced by the asset, less the present value of associated future operating costs.

The values depend on a variety of factors, such as:

· Current and future output demand;
· Asset’s output;
· Operating costs;
· Asset’s life;
· Impact of technological improvements;
· Cost of capital.
Theoretically, economic depreciation is the optimal annualisation method, as this is the most accurate way of measuring the economic value of the asset over its lifetime. However it has a number of significant drawbacks when applied in the regulatory costing models, most important of which is a circular reference. The circular calculation mechanism can be explained by the following set of dependencies: 

1. Economic depreciation is calculated as a difference in economic value of assets in two years;
2. Economic value of assets is based on the expected future cash flows;
3. Those cash flows depend (partially) on volumes and prices charged for delivery of services, including wholesale services;
4. Prices for wholesale services are (in the regulatory environment) based on the costs related to provision of service;
5. Cost of a wholesale service includes a depreciation element.
Hence economic depreciation depends on costs of services which in turn depend on depreciation which leads to a vicious circle of calculations.

Due to the disadvantages of using economic depreciation and the complexity of its calculation, given the detailed set of information required, for practical reasons several alternative methods for deriving annualisation costs can be used.

Straight line depreciation is the standard depreciation methodology in historical cost accounting. The main advantage of the straight-line method is its simplicity. Basic formula for the calculation of the straight line depreciation is as follows:
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Where:
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Denotes asset or group of assets
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Depreciation charge;
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Gross replacement cost of the asset (re-valued historical gross book value of the asset);
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Salvage value of the asset;
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Useful life of the asset.
Inputs required for calculating the depreciation costs for each asset are: useful life, gross replacement cost and salvage value. Gross replacement cost is the gross book value of an asset re-calculated using current prices of an asset. Salvage value is the estimated value of an asset at the end of its useful life. In accounting, the salvage value of an asset is its remaining value after depreciation. This is also known as residual value or scrap value. It is the net cash inflow that occurs when the asset is liquidated at the end of its useful life. It is commonly accepted to assume that for telecommunications assets salvage value is equal to zero (i.e. there is no potential to sell used telecommunications assets partially due to obsolete technology and partially due to a lack of the secondary market for telecom equipment). Useful life is the period during which the asset will be used to generate revenues. Information about useful life of an asset can be obtained from the SMP operator or it can be based on the accounting rules. In general, the depreciation period of a telecommunication asset should not vary significantly between countries and therefore benchmarking data from other countries can be used as an alternative source of information.
Although straight line depreciation is commonly used for the accounting purposes it is considered to be a very poor proxy for economic depreciation. Straight line depreciation tends to overstate the costs in early stages of the asset’s life and understate the costs at the end of asset’s useful life. 
In order to find a better approximation of the economic depreciation other formulas are applied. One of the commonly accepted depreciation formulas is the annuity method. The principle underlying the annuity method is that it takes into account not only the cost of an asset but also the interest which the capital locked up in that asset which it would have earned had it been invested outside the business. The advantages of the annuity method is that it recognises the interest, or cost of capital factor and that it provides better approximation of the economic depreciation when compared to straight line method. Although used at times for the amortisation of leases, it is rarely used for the depreciation of fixed assets.
 The graph below presents the differences in the level of capital charges using two approaches – straight line and flat annuity.
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Exhibit 9. Comparison of straight-line and annuity depreciation approaches
Compared to the straight line depreciation, flat annuity formula makes cost of capital charges (i.e. depreciation and cost of capital employed) more stable over the years.

Another method commonly considered to be the best proxy of economic depreciation. A tilted annuity takes into account future trends in the price of capital equipment. For negative equipment price trends, a 'standard' annuity will underestimate the annualisation factor and for positive price trends it may overestimate it. It should be noted that unlike the standard annuity, the value of a tilted annuity differs in each year of the asset life when price trends are non-zero. Annuity formula combines both depreciation and costs of capital calculations in one formula:
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Where:

i

Denotes asset or group of assets
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Depreciation charge;


[image: image18.wmf]i

GRC


Gross replacement cost of the asset (re-valued historical gross book value of the asset);
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Weighted Average Cost of Capital;
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Price trend (annual percentage change of price);
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Useful life of the asset.

