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1 Introduction

With the adoption of WTO General Agreement on Trade in Services by all WTO Members and Protocol 4 (the agreement on basic telecommunication services) by many of them, those governments which made commitments to liberalize their market have seen an acceleration in the reform of accounting rates. In more liberal countries, the accounting rate regime has been superseded by a regime of facilities-based interconnection, on many routes. In a majority of the ITU’s 189 Member States, competition is not permitted in the provision of international telecommunication services. But in those Member States where competition is permitted, which account for more than three-quarters of total traffic, telecommunication services are more and more considered as a tradable commodity. 

 Study Group 3 continued its work on reform of the accounting rate system and studied new remuneration systems which better reflect the new telecommunication environment. In December 1998, Study Group 3 made important headway by approving a revision to ITU-T Recommendation D.150. It agreed on three new procedures for remunerating the party that terminates international traffic. One of these, the termination charge procedure, allows governments or operators (in ITU parlance, administrations or recognized operating agencies) to establish a single charge for terminating traffic in their country, provided the charge meets certain multilaterally agreed criteria. The second, the settlement rate procedure, allows them to negotiate cost-orientated and asymmetric settlement rates, better suited to the new market situation. The third procedure, between countries that have introduced liberalization, allows any other bilaterally negotiated commercial arrangement, which is more suited to the nature of correspondents’ relations. Recognized operating agencies will agree bilaterally on the remuneration procedure that is most appropriate to their needs. 

The adoption of three new remuneration procedures can be regarded as a real breakthrough in the reform of the accounting rate system and were intended to facilitate the process of market reform for the benefit of the whole telecommunication community, and particularly for users. It was also expected that the introduction of these new remuneration procedures would resolve the long-standing issue of apportionment of revenues, the rates agreed in using those procedures being, in principle, asymmetric. However, the first two procedures are not expected to be implemented immediately by all ROAs, as one of the pre-conditions for their application is the achievement of cost-orientated rates. 

Such a handbook intends to help the work on this reform and to give countries a useful tool to orient accounting rates towards costs. Taking into account the availability of the different existing models, a balance was searched in order to present both Fully Distributed Costs Models and Long Run Incremental Costs Models. 

1.1 Study Group 3 work on reforming the accounting rates

In order to adapt the remuneration system to the new, more competitive telecommunication environment, and to respond to the growing expectations of the international community, Study Group 3 started an overall review of the remuneration system as from 1991. The topic has generated considerable interest and, over the past few years, delegates representing more than 80 countries exchanged opinions and participated actively in the meetings. The following represent common objectives for the work: 

· to develop general principles and guidelines for the establishment of accounting rates; 

· to determine cost components to be included in the telephone accounting rates; 

· to expedite work on developing appropriate costing methodologies; 

· to establish a transition period to avoid drastic changes, particularly for the developing countries. 

1.2 Study Group 3 work on costs

SG3 used several ways to deal with costs. It is the only ITU SG to include Regional Groups, and these groups undertook an extensive work on costing methodologies. SG3 itself also created a specific Rapporteur Group dedicated to costing methodology which was chaired by Dr Neu, WIK. In order, for countries intending to implement or renew their own costing methods, to simplify and concentrate all the work accomplished, SG3 during its June 2001 meeting decided to issue a handbook composed of all the work already done.

1.2.1 Presentation of the Regional Groups

The regional Tariff Groups made a number of useful cost studies related to the provision of international telephone services. These groups are a specificity of SG3 and are targeted to provide a regional understanding of topics dealt with within SG3.

Their ability to develop their own costing methodologies, thus better fitting the needs of the regional actors. Indeed, strong synergies were found and allowed to progress on the path of defining a costing methodology usable by SG3.

1.2.2 Presentation of the Rapporteur Group on costing methodology

The initial terms of reference for Rapporteur's Group on cost methodologies were as follows :

•
Review the structure of various costing methodologies, including regional methodologies, and the purpose for which they have been developed.

•
Evaluate the applicability of these costing methodologies to relevant circumstances.

•
Organise a tutorial for next meeting of Study Group 3.

•
Develop proposals for future work, including the development of ITU costing methodology/ies and the time-frame within which this has to be accomplished.

1.3 ITU-D work (Q 12/1)

Created during the World Telecommunications Development Conference held in Valetta, 1998, the ITU-D Rapporteurs Group on costing methodologies tried to establish a costing methodology focused on national network, with the intention to specifically address concerns of developing countries.

The report, adopted during the 2001 meeting of ITU-D SG1 in Caracas describes a procedure whereby operators and regulators in developing countries, including those which do not necessarily have detailed data regarding their costs, can calculate tariffs that are orientated towards or based on the costs of telephone services, as determined from assessing the resources consumed by their activities.

2 Basic Principles and Methodology

In order to build a common understanding on costing issues, the following paragraphs try to figure out the main issues and favour the building of a common ground among countries interested in developing a costing methodology.

Indeed, before beginning to build such a database, several issues have to be clarified, among which cost allocation options, the understanding of cost concepts, the differences between FDC and IC, the principle of cost causality and the methodology for cost modelling.

2.1 Cost allocation options: Toward a theoretical basis for calculating national extension costs of terminating international traffic.

If, in some theoretical future, market forces or enlightened regulation drive telephone tariffs worldwide to the true level of costs, then some tariff-based proxy for costs might be a reasonable basis for setting international call termination charges.  In the meantime, if there is to be an economically rational basis for such charges, some form of cost-oriented calculation methodology will need to be established.

2.1.1 Conflicting cost standards for different market structures

The initial question in developing such a methodology is, what should be the theoretical basis for defining “appropriate” costs of terminating international traffic?  The theories of regulated markets and emerging competition that can be readily applied within national boundaries are considerably more problematic in a multi-lateral international environment.  A national regulator, for example, can decide how much cross-subsidy to incorporate in tariff rates, and how fast to open markets to competition, and these decisions will partly influence which cost methodology will be most appropriate for interconnection charges.

In a world where many nations are actively moving into a competitive structure, while others are likely to remain monopolized for the foreseeable future, it is difficult to prescribe a single standard that will be both fair and efficient.

In a traditional regulated monopoly market, especially a developing market, incremental cost is not necessarily the preferred standard for pricing all services.  Support for fixed investment costs of infrastructure expansion and technological upgrades, which may not be immediately recoverable through service-specific prices
, typically comes from other services exhibiting the highest value to the customer: so-called Ramsey pricing.  Where regulation supports this type of policy, some form of “Fully Distributed Cost” (FDC) allocation is often employed, implicitly or explicitly.  The monopoly environment permits this approach, as no competitors can underprice the incumbent, even where marginal costs are below the regulated price.

2.1.2 Another view of the FDC approach

It is a fallacy to assume that the FDC monopoly approach is inherently less economically efficient than a regulated market that requires incremental cost pricing.  In macroeconomic terms, the cross-subsidization of network development and basic service subscriptions is justified on efficiency grounds if the network externalities resulting from universal service exceed the “dead weight losses” of suppressed usage demand or supply resulting from to cost-price distortions.  In a fully developed network, such subsidies can likely be minimal, as the externality effects are already fully realized.  But where penetration rates are below 50%, or even 25%, there is room for huge economic gains from expansion, and thus FDC and other subsidy-oriented cost methods may be perfectly legitimate elements of national telecommunications policy.

2.1.3 The issue of traffic between developing and developed countries

The problem of international communication is unique in this respect, particularly for traffic between fully developed and developing economies and networks.  This is because, where competition and incremental cost-based pricing prevail, market forces will tend to draw demand toward the lower prices, and away from higher priced, monopoly subsidizing tariffs.  This is especially possible with modern technology (hence, the call-back phenomenon).

Thus, the legitimacy of alternative costing methods for different environments comes into direct conflict, not merely because foreign carriers, and callers, are compelled through settlements to contribute to other countries’ network development, but because competitive markets will inevitably be “penalized” for their lower prices, with an increasing proportion of traffic, and thus subsidy payments, shifting in their direction.

On the other hand, a move to purely incremental cost-based prices for terminating international traffic in developing countries would potentially undermine broad economic goals, to the detriment of long-term growth and efficiency objectives, even for foreign users.

2.2 Cost concepts vs. methods for assessing cost

A theme consistently emphasized is that differences regarding costing depend to a large degree on differences of opinion as to what is to be achieved by the exercise and what concepts are best suited for the purpose. There would be those wanting information on costs that allow - successful and efficient - pricing in a competitive market, and those that want cost information for the formation of prices that assure recovery of all relevant costs. Given those differences regarding purpose, one should not expect that one could overcome the differences arising out of the differing preferences by the mere reference to some magic wand called "methodology".

Specification of methods of cost compilation, carried as far as agreement among the opposing parties would allow, can help, however, to clarify where the actual disagreements lie. Once this is done, the discussion from there on can focus on these issues without being distracted by misunderstanding regarding superficial aspects of method.