When asset prices are constant, the tilted annuities are constant and annual charge is independent of the age of the asset. This explains the preference for this type of depreciation for BU-LRAIC cost models. When the asset prices are falling, it is economically rational to take a greater share of depreciation in the earlier years, since otherwise a competitor would be able to enter the market and benefit from lower asset prices through lower capital costs.

For the purpose of the LRAIC cost model we will include an option to use both: tilted annuity method and straight line method. Tilted annuity method will be used for the calculation of costs of services in the model and straight line method will be used for the purpose of reconciliation with financial statements of the incumbent operator.


3.3.6. Applying the cost of capital (WACC)
Since LRAIC cost should reflect the price that would be charged on a perfectly competitive market. The costs should also include the cost of a capital element which shall provide a fair return on the investment for the creditors and investors. When the cost of capital is correctly defined, it allows for a sufficient return to account for the risks associated to the telecoms market. It is commonly accepted that the providers of capital (investors or creditors) should be rewarded for the risk associated with the investment. The higher the risk, the higher return is expected on the investment. 
In the document “ERG COMMON POSITION: Guidelines for implementing the Commission Recommendation C (2005) 3480 on Accounting Separation & Cost Accounting Systems under the regulatory framework for electronic communications”, the ERG states that the “cost of capital conventionally reflects the following:

· The (weighted) average cost of debt for different forms of debt held by each operator;
· The cost of equity as measured by the returns that shareholders require in order to invest in the network, given the associated risks;

· The value of debt and equity.
In other words, the cost of capital is the weighted average of two components: the cost of equity and the cost of debt, where the weightings are determined by the relative proportions of debt and equity held by the firm. 

Defined on a pre-tax basis, a firm’s cost of capital is calculated according to the following formula:



[image: image22.wmf]t

g

CoE

g

CoD

WACC

-

-

´

+

´

=

1

)

1

(


Where:
g
Gearing is the gearing ratio;
t 
Tax rate which is the marginal rate of corporate tax;
CoD 
Cost of debt;
CoE 
Cost of equity.
The gearing is a measure of the ratio of debt to company value (the latter being equivalent to the sum of debt D and equity E). The gearing ratio is company-specific and is calculated using the value of the company’s debt and equity. This method can be based on book values and therefore it is a transparent method, easy to check and audit, since the book values are provided. However, based on book values, the gearing ratio does not reflect the true economic value of the company and is subject to accounting policies. As a consequence, the gearing ratio is often based on the observed market value of the company's debt and equity. The observed market value of the company’s equity can be assessed by multiplying the number of shares of the company by their current price. The observed market value of the company’s debt can be more difficult to assess. The risk of estimating the gearing ratio on the basis of the observed market value of the company's debt and equity is that the latter can be volatile. 
The weighting (gearing) ratio used in the WACC formula is either the company's own gearing or the optimal gearing based on the data from peer companies from more developed markets. Some NRA in Europe and elsewhere calculate an “efficient” gearing using gearing data from a group of peers such as other telecommunication companies, which may be available from other countries, or from other national public utilities. 
For the purpose of cost calculations we propose to base the gearing ratio on publicly available data from SMP operators from other countries. Gearing ratio would be calculated based on the book values of equity and debt.
The cost of debt can be calculated using accounting data or the current loan book in order to derive the interest payments made by the company. According to the ERG, the cost of debt can alternatively be calculated “from the sum of risk-free activities and a default spread, based on long term credit rating”. 
Derivation of the costs of equity is more complicated. Economic literature provides several methodologies for the assessment of the cost of equity such as: the Capital Asset Pricing Model (CAPM), the Dividend Growth Model (DGM), the Arbitrage Pricing Theory (APT) and the Fama and French Three Factor Model. Of all mentioned methods, CAPM is the model most commonly used by regulators to estimate the cost of equity because it has a clear theoretical foundation. 
According to the CAPM, the cost of equity is calculated as follows:
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Where:
RFR 

Risk-free rate;
β (Beta) 
Risk of the regulated asset relative to market risk;
PM 

Market premium.

It is a normal practice to use the long-term government bond yield (typically 10 years) as the basis for the risk free rate. This however may be difficult in the Albanian case due to a high volatility of interest rates in previous years. As a consequence, it would be justified to determine the risk-free rate on the basis of international benchmarks adjusted for the specific country risks.