2.3 Fully Distributed Cost (FDC) vs. Incremental Cost (IC)

In a competitive environment, nobody outside the firm needs to be concerned about its cost accounting as long as the firm stays competitive. In a bilateral monopoly situation, however, the kind of cost modelling is of concern to at least each side of the negotiating table. If there is agreement on the principle of cost-oriented prices, one must also find agreement on the details of costing. It would then be normal that each side starts with the costing approach that serves best its purpose, which in case of companies from developed countries is to have prices based on costs that firms in a competitive market would use, i.e. the LRIC approach. Conversely, the preferred approach of administrations and companies from developing countries would naturally be the FDC approach with its assurance of cost coverage.

2.4 Costs actually incurred vs. costs of efficient service provision

It is generally agreed that it should be the aim of every telecommunications operator to provide its services in an efficient way and that in a long-run perspective the corresponding concept of "costs of efficient service provision" should be the suitable one in pricing decisions. This concept coincides with the costing standard of forward-looking long-run incremental costs which means that costs are derived under the requirement that the operator uses the latest technology and is efficiently organized. 

Developed countries, where operators like AT&T or Sprint have been operating in competitive markets for several years, currently point out that their production processes to a large degree are already designed under efficiency considerations. So some kind of imbalance will emerge when their negotiating partners from developing countries are basing cost calculations on less advanced network structures and production processes.

On the other hand, developing countries argue that it would take a longer period of time until networks and production processes in general could be restructured under the efficiency criterion. In this necessarily slow adaptation process the existing – and to some degree inefficient ‑ structures and processes are producing expenses which would have to be covered to ensure viability of the firms. With regard to this, the point of spare capacity and the need for coverage of its costs has to be emphasized. Operators in developing countries would often be faced with huge spare capacities, primarily because of two reasons: For one, such spare capacities were built up because penetration rates were low and large growth rates could be expected in the course of development. Furthermore, the operators in developing countries would also often have to buy switching and transmission equipment on the world market which is not designed for their specific needs, i.e. which is too largely dimensioned so that it is inevitably under-utilized.

2.5 The principle of cost causality and the activity-based costing approach

In the discussion of common cost, it is agreed that it would be best to have a costing approach designed in such a way that as large a share of total costs as possible could be attributed to the services on the basis of the causality principle. ABC is recognized as a costing approach which largely fulfils this requirement. With reference to the discussion on FDC vs. IC, it has to be stressed that ABC methods can not only be used for the identification of IC but also in the framework of a FDC approach. In any case, it should be the objective of the costing exercise to reduce the block of non-attributable common costs as far as possible and thereby minimizing the difference between cost figures for a service based on IC on the one and FDC on the other hand. A trade-off needs to be taken into account between the advantages of cost determination based on causality to as large a degree as possible and the fact that an exhaustive application of an ABC approach itself may be very costly, thus making it appear that from some point onward a simplified approach would be more suitable on account of greater practicability.

2.6 Cost modelling methodology

Methods of cost compilation should fulfil three requirements: transparency, objectivity, and practicability. Two additional candidates can be added as requirements: cost causality and need for cost recovery. The first asks for clear cause-and-effect relationships between service delivery and network elements on the one hand and underlying cost determinants on the other. The second derives from the fact that every firm needs a comprehensive recovery of all its costs, in particular also its common costs, in order to be viable in the long run. 

Issues on method appear to be less controversial than the conceptual questions. The main differences between the sides in concrete negotiations about settlement rates, turn primarily on questions regarding the extent to which cost should reflect efficient operations, and the extent to which common cost – or any large block of cost that are shown as a sort of common cost (like access deficit or marketing expenses) – could or should be included.

3 Annex 1:

Rapporteur Group on Cost methodologies

3.1 Discussions

3.1.1 February 1999 (COM 3-R 16, paragraph 7)

Studies relating to cost modelling

For its consideration of this agenda item, the Working Party received Delayed Contribution D.74 from Germany. In that contribution, Germany stresses the importance of using appropriate cost models in estimating costs. Proxy values such as the target rates proposed by the Focus Group are dangerous because they fail to show exactly the extra margins needed to finance infrastructure development. The contribution also points out that it is not so much the actual development of the cost model which is difficult. The difficulty lies rather in setting up a technical system allowing raw cost data to be collected and transformed into meaningful cost information. There must also be clear rules from top management whereby raw cost data can be transformed into useable information. After making a few general observations on establishing cost models, Germany proposed, as a first step, examining the applicability of the various cost models and setting up a Task Group for the purpose.

In the discussion that ensued, Senegal supported the creation of a Rapporteur Group. The United States considered that the work could be done within the Rapporteur Group already set up by the Development Sector. Oman, New Zealand and the United Kingdom agreed to the creation of a Rapporteur Group on condition that it did not embark immediately on detailed studies and that it be specifically mandated to explore all options for cost modelling. Since the Plenipotentiary Conference had specifically asked Study Group 3 to develop a cost model, the Working Party decided to set up such a Rapporteur Group and appointed Mr. Werner Neu of Germany as rapporteur. The terms of reference adopted by the Working Party are attached in Annex 3.”
3.1.2 June 1999 – (COM 3-R 20,  paragraph 7)

Report of the Rapporteur Group on cost methodologies

At its last meeting, in December 1998, Working Party 2/3 had decided to set up a rapporteur group to study cost methodologies and had appointed Dr W. Neu (WIK, Germany) as the Rapporteur. The group was given specific terms of reference, including inter alia organizing a tutorial for Study Group 3 on cost concepts in general, in order to give delegates a better understanding of the scope of problems related to cost methodologies.

Dr Neu gave a general presentation on cost concepts, showing the difference between and respective characteristics of incremental versus fully distributed costs, historical versus current cost accounting, and costs actually incurred versus costs of efficient service provision.

He stressed that differences regarding costing depended to a large degree on differences of opinion as to what was to be achieved by the exercise and what concepts were best suited for the purpose. There would be those wanting information on costs that allow efficient pricing in a competitive market; and those that wanted cost information for the formation of prices that ensure recovery of all relevant costs. Given those differences regarding purpose, one should not expect that one could overcome the differences arising out of the different preferences by the mere reference to some magic wand called "methodology". Specification of methods of cost compilation, carried as far as agreement among the opposing parties allowed, could nevertheless help to clarify where the actual disagreements lay. Once that had been done, discussion from then on could focus on those issues without being distracted by misunderstanding regarding superficial aspects of method.

Dr Neu went on to indicate that cost calculation methods should satisfy three criteria: transparency, objectivity and practicability. To those three, he added two further criteria which he considered to be important: the principle of cost causality and the need for cost recovery. The first asked for clear cause‑and‑effect relationships between service delivery and network elements on the one hand and underlying cost determinants on the other. The cost recovery principle derived from the fact that every firm needed comprehensive recovery of all its costs, in particular also its common costs, in order to be viable in the long run.

Following his presentation, Dr Neu introduced his group's progress report, which may be found in Annex 2 to this report. He concluded his report by listing the activities that could be undertaken by his group, which would continue to work to fulfill its mandate by studying in greater detail the various cost models presented (including the TAF model), studying improvements that could be made to the database, and seeking to achieve a better understanding of the cost methodologies.

The Chairperson thanked Dr Neu and the members of his group for the useful initial results achieved, and urged the group to pursue its efforts along the same lines in order to enable the working party to consider concrete results at its next meeting. The working party requested the rapporteur group to continue to work via the "reflector", and to hold at least one meeting so that members could get together and exchange views.

The working party also considered a liaison statement from ITU-D Study Group 1, requesting a progress report on work in Study Group 3 and the definition of certain technical terms. The working party prepared a reply, and decided to send it to Study Group 1 by means of a liaison statement. The liaison statement may be found in Annex 3 to this report.”

3.1.3 December 1999 – (COM 3-R 24, paragraph 4)

“4.1
Dr W. Neu (WIK, Germany), Rapporteur for cost methodologies, introduced the report of his rapporteur group on its meeting in San Francisco on 22 and 23 September 1999. The report summarized the meeting and its results, the main lines of which are as follows (the full report of the meeting, as adopted by the working party, may be found in Annex 2 to this report):

•
During the meeting, several existing cost models and costing approaches for the calculation of accounting rates or termination charges were presented. Following this, the characteristics of these models as well as a set of general principles that such models should comply with were discussed.

•
A conclusion from the discussion is that - due to diverging interests of parties involved in negotiating such rates and charges deriving from different degrees of country development and from different degrees of competition that operators face - agreement on a common costing model for the purpose is illusive. Therefore, the objective of establishing such a common costing model at the ITU level ought to be abandoned.