Beta estimates can be obtained through a regression analysis of historical evidence of the relationship between the company returns and the market returns. The Beta for example can be published by such organisations like Bloomberg or Reuters. However, since Albtelecom is not a listed company, historical data on its return is not available and therefore we propose to calculate Beta based on the data from the peer group (SMP operators in other countries).

3.3.7. Working capital

In addition to fixed assets, also costs of capital related to working capital should be included in the costing model. Working capital is a financial metric which represents operating liquidity available to a business. It is calculated as current assets minus current liabilities. Current assets include mainly stock, receivables, short term securities and cash. Current liabilities include payables to suppliers, employees etc. For the purpose of cost modelling only working capital, which is related to the operator's network (wholesale), may be included in the final rate. One way to include the costs of working capital in the BU models is to apply specific mark-up on the calculated rates for wholesale services based on the average number of creditor and debtor days (stock can be omitted as its value is negligible).

Average duration of the bill-to pay process in case of wholesale services may vary, depending on the agreements with interconnecting operators. Usually payment for service occurs 30 days after the date of invoice issuance. Invoice is issued at the end of billing cycle in monthly intervals. Under these assumptions average receivable turnover ratio in days equals 45 days (average of 60 days for services provided at the beginning of the billing cycle and 30 days for services provided at the end of billing cycle). 
In order to include costs of capital employed in receivables following formula will be applied:
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where
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average number of debtor days (45)
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calculated rate for service 
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weighted average costs of capital

In order to account for payables (source of financing) following formula will be applied
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where
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average number of creditor days. This ratio will vary depending on the element of payables (e.g. payables to suppliers, employers etc.)
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 rate for service capital adjusted to include only elements driving short term payables (e.g. payroll, third party contracts etc.)

In result total mark-up for working capital will be calculated with the formula:
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3.3.8. Adjustment for the construction in progress

Another adjustment to the cost base that should be made is adding the costs of capital employed in assets under construction. The implicit assumption with the tilted annuity formula presented in section 3.3.5 is that the investment is paid for at the start of the first year and is fully productive for the whole year. In general terms this is unrealistic since it ignores any time required to build the network during which capital is tied up and in which no revenues are earned. To correct for this omission the value of the investment at the start of the period needs to be adjusted to reflect its price when the outlay of expenditure was actually incurred and the cost of capital tied up during the unproductive period, or adjusted to include credit terms that could be agreed with contractors/vendors to only pay when the network becomes operational.   

Adjusted GRC of asset would now be calculated with the formula:
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Where:
t - the elapsed time between paying for the investment and bringing it into service
p -  price tilt

WACC - the cost of capital


3.3.9. Efficiency adjustments

In order to set the correct investment and operational incentives for regulated operators, it is necessary to allow only efficiently incurred expenditures in cost-based regulated prices.   The standard of efficiency should approximate to the real world efficiency level expected in an effectively competitive market.

Examples of efficiency adjustments include, but are not limited to:

· Systematically choosing the lowest cost for each type of assets, providing the quality of asset, its operational capabilities and associated lifetime running costs are the same;

· Determining an appropriate headroom factor required to meet the future demand, avoiding too high spare capacities (in both switching and transmission network);
· Identifying the optimal route to connect two nodes (e.g. shortest route to connect two local switches).

3.3.10. Mark-up
Economic theory states that prices set should be equal to the marginal cost in order to promote economic efficiency. However, because of the existence of fixed and common costs in telecommunications, setting prices this way would not allow an operator to recover its full costs. Although recent recommendation of the European Commision, Recommendation on the Regulatory Treatment of Fixed and Mobile Termination Rates in the EU (07.05.2009) advocates and recommend to include only pure incremental costs, these recommendations are not in line with the regulatory practice around the globe and have not been tested yet. It is commonly accepted that all services should bear, in addition to their incremental cost, a reasonable proportion of the common costs.

Costing models should allow the recovery of costs based on efficiently incurred common costs. These costs should be shown separately and can be recovered on the basis of adopting a mark up-in addition to the LRAIC costs. 
Whilst there are numerous methodologies that can be applied in the attribution of common costs, the established best practice for regulatory reporting across the EU is to use the Equi-proportional Mark-up (“EPMU”) basis where costs are attributed on the basis of the level of incremental costs. The following formula, known as Equi-Proportionate Mark-Up (EPMU) is usually applied to calculate mark-up for the common costs.
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The calculation of prices for wholesale services without the application of any such mark-up would result in prices being systematically lower than those that would prevail in a competitive market. Also discrimination against the SMP operator where the operator is forced to recover those costs in the pricing of competitive retail services as alternative operators utilising the wholesale service would be given a systematic cost advantage.
Based on the above, we believe that for cost modelling purposes, all common costs should be attributed across the group of services or network elements that contribute to the costs being incurred. This ensures there is no artificial costing differential introduced between the wholesale services sold to third parties and the consumption of equivalent network resources in support of operator’s downstream businesses.
 
3.3.11. NGN/NGA evolution

Next Generation Network (NGN) is a packet-based network able to provide services including Telecommunication Services and able to make use of multiple broadband, Quality of Service-enabled transport technologies and in which service-related functions are independent from underlying transport-related technologies. It offers unrestricted access by users to different service providers. It supports generalized mobility which will allow consistent and ubiquitous provision of services to users.
In the core, business driver is primarily to save cost through simpler network structure. Additionally, time to market for new services reduces, and new services delivered over same infrastructure helps grow the market. 

At the access level, available bandwidth is differentiator for the Next Generation. As such, Next Generation Access means delivering the bandwidth for which there is economic demand. 
Since Albania is at a very early stage of NGN/NGA implementation we suggest to assume, for the purpose of BU-LRAIC model development, that both core and access network elements are not Next Generation Networks. End to end NGN/NGA rollout so far has been finished only in a few of the OECD countries and still majority of the telecommunications services is provided using traditional technology. 

4. Modelling process
4.1. Model structure
A Bottom-Up modelling approach can be described as modelling a theoretically efficient network for a determined demand profile based on an engineering design. It starts with the demand for the service/product included in the increment and builds an efficient network that can address this demand. It then assesses the use of each network element and calculates the costs to the different services of the increment.
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Exhibit 10. BU-LRAIC modelling process

4.2. Demand analysis and forecasting
The first step in the Bottom-Up modelling process is the forecasting of the future demand for services. No network is built for today’s demand. Networks are constructed to meet current and future demands. In order to reflect this requirement, it is necessary to consider the planning horizon in which networks are planned. In principle, this is determined on the basis of economic considerations by examining the trade off between the costs of spare capacity in the short term and the costs of repeatedly augmenting capacity on a just-in-time basis. In practice, network operators develop planning rules to reflect the economics of provisioning. 

Another important rule that has an impact on the size of the network (in particular on the voice network) is that networks are dimensioned to handle traffic in the peak periods (Busy Hour Erlangs – BHE) and not the average traffic loads. An Erlang model is a statistical tool that translates presented traffic into the required number of channels assuming given blocking grade of service. The average traffic load must therefore be converted into peak loads by the application of traffic distribution factors drawn from the operator’s network management statistics.

The BHE will be calculated based on total billed minutes provided by the operators adjusted with such factors like:
•
Conversation vs. network holding time;

•
Successful (v unsuccessful) call ratio;
•
Call durations.
Such information can be gathered from the operator’s existing network information or from assumptions based on engineering criteria and representative traffic profiles.
The BHE will be calculated according to the formula:
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And:
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Where:
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Set-up time of successful calls;
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Time duration of unsuccessful calls including set-up time;
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Allowance for traffic growth;
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Completion rate (share of successful calls);
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 de-averaging factor of Busy Hour, separate de-averaging factors will be applied to subscriber unit stage and switching unit stage;
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Billed traffic on weekdays, based on billing sample;
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Billed traffic on holidays, based on billing sample;
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Billed traffic in BH, based on billing sample;
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Billed traffic in the day, based on billing sample;
Demand data will be collected from the SMP operator. This should include information about how demand for services will change over the future. This will enable the transformation of demand into dimensioning of the network to allow for growth. If volumes are expected to fall, this demand change may also be factored in to the LRAIC calculation.


4.3. Network dimensioning 

The next step is to develop a network design that has sufficient resources to perform the desired activities required by the estimated future demand. The dimensioning of the network will be based on standard engineering design rules. Engineering rules, especially network planning rules will be obtained from the operators (e.g. how many spare pairs are assumed in the distribution network). Some engineering rules, especially related to configuration of particular elements of equipment can be obtained from equipment providers and can vary between asset categories. Access network elements (access cables, ducts, MDFs) and remote subscriber units are in general dimensioned with the number of customers connected to them while other assets are dimensioned with the traffic they are supposed to handle. The traffic is derived for each service from the demand of the service and is expressed in Mbps or in number of minutes. A “Peak Hour” ratio is then applied to each type of traffic to determine the traffic of the service at a peak hour. 