•
At the negotiating table, operators should be obliged to back up their claims for such rates or charges in one of two ways. Operators facing in their markets effective competition should be prepared to back up their claim for a termination charge by demonstrating that this charge would correspond to the price (or the sum of prices) of a comparable competitively offered service (or of several such services). Operators in markets that do not face effective competition for their termination services and therefore cannot refer to market-determined prices would need to provide relevant cost data to be able to substantiate their claim. So cost information – and for that purpose – cost models are in fact needed in these cases.

•
With regard to the establishment of general principles and rules to be fulfilled in applying a costing methodology, the rapporteur group agreed on the formulation of principles concerning transparency, cost causality, practicability, efficiency, and reasonable contribution to common cost, and, furthermore, fixed some rules regarded as essential for determining cost components of international termination services. This will help to assess to what extent a model used by a party in a negotiation effectively represents the cost of the termination service in question.

•
In order to verify to what extent the existing models and approaches actually comply with these principles and rules, it is recommended to continue the discussion on the question of cost modelling in ITU forums.

•
Representatives from administrations and operators in developing countries showed a general interest in acquiring know-how on costing and cost models. It is recommended that possibilities be opened in ITU forums to make this knowledge available.

4.2
In the ensuing discussion, the working party focused its attention primarily on the conclusions drawn by the Rapporteur.

4.2.1
The working party fully endorsed the first conclusion, namely that the objective of establishing a common costing model at the ITU level was illusory.

Trinidad and Tobago shared the view that the model would have to be developed according to the economic, social, technological and geographical realities of each country and that no common model was possible. Whilst agreeing with the Rapporteur's conclusion, Syria, India and Bahrain expressed concern about the persistently different points of view held by administrations adopting different model concepts, which would cause problems for the subsequent negotiation of accounting rates. Japan expressed concern that the introduction of settlement rates was receding owing to the difficulties involved in developing a mutually acceptable costing method. Sonatel pointed out that endeavours to arrive at a single system satisfying everyone would be in vain and that work should instead be geared towards finding a mechanism which facilitated dialogue between the different models.

The Rapporteur also supported the idea that the models would not resolve the differences of opinion, but that, by applying the principles developed by the rapporteur group, understanding of the different models would be improved, thereby facilitating negotiation. Telstra supported the idea of continuing to improve the different existing models through the rapporteur group in order to aid negotiation. The working party agreed to abandon the development of a common cost model, but to continue to study and try to enhance the different models. It would also study systems or methodologies that would facilitate the use of the two different models in negotiations.

4.3
In respect of the costing principles developed by the rapporteur group, Trinidad and Tobago proposed that the objective of these principles be clearly defined. Bahrain asked that the principles be reviewed to ensure that the principles that were common to the different cost models developed by the regional tariff groups were properly reflected in the principles that would be developed. Sonatel considered that the principles of practicability, causality and efficiency were the three most important principles and that they should fully reflect the situation of the developing countries. Canada emphasized the need to define only "high level" principles, pointing out that the result of calculations depended not only on the cost model, but also and above all on external factors such as the policy imposed by the Member State. It was therefore pointless to define principles in too much detail.

4.4
Syria raised an objection to the rapporteur group's proposal concerning revision of Annex A to Recommendation D.140 (Guidelines for cost elements), considering that Annex A was the outcome of lengthy discussion and that the cost elements should not be altered. However, the Rapporteur explained that the aim of the proposal was rather to supplement Annex A with more detail, so that it could be verified that calculated costs did in fact correspond to actual costs. The United States and Canada supported the Rapporteur's point of view. The working party agreed to consider revision of Annex A if necessary.

4.5
In respect of the organization of the seminar on cost methodologies by the ITU Development Sector, the working party noted that BDT had already organized many seminars on the subject. Sonatel commented that this type of seminar was useful, but that the greatest problem faced by developing countries was coping with local realities, which could not be resolved by speakers presenting theories.

In general, however, the delegates of developing countries expressed strong interest in this type of seminar. The working party decided to send a liaison statement to ITU-D Study Group 1 to inform it of the results obtained and to draw its attention to the need to continue organizing the seminar for developing countries. The liaison statement, as adopted, is contained in Annex 3 to this report.

The working party also took note of the liaison statement from ITU-D Study Group 1, containing a progress report on its work on the study of Question 12/1.

4.6
In respect of the future of the rapporteur group, Canada thought that its work would be useful if it managed to define the values of rates for developing countries faced with a competitive market. Sonatel did not share that point of view, since operators in developing countries did not work on a virtual basis but operated their services in the specific context of the real situation prevailing in their countries. However, it was clear from the discussions and agreements reached by the working party that the rapporteur group still had many tasks to accomplish. The working party therefore decided to modify the terms of reference of the rapporteur group in order to take account of the discussion, and to entrust Dr Neu and his group with the continuation of work on cost methodologies. The new terms of reference of the rapporteur group are set out in Annex 4 to this report.”

3.1.4 June 2000 (COM 3-R 28, paragraph 7)

The Chairperson said that the Group had not been able to meet and that there would therefore be no report to discuss at the present meeting.

The Working Party considered that the Rapporteur Group still had a great deal to do in line with the new terms of reference given it in December 1999 and that the members of the group ought to meet face to face before the next meeting of Study Group 3. Germany offered to organize a meeting in that country. The Rapporteur Group will continue to work by correspondence and will meet in due course to prepare a report for the next meeting of Study Group 3.

The Working Party also stressed that it was important for the Rapporteur Group to work in collaboration with the ITU-D Rapporteur Group on Question 12/1.

3.1.5 December 2000 (COM 3-R 1, Annex 4, paragraph 3.4)

“3.4
Cost methodologies

Working Party 2/3 considered how best to address the study of cost methodologies in future. It was noted that the mandates assigned to the Rapporteur Group on cost methodologies led by Mr. W. Neu (WIK, Germany) had been completed at the present meeting (see below the report on cost methodologies). However, Syria considered that Study Group 3 had not yet responded to the request of the Plenipotentiary Conference which, in its Resolution 22 (Rev. Minneapolis, 1998) had urged Study Group 3 to expedite its work on developing the appropriate costing methodologies. 

The working party considered that the rapporteur group had met those expectations, and that if any further work on costing methodologies was required, another group would have to be set up with specific terms of reference. However, it considered that until such time as its proposals (annexed to this report) had been approved by Study Group 3, the rapporteur group should continue its efforts, if only through the reflector, to reply to any questions which might arise with a view to facilitating approval of the draft revision of Recommendation D.140.”

3.2  Reports

3.2.1 Terms of reference – (COM 3-R 16, February 1999)

Initial terms of reference for Rapporteur's Group on cost methodologies (Revised)

•
Review the structure of various costing methodologies, including regional methodologies, and the purpose for which they have been developed.

•
Evaluate the applicability of these costing methodologies to relevant circumstances.

•
Organize a tutorial for next meeting of Study Group 3.

•
Develop proposals for future work, including the development of ITU costing methodology/ies and the time-frame within which this has to be accomplished.

In order to avoid duplication and maximize the use of available resources, the work of the Rapporteur's Group should be undertaken in close liaison with on-going work in ITU-D, TSB and BDT on the subject matter. 

The Group should, to the extent practical, work by electronic means, using an email reflector established by the TSB. At least one face-to-face meeting of the Group of one to two days duration should be envisaged to which representatives from ITU-D should be invited.

3.2.2  June 1999 – First report (to be found in COM 3-R 20, June 1999)

Report of Chairman of Rapporteurs Group on Cost Methodologies on
Meeting of 3-4 May 1999

1.
Introductory remarks

1.1.
Creation of Rapporteurs Group and its Terms of Reference

During the meeting of ITU-Telecommunication Standardization Sector Study Group 3 in Geneva from 8 to 15 December 1998 it was decided to create a Rapporteurs Group on Cost Methodologies to be chaired by Mr. Werner Neu (WIK, Germany). The following Initial Terms of Reference were defined as a guideline for the work of the Group:

•
Review the structure of various costing methodologies, including Regional methodologies, and the purpose for which they have been developed.

•
Evaluate the applicability of these costing methodologies to relevant circumstances.

•
Organize a tutorial for next meeting of Study Group 3.

•
Develop proposals for future work, including the development of ITU costing methodology/ies and the timeframe within which this has to be accomplished.

1.2.
Exchange of ideas via e-mail reflector before meeting of 3-4 May 1999

In preparing the meeting of the Rapporteurs Group, an e-mail reflector was established by the TSB. In the weeks before the meeting an intensive exchange of ideas was carried out over the reflector system. The following members of the Rapporteurs Group contributed to this exchange of ideas: Mr. Peter Watt (NZL), Mr. Ted Exton (Canada), Mr. Ng Cher Keng (Singapore), Mr. Saud Al Tiwaniy (Oman), Ms. Teresa Evert (USA), Mr. Paulo Lopes (European Commission) and Ms. Vanessa Yeung Lai-shan (Hong Kong, China). These ideas went into the contribution that the Rapporteurs Group Chairman drafted and distributed to all members before the meeting on 3-4 May 1999.