4.3.1. Dimensioning of the access network
For the dimensioning of the access network we assume that access network is purely based on copper. Dimensioning of the access network will be performed in following steps:
· Step 1. Based on the information about the location of MDF's and the number of subscribers connected to each MDF we will gather statistics from the Albanian Statistical Office which will include: population density and major types of buildings (we recognise three major types of buildings: blocks of flats (more than 4 storey buildings and not less than 4 flats on the floor, usually not connected to any other building), tenement house (average 10-12 flats in the building, not higher than 4 floors), and detached houses.. 
· Step 2 – For each location, street cabinets (cabinets between main and distribution cables), and distribution points (poles/cans between distribution and drop cables) will be allocated. Number of street cabinets and distribution points per each location will have a significant impact on the final costs of access network. We will optimise the number of these elements in order to minimise the total costs of the access network. In specific, different ratios of street cabinets per MDF and poles, cans per street cabinet will be tested in order to find the combination of these elements that will minimise the costs of the access network.
· Step 3. The required capacity of cables in three network segments (main, distribution and drop), street cabinets and distribution points (DP) will be calculated. Capacity of those elements will be derived based on the number of subscribers connected to MDF, assumed aggregation ratios (number of cabinets per MDF, number of DPs per cabinet) as well as technical and commercial reserves (overcapacity).
· Step 4. Derivation of the average distance between two subscribers, two DPs or two cabinets will be calculated. These distances may vary depending on the population and type of buildings e.g. distance between two subscribers living in detached houses in a suburban area will be approximately equal to the width of the property. Consequently, average distance between two DPs in the same MDF would be equal to the width of property multiplied by the number of properties connected to one DP and divided by two (assuming that houses from both sides of the road are connected to one DP). Based on the sampling data from Albanian cities we will estimate basic statistics required to estimate the average distances e.g. average width of properties, average width of roads, average size of one flat etc.
· Step 5 – Dimensioning of the length and capacity of cables and ducts 

Length of drop wires will be derived by multiplying the average length of the drop wire by the number of subscribers. Average length of a drop wire will be calculated using the following formula:
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where:

ns 
One fourth of the number of subscribers in the location;
ds 
Average distance between subscribers.
For half of the subscribers the average distance will be adjusted to account for the width of the road (since DP is located at one side of the road). 

Capacity of a drop wire is always equal to two copper pairs.
Length of distribution cables will be derived by multiplying the average length of one cable in a distribution network by the number of cables. Number of cables in the distribution network is equal to the number of DPs. Average length of a cable in the distribution network will be calculated using the following formula:
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where:

nd 
Number of DPs per one duct route;
dd 
Average distance between the DPs. 
The average distance between the DPs in the formula will be calculated as a function of the number of customers connected to one DP and average distance between the subscribers and will vary between the different types of buildings. In addition, straight line distances will be further adjusted to account for irregularities and curves. The adjusting factor will be calculated based on a sampling data. 
Capacity of cables in the distribution network will be derived by dividing the total required capacity in the location (number of subscribers adjusted for technical and commercial reserve) by the number of connections in the distribution network (street cabinet to DP connection).
Length of distribution ducts will be derived as the number of DPs multiplied by an average distance between the DPs 

Capacity of ducts (number of bores in one duct) in the distribution network will be derived based on a number of bores required to fit the cables in the distribution network derived in the previous step.
Length of main cables will be derived by multiplying the average length of cable in the main network by the number of cables in the main network.
Number of cables in the main network is equal to the number of street cabinets. Average length of the cable in the main network will be calculated using the following formula:
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where:

nm 
Number of street cabinets per one duct in the main network;
dm 
Average distance between the street cabinets.
Average distance between the street cabinets will be calculated as a function of the number of DPs connected to one cabinet and average distance between the DPs and will vary between different types of buildings. In addition, straight line distances will be further adjusted to account for irregularities and curves. The adjusting factor will be calculated based on a sampling data. 
Capacity of cables in the main network will be derived by dividing the total required capacity (number of subscribers adjusted for the technical and commercial reserve) by the number of connections in the main network (MDF to street cabinet connection).
Length of ducts in the main network will be derived by multiplying the number of street cabinets by the average distance between them.
Capacity of ducts (number of bores in one duct) in the main network will be derived based on number of bores required to fit the cables in the main network derived in the previous step.