2.
Meeting of Rapporteurs Group on 3-4 May 1999

2.1.
Preliminaries

The meeting was attended by 25 delegates (see Appendix A for list of names). Among these one may roughly distinguish two sides, the one side representing essentially developing countries (henceforth called delegates from D countries, D delegates, or the D side), the other representing industrialised countries (henceforth called delegates from I countries, I delegates, or the I side). Chairman of the meeting was the Rapporteurs Group Chairman, a delegate from Germany which is of course an I country. As head of a research organisation this delegate is trained to take an objective and disinterested view of matters and, anyhow, has been entrusted to guide the work of the Rapporteurs Group in this way. The chairman is being assisted in his work by a member of his own organisation (WIK) and the two will be referred to in the following as the Chair's Team (CT).

Prior to the meeting, CT had sent to all members of the Rapporteurs Group a written contribution (see Appendix B) covering the following topics:

•
Cost concepts


Incremental vs. fully distributed costs


Historical vs. current cost accounting


Costs actually incurred vs. costs of efficient service provision


The principle of cost causality and the activity-based costing approach

•
Cost modelling methodology

•
Discussion of three existing cost models


TEUREM


TAS


TAL

To each of above topics, there was first a presentation on the part of CT followed by an extensive as well as intensive discussion.

2.2.
Points of discussion

2.2.1.
Cost concepts vs. methods for assessing cost

A theme running through the whole meeting - and one that was consistingly emphasised by CT - was that differences regarding costing depend to a large degree on differences of opinion as to what is to be achieved by the exercise and what concepts are best suited for the purpose. There would be those wanting information on costs that allow - successful and efficient - pricing in a competitive market, and those that want cost information for the formation of prices that assure recovery of all relevant costs. Given those differences regarding purpose, one should not expect that one could overcome the differences arising out of the differing preferences by the mere reference to some magic wand called "methodology".

Specification of methods of cost compilation, carried as far as agreement among the opposing parties would allow, can help, however, to clarify where the actual disagreements lie. Once this is done, the discussion from there on can focus on these issues without being distracted by misunderstanding regarding superficial aspects of method.

At the end of the meeting, it was generally agreed by attendees that it constituted already some progress that by this procedure one was realising what each side's preoccupations are and that these preoccupations - beyond such catch words like "fully distributed costs" or "long run incremental costs" - had a legitimate basis warranting to be addressed reciprocally in further discussions.

Fully Distributed Cost (FDC) vs. Incremental Cost (IC)

Regarding this issue delegates from D countries objected to the predominance given by CT and delegates from I countries to the incremental costing approach. In the course of the ensuing discussion it became apparent that the difference between the FDC and IC approaches need not be as sharply drawn as is often done, particularly when advocacy and not analysis is the objective. In particular, while there would certainly be a conceptual difference between the two approaches, and while for purposes of competitive market pricing IC would - as CT insisted - be the proper concept, in practical applications the two could come to results that are not that far apart. FDC could come close to IC provided criteria are being applied like cost causality, valuation of assets at current prices, activity based costing (ABC) for costs of operations, maintenance and the like. Conversely, IC would actually achieve something like FDC if the approach of ABC, in the spirit of IC, is applied to the fullest extent. What would be objectionable about FDC is the arbitrariness of cost attribution without any link to cost causation, which has often been observed in actual instances of the use of FDC. Looked at it this way, the rejection of FDC would be based more on a presumption that it is being done in this arbitrary fashion.

CT emphasised, as was also argued in the contribution from AT&T distributed over the e-mail reflector, that prices based on the IC approach (here generally the Long Run version of it, i.e. LRIC) should contain a markup for common cost, i.e. for that part of total cost of the firm which cannot be assigned to a particular service on the basis of a causal link. Overall, prices of a firm based on LRIC must include markups for common cost in such a way that they lead to revenues that would cover all the firm's costs. The AT&T representative pointed out that it is her company's view that a reasonable allocation of common costs would be appropriate, provided that approximately 90 % of all costs are appropriately allocated to their relevant services. Regarding the latter point, CT referred back to the earlier observation (see previous paragraph) that by way of using ABC quite a large share of costs can actually be assigned to the relevant services on the basis of a causal link. ABC, however, is itself a costly procedure and may not be available to all operators. In these cases one may have to do with a smaller share of total costs being directly assignable to relevant services on the basis of an identifiable causal link.

In this context, one observation from the D side was that there existed as many approaches to costing as there were people asked to define one. In other words, there would be not good reason to insist on declaring the LRIC approach as the only relevant one. In response, CT referred to the fact that in competitive situations each firm had virtually complete freedom regarding the way it shapes its cost accounting and that in fact many approaches to costing exist; that, however, more and more firms turn to some version of LRIC. In a competitive environment, nobody outside the firm needs to be concerned about its cost accounting as long as the firm stays competitive. In a bilateral monopoly situation, however, the kind of cost modelling is of concern to at least each side of the negotiating table. If there is agreement on the principle of cost-oriented prices, one must also find agreement on the details of costing. It would then be normal that each side starts with the costing approach that serves best its purpose, which in case of companies from I countries is to have prices based on costs that firms in a competitive market would use, i.e. the LRIC approach. Conversely, the preferred approach of administrations and companies from D countries would naturally be the FDC approach with its assurance of cost coverage. The gap between the perceptions should narrow on realising (a) that firms that use LRIC will after all also come up with prices that in total are to achieve cost coverage and generate some profit, and (b) that prices based on FDC may not be so egregiously different from those based on LRIC provided the criteria mentioned earlier are applied.

Another observation from the D side was that negotiators from D countries in general simply did not have the negotiating skills to assess and counter arguments that turn on the superiority of the one against the other cost accounting approach. It is for this reason, it was pointed out, that the work of the Rapporteurs Group was so important. 

2.2.3.
Historical (HCA) vs. current cost accounting (CCA)

There was little controversy of principle on this issue. Early in the discussion the point was made that HCA was often associated with FDC and - vice versa - CCA with LRIC. As should already be clear from the arguments above regarding FDC vs. IC, this association is not a necessary one. Delegates from carriers stated that their organisations, whenever they have been using FDC where investment related costs are determined, they start from asset values on a CCA basis.

A further argument for CCA was brought forward by delegates from D countries. They refer to the fact that in certain cases, especially when an import-dependent D country is facing currency depreciation, the equipment prices are rising in terms of the country's home currency. It was no disagreement that then the relevant carriers' cost, in local currency and on a CCA basis, would have to rise accordingly. The resulting impact on cost figures in terms of foreign currency would, however, most probably be neutral since the effect of depreciation by converting local currency figures back into foreign currency figures just offsets the initial effect. As CT pointed out, it is of course the level of costs for international services in world market currencies that is of relevance here.

2.2.4.
Costs actually incurred vs. costs of efficient service provision

The delegates generally agree that it should be the aim of every telecommunications operator to provide its services in an efficient way and that in a long-run perspective the corresponding concept of "costs of efficient service provision" should be the suitable one in pricing decisions. This concept coincides with the costing standard of forward-looking long-run incremental costs which means that costs are derived under the requirement that the operator uses the latest technology and is efficiently organized. There was disagreement as to the question in which time horizon this efficiency requirement should be fulfilled.

The representatives of I countries, where operators like AT&T or Sprint have been operating in competitive markets for several years, pointed out that their production processes to a large degree are already designed under efficiency considerations. So some kind of imbalance will emerge when their negotiating partners from D countries are basing cost calculations on less advanced network structures and production processes.

On the other hand, the delegates of D countries argued that it would take a longer period of time until networks and production processes in general could be restructured under the efficiency criterion. In this necessarily slow adaptation process the existing – and to some degree inefficient ‑ structures and processes are producing expenses which would have to be covered to ensure viability of the firms. With regard to this, the point of spare capacity and the need for coverage of its costs was emphasised. Operators in D countries would often be faced with huge spare capacities, primarily because of two reasons: For one, such spare capacities were built up because penetration rates were low and large growth rates could be expected in the course of development. Furthermore, the operators in D countries would also often have to buy switching and transmission equipment on the world market which is not designed for their specific needs, i.e. which is too largely dimensioned so that it is inevitably under-utilised.

CT argued that it would be legitimate to ask that these situations to be taken into consideration. Much, however, depended on transparency and on operators in D countries being able to convince the other party in the negotiations that it would be in their well-understood interest to allow part of that cost to be included – as a direct cost component if indeed lumpiness is the reason for the extra cost, or as part of the markup for common cost if the I country partner can be convinced that helping to finance future expansion of the network would advance its own future business prospects. There may be good reasons to have such aspects matter in business relationships that are laid out to be of long duration.