4.3.2. Dimensioning of the switching network

Dimensioning of the switching network is aimed to determine the number and the overall capacity of hosts and remote units, whereas the overall capacity of hosts is expressed by number of ports on these hosts. 

It has to be noticed that generally, switching network consists of 3 layers: layer of subscriber units, layer of local switches and layer of transit switches. Therefore dimensioning of the switching network is performed in three sequential steps:

1. Determine the overall capacity of subscriber units

The first step is to determine the overall capacity of subscriber units. The overall capacity of a subscriber unit is determined by the number of subscriber modules, whereas the subscriber modules are functional units providing access to subscribers (via subscriber cards) on one hand and access to switching hosts (via 2Mbps ports) on the other. One subscriber unit can consist of one or more subscriber modules. The number of subscriber modules is specific for every switching supplier and depends on number of subscriber lines and nominal Busy Hour Traffic (BHT) per subscriber. In this step, the specific engineering models will be developed in order to determine the number of subscriber modules for each location. The input to the engineering models is the number of subscriber lines and the nominal BHT per subscriber.

2. Determine overall capacity of local switches

The second step is to determine the number of ports in switches. In general there are two types of ports in switches: 2Mbps ports directed to subscriber units and 2Mbps ports directed to other switches. Both types of 2Mbps ports are functionally the same (or almost the same), but the difference lies in the approach to calculate their volumes. 

The number of 2Mbps ports directed to subscriber units equals to the number of 2Mbps ports at subscriber units. Since every subscriber module has the same number of 2Mbps ports, the number of 2Mbps ports at subscriber units can be easy obtained based on the number of subscriber modules. 

The number of ports directed to other switches is determined by the total traffic in busy hours (BHE) that is directed to those switches. BHE on ports of a local switch is equal to total traffic on subscriber ports weighted by route length (referred as routing factors). Routing factor is an average number of local switches involved in the connection. The number of ports is calculated based on the First Erlang Model (FEM). FEM is statistical tool that translates the demand for traffic to the required number of channels assuming given congestion probability. One 2Mbps circuit consists of 31 traffic channels and one synchronization channel. For example 1% congestion probability can be calculated that the maximum traffic per 2Mbps circuit equals 21 Erlangs.

The required number of local switches is calculated as the number of total ports divided by the maximum number of ports per switch.

3. Determine the overall capacity of transit switches

As discussed above, the key to calculate the number of 2Mbps ports directed to other switches is the traffic flow between switches in the busy hour. Ports on transit switches are solely ports directed to other switches (i.e. to local switch, transit switch and other networks). We assume that all transit switches are:

· Directly connected to at least one local switch;
· Directly connected to each other;
· Directly connected to each mobile network;
· Directly connected to international switch.
Similar to local switches, the number of ports directed to other switches is determined by the BHE that is directed to those switches. BHE on ports of a transit switch is equal to the total traffic on network boundaries, i.e. on subscriber ports or on points of interconnection (POI) with other networks, weighted by route length (referred as routing factor). Routing factor is an average number of transit switches involved in the connection.

The required number of transit switches is calculated as the number of total ports divided by maximum number of ports per switch.
In general, remote units and local switches will be connected in rings in order to provide resilience. Rings structures are used to connect remote units to other remote units, remote units to local switches, local switches to other local switches and to connect local switches to transit switches and transit switches to other transit switches.

The ring provides resilience – if the capacity factors are set correctly, there is at least double the total capacity of the ring on each link (or “hop” between nodes), and the total traffic may be routed round the ring in the opposite direction.
Additional meshing between nodes is allowed – this enables additional inter-site capacity to supplement the rings, giving further resilience to cable breaks. This might typically be introduced in the core inter-transit links.

4.3.3. Dimensioning of the transmission network

Dimensioning of the transmission network is aimed to determine the number of multiplexers and their configurations. The configuration of a multiplexer consists of: transfer mode (STM-1, STM-4 or STM-16), number of optical interfaces and number of tributary cards. 