As already mentioned, transparency would in such cases be of prime importance. It could thereby be ensured that the corresponding data, e.g. data on the extent of spare capacities, are revealed, further that a credible time path for reducing the inefficiencies is demonstrated.

2.2.5.
The principle of cost causality and the activity-based costing approach

In the discussion of common cost, delegates agreed that it would be best to have a costing approach designed in such a way that as large a share of total costs as possible could be attributed to the services on the basis of the causality principle. ABC was recognized as a costing approach which largely fulfils this requirement. With reference to the discussion on FDC vs. IC, it was stressed by several delegates that ABC methods can not only be used for the identification of IC but also in the framework of a FDC approach. In any case, it should be the objective of the costing exercise to reduce the block of non-attributable common costs as far as possible and thereby minimising the difference between cost figures for a service based on IC on the one and FDC on the other hand. CT stressed, however, that a trade-off needs to be taken into account between the advantages of cost determination based on causality to as large a degree as possible and the fact that an exhaustive application of an ABC approach itself may be very costly, thus making it appear that from some point onward a simplified approach would be more suitable on account of greater practicability.

2.2.6.
Cost modelling methodology

The proposal advanced by CT to keep the discussion of conceptual issues separate from discussions of methods of cost compilation proper was intensively discussed. The result of the discussion was that it was agreed that indeed one should keep separate those issues that are of a conceptual nature, reflecting different starting positions, from those questions on the mechanisms of cost compilation. 

CT had advanced three requirements that methods of cost compilation should fulfill: transparency, objectivity, and practicability. The discussion revealed two additional candidates to be added as requirements: cost causality and need for cost recovery. The first asks for clear cause-and-effect relationships between service delivery and network elements on the one hand and underlying cost determinants on the other. There was no disagreement on including this requirement. The second derives from the fact that every firm needs a comprehensive recovery of all its costs, in particular also its common costs, in order to be viable in the long run. On this there were objections from the AT&T delegate to the effect that it would be premature to include this standard already among the accepted requirements since doing so could give rise to the impression that also unwarranted costs might fall under it. In any case there would be a need for this requirement to be discussed further in a future meeting of the Rapporteurs Group.

In case of the service in question, i.e. carrying an (incoming) international call to its destination, CT identified the following five network elements to be a possible source of costs directly attributable to the service according to the causality principle:

1)
international transmission,

2)
international switching,

3)
transmission in the national backbone network,

4)
switching in one or more switching centres used primarily for national traffic, and

5)
the local loop in which the receiving party has its subscriber line.

CT and I delegates argued that according to the application of the causality principle, the volume of international traffic is normally not considered a relevant cost driver for the dimension of the local loop, since in general volume of traffic is not a determining factor of local loop cost. It is thus a non-traffic-sensitive network element, where other cost drivers are relevant, especially the number of subscribers and the length of the subscriber line. Generally, the corresponding costs are covered by the monthly line rentals, i.e. not by traffic charges.

On the other hand, CT also recalled that in most countries the cost of the local loop has in the past been financed in part by revenues from traffic, in particular long-distance and international traffic. From this CT inferred that D countries' arguments are not all that far-fetched when suggesting that part of local loop costs ought to be rolled into the termination charges for incoming calls, as is actually reflected in language in Recommendation D.140 saying that relevant cost may be included by bilateral agreement.

In this context, a D delegate advanced the argument of the positive network externalities emerging from additional network availability which would also benefit telephone operators in I countries and therefore provide a reason for them to shoulder part of the costs. Thus a so-called access deficit contribution, i.e. the difference between local loop costs and rental revenues from domestic customers, should be included in charges for terminating international calls. CT drew attention to the fact that in general, whenever there is a positive externality that makes one party benefit from the action of another without there being an immediately obvious link between the cause and the benefit, to convince the other party to shoulder part of the cost proves exceedingly difficult. Reasons are the uncertainties involved, in particular, that it may not be possible to assess properly the extent of the external benefit, or that while one I country carrier may be willing to pay, another may not so that the first one would suffer a competitive disadvantage.

Generally, the point whether to include the costs of the local loop in international charges is closely related to the issue of universal service costs on which there is a discussion in section 2.2.9.

With regard to the issue of advertising and marketing costs, it was debated at this point whether these costs can be identified as direct costs of an incoming international call. D delegates argued that these activities draw additional subscribers into the network and additional international traffic means extra business also for foreign carriers. Therefore, again, there would be a positive externality and, correspondingly, an incentive for these carriers to take on part of the cost. CT referred again to the difficulties regarding the positive externality argument.

In any of these instances regarding the inclusion - yes or no - of certain network cost elements in the cost base for calculating charges for terminating international calls, CT argued strongly that it would be necessary that the relevant cost components be shown to exist in a transparent and objective way.

There was in the end no disagreement on the appraisal by CT that issues on method appear to be less controversial than the conceptual questions discussed under Point 2.2.2 to 2.2.5. It was recognized that the main differences between the sides represented in the discussion and, correspondingly, in concrete negotiations about settlement rates, turn primarily on questions regarding the extent to which cost should reflect efficient operations, and the extent to which common cost – or any large block of cost that are shown as a sort of common cost (like access deficit or marketing expenses) – could or should be included.

2.2.7.
TEUREM

The TEUREM approach was presented by the CT as an example of how agreement can be reached between incumbents on an analytical basis, i.e. particularly on the basis of cost studies. It was mentioned that the approach has been in use since 1968 and that it has lost its relevance in the last years, as international traffic in the European area is more and more routed from one country to another by direct interconnection of the carriers involved. With regard to this fact, it was decided to take the TEUREM approach out of further consideration.

2.2.8.
TAS

The TAS approach was especially criticized by the CT with reference to the fact that equipment cost components (operation and maintenance, depreciation rates, economic lifetime of investment, spare capacities) are not identified separately. A representative of the TAS Group stated that the calculation is actually based on a separate identification of these data and that it will be an objective of future developments of the model to make these calculations explicit.

2.2.9.
TAL

As stated by the CT, the most controversial aspect of the TAL model is related to the fact that the proposed formula to determine the termination charge for one minute of (incoming) international telephone service contains two components with no direct causative link to service provision:

–
A term subtracted from the unit cost which represents the efficiency gains or a cost lowering proxy based on forecast productivity over the period of estimation.

–
A term added to the unit cost that represents the cost per minute of the universal service obligation (USO).

Both terms enter the formula but it is not explained how the figures will be calculated precisely or which elements will be taken into account. Representatives of the TAL Group argued that the model is still in the process of being developed and that such additional explanation will be given in future versions of the model and in the corresponding documentation.

The delegates debated whether generally a USO component could be included in the calculation of the costs of international traffic. On the one hand, as pointed out by CT, it is a cost component with no direct causal link to the provision of international services. With regard to the network externality argument on the other hand, it is remarked on the D side that especially the I countries will in future benefit from additional subscriber lines in the currently uneconomic areas of the D countries and the corresponding additional traffic to and from these countries. It is argued again by CT that it appears to be an item which should be left to the bilateral negotiations between countries, but that also in this case the underlying cost figures should be derived according to the requirements of transparency and objectivity.

Further on this topic, some delegates argued that there is a risk of double contributions for USOs if there exist special schemes for USO financing in the relevant countries (e.g. universal service funds). The EC delegate referred to the EU approach to avoid this risk which involves the greatest degree of transparency and a clear separation of the financing of the USO element from interconnection charges. The AT&T delegate observed that the requirement of the WTO to separately identify and separately account for universal service objectives points in the same direction.

2.2.10.
The EC approach to accounting separation and cost accounting

In the regulatory framework of the EC the Open Network Provision (ONP) rules on accounting separation apply to fixed network operators notified as having significant market power. It requires a transparent provision of data on costs, revenues, capital figures and internal cross-transfers, to be made available to regulatory authorities and to competitors. According to the EC Recommendation on Interconnection (Part 1 – Interconnection Pricing), an approach based on forward-looking long-run incremental costs (FL-LRIC) is recommended. Until the approach is finally implemented, the EC has published 'best practice' charges for local, single transit and double transit interconnection.

According to the Part 2 of the EC Recommendation on accounting separation, the business activities of the operator should be separated into at least four units: "Core network" (traffic sensitive, provision and maintenance of interconnect services), "Access network" (non sensitive to traffic, provision and maintenance of the local access network), "Retail" (billing, marketing and sales of services to end users) and "Other activities" (e.g. mobile, data services, internet access, cable TV). The implementation of the FL‑LRIC approach will be based on a detailed attribution methodology, an Activity Based Costing (ABC) approach where more than 90 per cent of total cost should generally be identified as attributable. Furthermore, current cost valuations, efficiency factors and a reasonable return for the capital employed will be taken into account.

Delegates' questions and comments showed a large interest in the EC approach. For a detailed description of the approach, the EC representative referred to the underlying documents "Commission Recommendation on interconnection in a liberalised telecommunication market, Part 1 – Interconnection Pricing (15 October 1997) and Part 2 – Accounting separation and cost accounting" (8 April 1998), which was distributed over the e-mail reflector. These documents are also available on the internet under the following address: 'www.ispo.cec.be/infosoc/telecompolicy/en/Main-en.htm'. The Arthur Anderson study "Accounting Separation in the context of Open Network Provision" on which the EC Recommendation was based can be found under: 'http://www.ispo.cec.be/infosoc/telecompolicy/en/s1197-1.doc'.

2.3.
Further work programme

2.3.1.
Organization of a tutorial for SG 3

It was agreed that the tutorial will consist of the following parts:

1
Conceptual presentation by WIK

2
Presentation of the TAS model by Mr. Saud Al Tiwaniy

3
Presentation of the TAL model by Mr. John Prince or Mr. Cleveland Thomas

4
Presentation of the TAF model by Mr. Pape G. Touré

5
Presentation of the EC approach by Mr. Paulo Lopes

6
Review of the models and approaches by WIK

In the presentations, reference will be made to the points of discussion during the meeting of the Rapporteurs Group. The conceptual presentation will include a list of definitions of the terms and cost concepts that are being used.

Mr. Tanaka will try to reserve a whole day for the tutorial and the report of the Rapporteurs Group during the meeting of Study Group from 2 to 11 June, preferably on 8 June. In case of time constraints, it may be necessary to offer the tutorial outside the regular meeting time of the Study Group.

2.3.2.Structure of report to SG 3

It was agreed that the report to Study Group 3 will reflect the insights gained in the discussions during the meeting of the Rapporteurs Group. The report will be presented as a "Chairman's Report" i.e. it will be written under the responsibility of Mr. Werner Neu.

A draft version of the report will be distributed to the members of the Rapporteurs Group on 18 May 1999 over the E-mail reflector. Comments of the members can be considered in the final version when they arrive within one week from that date.

2.3.3.Cornerstones for further work

In the further work the Rapporteurs Group intends to support the regional groups in their future work on costing. As a result of the discussion on the pros and cons of the different models it appeared to be necessary to continue identifying advantages and disadvantages of the various models as well as develop them further according to the methodological requirements identified.

There is a need for further discussion of the requirements themselves to be fulfilled by costing approaches. Discussions should be aimed at reaching a consensus on what the minimum set of these requirements should be. There is also the need to analyse how the specifics of the different regions are to be reflected in the models, taking in particular into account practicability aspects. 

There appeared to be agreement that common principles on costing will not be able to replace negotiations between countries and carriers regarding what cost elements should be covered by termination charges. They can, however, provide guidance as a tool for identifying relevant cost components and the underlying data requirements. With regard to the latter, it appeared to be necessary to work on approaches helping the negotiating parties to improve their databases in order to provide the required degree of transparency.

3.2.3 September 1999 – Second Report (to be found in COM 3-R 24, December 1999)

CHAIRPERSON’S REPORT OF 
RAPPORTEURS GROUP ON COST METHODOLOGIES
MEETING OF 22-23 SEPTEMBER 1999

0.
Executive summary

The Rapporteurs Group on Cost Methodologies, created by the ITU Telecommunication Standardization Sector Study Group 3 in December 1998, convened for its second meeting on 22 and 23 September 1999. In his report the Chairman summarises the proceedings and the results of the meeting as follows: 

· During the meeting, several existing cost models and costing approaches for the calculation of accounting rates or termination charges were presented. Following this, the characteristics of these models as well as a set of general principles that such models should comply with were discussed. 

· A conclusion from the discussion is that - due to diverging interests of parties involved in negotiating such rates and charges deriving from different degrees of country development and from different degrees of competition that operators face - agreement on a common costing model for the purpose is illusive. Therefore, the objective of establishing such a common costing model on the ITU level ought to be abandoned.

· At the negotiating table, operators should be obliged to back up their claims for such rates or charges by one of two ways. Operators facing in their markets effective competition should be prepared to back up their claim for a termination charge by demonstrating that this charge would correspond to the price (or: the sum of prices) of a comparable competitively offered service (or: of several such services). Operators in markets that do not face effective competition for their termination services and therefore cannot refer to market-determined prices would need to provide relevant cost data to be able to substantiate their claim. So cost information - and for that purpose - cost models are in fact needed in these cases. 

· With regard to the establishment of general principles and rules to be fulfilled in applying a costing methodology, the Rapporteurs Group agreed on the formulation of principles concerning transparency, cost causality, practicability, efficiency, and reasonable contribution to common cost, and, furthermore, fixed some rules regarded as essential for determining cost components of international termination services. This will help to assess to what extent a model used by the a party in a negotiation effectively represents the cost of the termination service in question.

· In order to verify to what extent the existing models and approaches actually comply with these principles and rules, it is recommended to continue the discussion on the question of cost modelling in ITU forums.

· Representatives from administrations and operators in developing countries showed a general interest in acquiring know-how on costing and cost models. It is recommended that possibilities be opened in ITU forums to make this knowledge available.

1.
Introductory remarks

During the meeting of ITU-Telecommunication Standardization Sector Study Group 3 in Geneva from 8 to 15 December 1998, it was decided to create a Rapporteurs Group on Cost Methodologies to be chaired by Werner Neu (WIK, Germany). The following Terms of Reference were defined as a guideline for the work of the Group:

· Review the structure of various costing methodologies, including Regional methodologies, and the purpose for which they have been developed.

· Evaluate the applicability of these costing methodologies to relevant circumstances.

· Organize a tutorial for next meeting of Study Group 3.

Develop proposals for future work, including the development of ITU costing methodologies and the timeframe within which this has to be accomplished.

A first meeting of the Rapporteurs Group had taken place in Geneva on 3 and 4 May 1999. This second meeting was held in San Francisco, USA, on 22 and 23 September 1999. It was hosted by AT&T. It was attended by 19 delegates (see Appendix A for list of names). Chairman of the meeting was the Rapporteurs Group Chairman assisted in his work by a member of his own organisation (WIK). 

The following Chapter 2 reports on the discussions during the two days of meetings and the results that were obtained. In the concluding observations in Chapter 3 the Chairman gives his assessment of the results of the discussion and draws conclusions from these results. 

2.
Points of discussion during the meeting 

2.1.
Review of existing models

According to the Terms of Reference, a main part of the meeting was dedicated to a review of the existing approaches and models to determine the relevant cost figures for terminating international telecommunications services. The presentations of the models and the subsequent discussion aimed at an identification of the characteristics of the different models, i.e. their advantages and disadvantages. This was also supposed to answer the questions as to whether there are common characteristics among the models and, if any, whether these could lead to the identification of some generally applicable costing principles which could serve as a basis for a convergence of the different approaches.

The review consisted essentially of two parts, a presentation of the models and a subsequent general discussion regarding the use of such models in settlement rate or termination charge negotiations. 

2.1.1.
Presentation of models

The following cost models and approaches were presented:

a)
Approach of the Office of Telecommunications Authority (OFTA, Hong Kong / China): Cost Evaluation for International Traffic Termination

The approach of OFTA was developed to provide a cost based calculation of the local interconnection charges and the local access charges (LAC) to be paid by the external service/gateway operators to the local fixed line network operators. The principles used in this calculation are regarded as a starting point for developing a cost methodology for calculation of the costs of international traffic termination. Generally, OFTA uses a forward-looking LRAIC (long-run average incremental cost) concept identifying the relevant cost components of the LAC to reflect those costs which an external service/gateway operator would incur if he constructed the local network himself. However, the problem is that in some cases the available accounting data were not differentiated to a sufficient level of detail or are not based on up-to-date information. In these cases, OFTA has to refer to the existing data based on an FDC (fully distributed cost) approach provided by the operator or to benchmark data provided by external analysts. Accordingly, OFTA would welcome if the members of Study Group 3 could provide assistance for improving cost accounting procedures and market information of cost elements and service tariffs in the future.

c) TAS Group Cost Model

The TAS Model was developed by the countries of the Asia and Oceania Region with reference to ITU-T Recommendation D.140 and approved by the ITU for the determination of the costs of incoming IDD telephone traffic as a basis for fixing accounting rates between the countries of this Region. The model uses an FDC approach according to which the costs of international transmission and switching are calculated on the basis of the network elements identified in D.140 necessary for the provision of international telephone service: international exchange, earth station, cable station, etc. In respect of the national extension, the relevant cost is also calculated in terms of an element-oriented approach, i.e. broken down into costs of switching, transmission and local loop facilities. The cost of the local loop may be included in the national extension cost, if this is agreed between the negotiating partners in question. The model can be used for the calculation of world average cost per minute or stream cost per minute, i.e. costs of terminating incoming traffic differentiated according to the country of origin. It was noted that the TAS Group had advised SG 3 of intended refinements to the model, particularly in the area of cost causality.