It has to be mentioned that the transmission network generally consists of 3 layers:

· Lower layer connecting remote subscriber units to switch;

· Regional layer connecting local switches to transit;

· Interregional layer connecting transit switches to each other.

Therefore dimensioning of the transmission network is performed in three sequential steps:

1. Dimensioning the lower layer

The first step in the dimensioning the lower layer is to determine the number of 2Mbps circuits terminating at each remote unit. This number is a sum of voice, data and leased lines 2Mbps circuits.
The second step in the dimensioning the lower layer is to assign the required transfer mode to every remote unit. This is done based on the total number of 2Mbps circuits terminating at the remote unit. 

The third step in the dimensioning the lower layer is to determine the number of multiplexers located at hosts to collect the 2Mbps circuits from remote units. Assuming that all 2Mbps circuits in the lower layer terminate in remote unit at one side and in host on the other side, the number of 2Mbps ports at hosts equals to the number of 2Mbps ports at remote units. The number of multiplexers will be calculated separately for STM-1, STM-4 and STM-16 by dividing the sum of corresponding 2Mbps ports at remote units by the maximum capacity of one multiplexer. 

The fourth step in the dimensioning the lower layer is to determine the number of tributary cards which is the number of 2Mbps circuits divided by capacity of a tributary card (i.e. 32 2Mbps circuits).
2. Dimensioning the regional layer

The first step in the dimensioning the regional layer is to determine the number of 2Mbps circuits in this layer. The total number of 2Mbps circuits equals to the sum of 2Mbps voice circuits, and 2Mbps narrow-band and broad-band leased line circuits. It is assumed the data network does not share SDH as a transmission platform (except of ADSL ports in the lower layer) therefore there are no data circuits in the regional layer. 

Based on the calculated number of 2Mbps circuits required number of transmission multiplexers and transfer nodes will be estimated. 

3. Dimensioning the interregional layer

In order to dimension the interregional layer we firstly need to determine the number of 2Mbps circuits in this layer. The total number of 2Mbps circuits is equal to the sum of 2Mbps voice circuits, and 2Mbps narrow-band and broad-band leased line circuits. It is assumed the data network does not share SDH as transmission platform (except of ADSL ports in lower layer) therefore there are no data circuits in the interregional layer. 

4.3.4. Dimensioning of the cables network

Dimensioning of cables is aimed to determine the length of cables in different types of terrain (e.g. urban and rural) and is generally performed in two corresponding phases:

1. Determining the length of cables

In the first step all switching nodes will be aggregated by their locations (administrative city or village).
In the second step geographical coordinates will be assigned to every location. Based on the geographical coordinates, distances between all locations within the same group will be calculated. The distances between locations will be calculated according to the formula:
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[image: image55.wmf]A

x

 – X -coordinate of location A;


[image: image56.wmf]A

y

 – Y -coordinate of location A;


[image: image57.wmf]B

x

 – X -coordinate of location B;


[image: image58.wmf]B

y

 – Y -coordinate of location B.
2. Curving of distances 

So far all calculations of cable length assume straight line connections between switching nodes. This rarely corresponds to the reality since in majority of cases it is not possible to connect two nodes in the shortest possible way. In order to adjust it curving adjustments should be calculated – one for rural cables and one for urban cables.
The curving adjustment for urban cables will be assumed to be square root of 2. This adjustment will be applied to multiply the calculated length of urban cables. 

The curving adjustment for rural cables will be calculated as a ratio of road distances between a sample of cities to the straight line distances between the cities. This adjustment will be applied to multiply the calculated length of rural cables.

4.3.5. Dimensioning and valuation of the power plant

The power plant consists of batteries, rectifiers and air-conditioning. The costs of all these components depend on power consumption of telecommunication equipment. In the Bottom-Up model only the costs of power plant related to PSTN switches and transmission multiplexers are considered. 

Generally there are two alternative approaches to calculate the cost of the power plant. The first approach follows the same logic as presented in calculation of telecommunication infrastructure like switches, transmission and cables. It focuses on dimensioning the capacity of the power plant and on the valuation of fixed assets. The second approach follows the same logic as presented in calculation of other related costs like costs of the supporting fixed assets (see section 4.4), maintenance and operational costs and costs of supporting activities. It is based on applying the appropriate benchmarks to investments for telecommunication infrastructure as a switching and transmission network.
Since the power plant does not represent significant portion of total costs, the final result are not significantly affected by the selected approach. Since we can treat both approaches as alternative ones we will select one of them during the course of the project. The selection of the approach will depend on the availability of data – the possibility of power consumption calculation in the first approach and the availability of reliable benchmarks in the second approach. 