c)
TAL Group Cost Model

The TAL Model developed by the Latin American and Caribbean countries with reference to ITU-T Recommendation D.140 uses an adapted FDC approach as a modification of the traditional FDC approach. Costs are to be allocated to the international telephone call service based on the causality concept. The approach was designed in a way to fulfil the principles of simplicity and flexibility in order to be easily applicable under different circumstances i.e. especially in the environment of less or least developed countries. On the one hand, the relevant cost elements are identified according to D.140, i.e. international transmission, international switching and national extension, following an FDC methodology. On the other hand, the formula to determine the termination charge for one minute of (incoming) international telephone service contains a component not directly related to the actual cost of service provision: an amount subtracted from the unit cost which represents the efficiency gains or cost lowering proxy based on forecast productivity over the period of estimation to be fixed by the appropriate local governing body. Furthermore, a term is added to the unit cost that represents the cost per minute of the universal service obligation (USO). The presenter noted that following suggestions made by the Rapporteurs Group during its May meeting, the model was adjusted to include only advertising and marketing costs specific to the service. (The question whether the USO cost and advertising and marketing costs can be regarded as direct cost of service provision was discussed in detail at a later point of the meeting (see Section 2.2.2)).

d)
FCC approach: Hybrid Cost Proxy Model (HCPM)

The FCC developed the HCPM as a basis for regulating the interconnection charges of the incumbent Local Exchange Carriers (LEC). The model uses a TELRIC (total element long run incremental cost) approach, i.e. it focuses on the pricing of facilities, assumes fixed switch locations and provides for a recovery of a reasonable contribution to long run common costs. Furthermore, it is a bottom up computer model so that it allows an optimization of the network in the same way as an engineer would design it. The fact that the process is initiated and sponsored by the regulator makes the model independent from carrier-specific data and model design. In the current process of implementation issues such as an appropriate fill factor for the network and reasonable methods for common costs allocation and operating expense estimation are under discussion. So far, the HCPM is designed for local network cost calculation. It can, however, be extended to determine also the costs of long distance and international networks. The important aspect is that the principles on which it is built can be applied to determine the cost of any part of telecommunications networks.

e)
WIK Analytical Cost Model For The German Regulator

On behalf of the German Regulator, WIK developed an analytical cost model consisting of forward-looking LRAIC modules, one for unbundled loops and one for the core network with regard to interconnection. As the HCPM, the WIK Model is based on a bottom up philosophy. Starting from demand data, a strict causality principle is applied to determine the costs of those network elements that are necessary for the provision of relevant services. It is independent from operator-specific data and allows sensitivity analyses, e.g. the cost comparison of a network optimised under given node locations (”scorched node approach”) and a network optimised without any constraints. The calculation and allocation of common costs is not part of the model and has, therefore, to be carried out separately. As the FCC’s model, It can be extended, using the same principles, to determine also the costs of international networks. 

2.1.2.
Discussion

The delegates’ discussion after the presentation of the different models gives rise to the following observations: 

No agreement was found regarding the conditions that must be fulfilled by a model that could generally be used in calculating charges for international incoming traffic. As was repeatedly stressed by several delegates, those charges need to be agreed upon in negotiations between telecommunications carriers of different countries. It was recognised that when parties come to the negotiating table with quite different positions that this would make agreement difficult. There exists no international regulatory authority that could force the one or the other side to use a particular cost model for determining the charges proposed. 

An agreement on a particular cost model is relatively easy to achieve among countries when these countries find themselves in more or less similar economic and regulatory environments. This is for example the case when operators come from countries where most of them are still vested with exclusive rights of service provision. On the other hand, operators from liberalised telecommunications markets are fixing the level of charges in a negotiating process in which information comes primarily from market prices for similar services, and cost models - if they are needed at all - are then based on costing principles that are consistent with market forces. Agreement on a common costing approach appears to be difficult if operators come from different such environments. This is in particular the case when operators coming from developing countries and still being vested with exclusive rights negotiate with operators coming from industrialised and liberalised markets. In these cases, the different positions mentioned under the previous bullet come into play. This case was regarded as the relevant reference case for the further discussion.

It was recognised that the preference for a particular costing approach differed according to the market conditions that are relevant for the operator in question. Operators that are still vested with exclusive rights are mainly following the FDC methodology - as the experience of the TAS and the TAL Groups show - while operators and regulators in liberalised countries are increasingly using LRIC models. 

The delegate of Telecom New Zealand was sceptical whether it would be possible to agree on a single global cost model, as the competitive side will not accept FDC approaches while carriers operating in a monopoly market are reluctant to adopt the application of a LRIC model. In general, he regarded it as unrealistic to endeavour to force the negotiating parties to apply a specific methodology and foresaw that on the international level the market process will overcome the use of cost considerations in negotiations. He did however, strongly support the adoption of basic principles that could be adopted for general use. This position was seconded by the delegate from Bell Canada (in a written comment following the meeting) in pointing out that the differences in the operators’ policy and marketing goals could not be overcome through the further study of costing models alone.

The FCC delegate and the Chairman pointed out that as long as in certain segments of the sector the market process does not work, the use of cost models would be necessary. This does also hold in industrialised countries where most of the market is competitively organised but, nevertheless, the incumbent operators are mostly still occupying dominant market positions in certain segments, especially the local access network. The FCC delegate and the Chairman regarded the question of LRIC vs. FDC as a red herring when both negotiating sides are complying with the principle of transparency in their cost calculations. Costs could then in general be correctly identified, provided both sides take efficiency considerations into account and there is agreement on the calculation and allocation of common costs. In the end, the total cost figures could be comparable whether FDC or LRIC is used. On the other hand, as the AT&T delegate pointed out, it has been AT&T’s experience that the use of an FDC method and the use of a LRIC method actually produce quite different results. The delegate of Teleglobe Canada stated that the mindset on the both sides is most important, i.e. that an agreement on the costing approach is possible when both sides are prepared to reveal the relevant data and assumptions used in the calculation. 

The delegate of Trinidad & Tobago was doubtful whether a transparent provision of data could be guaranteed in the reference case. As experience showed, the relevant data are often not provided by negotiating partners from industrialised countries. This observation was confirmed by the AT&T delegate who stated that for operators in competitive markets information on cost data is highly sensitive and is, if at all, only provided to the national regulator. As the Chairman stated, however, market prices in competitive markets reflect the underlying costs of the relevant services so that in these cases, in fact, cost data could be dispensed with. When competitive market prices for all relevant network elements are available, then the sum of the prices for these network elements should be near the cost to provide the call. Today not all network elements are provided under competitive market conditions and, therefore, there exist no prices for these elements that would reflect the underlying true, economic costs to provide them. 

The Chairman made the general point that in finding a transparent basis for the costs of termination charges, the reality of negotiations should be taken into account. This would lead to the application of the principle of transparency to be different according to the market situation of the operators. Operators acting in a competitive environment could not be forced to reveal cost data that are competitively sensitive, but they should be obliged to show the market prices for relevant network elements used so that a total amount for terminating an international call - from the geographical point onward from which the operator takes charge of that call - can be determined. Operators operating in a non-competitive environment should be obliged to show the relevant cost data for terminating incoming international traffic - up from the geographical point from where they take charge of the call. Generally, in their case, there would be the need to derive this information from appropriate cost models as competitive prices for the use of the relevant network elements would not be available.

Another point of discussion was the difference in the degrees of efficiency of the operators negotiating with each other. Operators in competitive markets are often compelled by the market forces or by a regulator (enforcing a LRIC approach) to restructure their operations according to efficiency considerations. The situation of operators in less developed countries is often very different, as the delegates of Trinidad & Tobago and Oman stated. Because of missing market forces, missing resources, or socio-economic problems created when the labour force has to be reduced, the restructuring process is generally slower. As the Chairman pointed out, in bilateral negotiations no partner can normally impose on the other a specific degree of efficiency. What should be expected, however, is that the partner still suffering from low productivity should make transparent the path to greater efficiency and the cost figures resulting therefrom on the way to this state.

Acknowledging the fact that an agreement on a cost model, to be used in common in the reference case by the negotiating partners, is apparently not possible in the foreseeable future, the delegate of Trinidad & Tobago proposed that the meeting should try to develop a basic set of guidelines to be applied in negotiations. Also the delegate of Hong Kong (China) considered it as possible to agree on principles which are perhaps differentiated according to the specific market situation of the countries. 