4.4. Valuation of assets and other costs
Based on the network dimensioning, volumes of each price component will be derived. The following step i.e. the valuation of the network assets will be performed by multiplying these volumes by unit price for each component. Unit prices of network components will be gathered from the SMP operator and alternative operators and will be based on the price lists and turnkey agreements with the main vendors of equipment. Unit prices will have to include appropriate level of discount, i.e. the one that the operator of the size of the SMP operator would get. 
In addition to the costs of network assets, other costs will also be calculated:

· Cost of operation and maintenance of telecommunication network, including salaries and related costs, material-type costs;
· Cost of other fixed assets like buildings, office equipment, IT systems, vehicles, personal computers etc.;
· Cost of supporting activities like finance and administration, including salaries and related costs, material-type costs.
All these costs will be calculated by applying appropriate benchmarks to investments for telecommunication assets calculated in the dimensioning and valuation process. Benchmarks will be verified using the data provided by the SMP operator.

4.5. Annualisation 
As it was explained in the sections related to the cost of capital and depreciation, Gross Replacement Cost (GRC) of network and non-network assets have to be annualised. Annualisation of the value of assets will be performed in two alternative ways, depending on the depreciation formula used:
1. If the straight line formula for calculation depreciation is used, the depreciation of assets and cost of capital will be calculated separately. Depreciation charge will be calculated by dividing the GRC of an asset by its expected useful life. Cost of capital will be calculated by multiplying WACC rate and Net Replacement Cost of an asset.
2. If the annuity formula is used, the depreciation and cost of capital will be calculated jointly. Formula for annuity depreciation was presented in the section 3.3.5.

4.6. Cost allocation to services 

Cost allocation will be based on the routing factor tables. Routing factors specify the average utilisation of each type of network element (for each type of service). Each service therefore has a routing (or “usage”) profile indicating how the service uses the network elements (distinguishing between the different types of exchanges and the different parts of the transport network). In Bottom-Up models, routing factors are used both to dimension the network and to cost the services.
Having calculated the annual cost of each network element, service costs are calculated using the routing factors. These factors are applied twice: 

· First to calculate the total cost of using a network element for one minute or one call. This “per unit cost” refers to the element’s total annual cost divided by total usage by all products that use the network element.

· Second to calculate the service cost by multiplying the network element’s per unit cost and the routing factor (the number of times the network element is used by the product).

5. 
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6. Glossary of terms

	ADSL
	Asymmetric Digital Subscriber Line

	ACQ
	All Call Query

	APT
	Arbitrage Pricing Theory

	AKEP
	Autoritetin e Komunikimeve Elektronike dhe Postare

	BHE
	Busy Hour Erlang’s

	BU-LRAIC
	Bottom-UP Long Run Average Incremental Costing

	CAPM
	Capital Asset Pricing Model

	CCA
	Current Cost Accounting

	DAIC
	Directly Avoidable Incremental Cost

	DGM
	Capital Asset Pricing Model

	DP
	Distribution Point

	EC
	European Commission

	ERG
	European Regulators Group

	EU
	European Union

	FEM
	First Erlang Model

	GRC
	Gross Replacement Cost

	HCA
	Historic Cost Accounting

	HY-LRAIC
	Hybrid Long Run Average Incremental Costing

	LLU
	Local Loop Unbundling

	MDF
	Main Distribution Frame

	MEA
	Modern Equivalent Assets

	NPV
	Net Present Value

	NRA
	National Regulatory Authority

	OR
	Onward Routing

	QoR
	Query on Release

	PCP
	Primary Connection Point

	POI
	Point of Interconnection

	PSTN
	Public Switched Telephone Network

	RoP
	Return to Pivot

	RIO
	Reference Interconnection Offer

	RUO
	Reference Unbundling Offer

	SDH
	Synchronous Digital Hierarchy

	SMP
	Significant Market Power

	STM
	Synchronous Transport Module

	UK
	United Kingdom of Great Britain and Northern Ireland

	WACC
	Weighted Average Cost of Capital
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