With regard to the effort to define some basic guidelines, the delegates discussed the traditional system of defining accounting rates and then dividing these on a 50:50 basis and agreed that as market forces drive rates close to actual costs the differences in costs between operators will be reflected in different rates. Accounting rates as we know them today will likely be replaced by termination charges and commercially negotiated agreements

2.2.
Review of costing principles and rules on determining cost components

2.2.1.
Principles

In the light of the preceding discussion, the delegates reviewed the costing principles which were identified as relevant in the May meeting of the Rapporteurs Group.

The delegates generally agreed that transparency is the most important requirement to be fulfilled in applying a costing methodology. Furthermore, as stated in Section 2.1, the principle should also be followed in situations where an operator bases the cost of its termination charge on the market prices of the network elements used instead of on corresponding cost data. Accordingly, it was defined:

· Principle of transparency: The open availability of information used in the cost derivation process in order to allow comprehension of the final rate from the vantage point of an external analyst.

The principle of objectivity ‑ to use a generally applied procedure and not one that is peculiar to the particular service in question – identified as relevant in the May meeting of the Rapporteurs Group was now regarded as being of less importance by the delegates. The principle is assessed as an implication of the transparency requirement and was, therefore, subsumed under it.

In order to take account of the limited availability of resources especially in less developed countries, the requirement to design a costing methodology in a practicable way was defined as follows:

· Principle of practicability: The ability to implement a costing methodology with reasonable demands being placed on data availability and data processing in order to keep the costing exercise economical, yet still useful.

The requirement to clearly reveal the causal relationships between the services provided and the resources used for their provision, i.e. to give a comprehensive insight into the cost structures working in the input/output relations of a firm, is closely related to the transparency principle as a fulfilment of this requirement in the framework of a cost methodology will help to completely comprehend the cost derivation process. The principle was defined as follows:

· Principle of cost causality: The demonstration of a clear cause-and-effect relationship between service delivery on the one hand and the network elements and other resources used to provide it on the other hand, taking into account the relevant underlying cost determinants (cost drivers).

The principle of cost recovery was discussed with regard to the question of whether it is a relevant principle in all cases or just in cases where the market forces do not work in a sufficient degree. The Chairman stated that in competitive markets the market price dictates the degree to which a recovery of costs will be possible and even whether a relevant service should be offered at all. Therefore, the principle is not applicable to a competitive market. The AT&T delegate noted, however, that some kind of cost management is relevant for all operators. Accordingly, the principle was formulated in the following revised form in order to take account of the fact that the operators are acting in different market situations:

· Principle of reasonable contribution to common costs: Costing methodologies should provide for a reasonable contribution to common costs.
In the course of the discussion three further principles were proposed as possible candidates for inclusion into the basic guidelines: the principles of efficiency, competitive costing and flexibility.

There was a general agreement that the principle of efficiency should be included as it is in the interest of every operator that the production processes are designed in an economic way and that a foreseeable progress on the path towards efficiency is taken into account when costs and tariffs are determined. The principle was defined as follows:

· Principle of efficiency: The provision of a forecast of cost reductions that result from a more efficient combination of resources.

Furthermore two more principles were proposed on which no common view could be developed: 

· The AT&T delegate proposed a principle of competitive costing defined in the following way: To manage costs in such a way so as to allow the pricing of products/services consistent with prices available in the market for similar or substitute products/services. There was no general agreement on the inclusion of this principle as no common view on its meaning and implications, different from the principle of efficiency, could be reached among the delegates.

· The delegate of Trinidad & Tobago proposed a principle of flexibility requiring: To design a cost methodology in such a way that it is easily and flexibly applicable in different environments. As some delegates assessed this principle as subsumable under the practicability requirement, there was also no general agreement on its inclusion.

2.2.2.
Rules on determining cost components

In the May meeting of the Rapporteurs Group the Chairman proposed a possible set of rules to make up a costing methodology which could serve as a basis for a revision of ITU-T Recommendation D.140. This proposal was also under review in the discussion.

There was a general agreement that the following network elements, as identified in D.140, are typically used by an (incoming) international call:

(1) international transmission,

(2) international switching,

(3) transmission in the national backbone network,

(4) switching in one or more switching centres used primarily for national traffic, and

(5) local delivery system by bilateral agreement.

In the May meeting the term ”local loop” had been used under point (5). It was agreed that it should be replaced by ”local delivery system” in order to reflect the new technological developments in the access part of telecommunications networks.

For each network element identified as necessary for the provision of the international termination services and, accordingly, belonging to one of the five categories named above, direct costs will consist of:

· investment costs, i.e. interest on loans and return on equity capital, depreciation charges; 

· operating and maintenance costs; and conceivably

· administrative and other costs identifiable as directly being caused by the relevant network element.

The activity-based costing (ABC) approach was generally regarded as the most suitable method for the identification of causal links between particular services and the underlying cost determinants and, correspondingly, for the identification of direct cost. But as it was stressed by the Trinidad & Tobago delegate, ABC should not be the only method used for this purpose, particularly for operators that do not have access to such a sophisticated instrument. For reasons of practicability, other more rough approaches should also be acceptable. 

The following categories of costs were generally regarded as non-attributable to individual network elements because of a not-identifiable causal link and should, correspondingly, be listed separately as total blocks of costs:

· general administration,

· management systems,

· R&D,

· taxes (to the extent that they are not already included as part of direct cost elements).

The AT&T delegate stated that in some cases the development part of R&D can be directly attributed to a certain element or a specific service. Furthermore, she regarded it as necessary that the following categories of costs are also identified separately and not considered as part of direct costs:

· marketing, advertising, and sales,

· billing,

· customer service,

· uncollectibles.

The Chairman pointed out that these costs could be identified as attributable to specific services by using a suitable method such as ABC. He made, however, the further point that in most cases they are not direct costs of international termination services - which are an intermediate input traded between operators - but rather of services that are delivered to final customers. 

The issue of taxes was discussed at some length, with the result that it is recommended that every form of taxation should be examined carefully with regard to the question whether a direct causal link to a network element or a service is identifiable. This could be the case when an excise tax is levied on volumes of minutes or on capital assets used for identifiable services. Each time such a tax would have to be severely scrutinised as to its justification. The Group took note of Article 1.6 of Appendix 1 of the International Telecommunications Regulations that specifically addresses taxes. 

The following supplemental information was regarded as necessary in the framework of a cost model in order to provide for the required degree of transparency:

· capacity reserves built into installations to accommodate future traffic, since costs due to this capacity would not be costs of current operations,

· depreciation rates and assumed lengths of economic lifetime of installations,

· the cost of capital assumed as a percentage of the amount of invested capital (interest on borrowed capital, rate of return on equity),

· relation of operating cost to investment (to be able to compare that with corresponding values for carriers in other countries).

The delegate of Trinidad & Tobago raised the question as to what extent the capacity reserve is regarded as acceptable and how it should be treated in the cost calculation. The Chairman stressed that this depends on the circumstances and that no general estimate could be given. In any case, however, an information on the figure and an explanation on why it should be the way it is should be provided. This would provide the necessary transparency.

Concluding the discussion the delegates named the following items which may be addressed in conceptual discussions and negotiations on cost methods and figures:

· the degree of efficiency of operations,

· the cost components to be included as common costs,

· the derivation of a mark-up in a LRIC approach,

· the costs of the local service delivery,

· the costs of universal service, and

· advertising and marketing costs.

The last two items were discussed controversially. Delegates from the USA and Canada considered it as highly questionable whether these costs should be considered as direct costs of incoming international traffic. The Chairman referred to the externality argument that could speak for an inclusion of part of those costs into the cost calculation for a termination charge (similar to an ADC in the UK, for example) although the amount would be difficult to quantify. The delegate of Trinidad & Tobago identified a further controversial issue: the fact that some operators are confronted with political and regulatory directives outside of their control which lead to additional costs and the question whether and to which degree these costs should be taken into account. Generally, it was acknowledged that the Rapporteurs Group does not have the mandate to try to solve these controversial issues and that its task should rather be seen in drawing attention to them.

2.3.
Proposal of a seminar on costing methodologies

The AT&T delegate presented a proposed outline for a seminar on costing methodologies that could be presented by practitioners in the industry, including AT&T speakers in different regions of the world. AT&T's draft agenda for such a seminar is attached to this report as Appendix B.

Delegates generally welcomed the proposal. The delegate of Oman expressed the wish that a seminar of this kind is carried out as soon as possible in his region and that a presentation of the FCC Model mentioned above be added to the agenda. As this type of seminar was regarded as being in the realm of the ITU Development Sector it was decided to ask Study Group 3 to suggest to the D Sector to carry out the seminar. 

2.4. Organisation of a tutorial for SG 3

It was agreed that the tutorial will consist of the following eight presentations (presenters are shown in parentheses): 

1. Introduction (Dr. Werner Neu)

2. TAS model (Peter Watt and/or Saud Al Tiwaniy) 

3. EC approach (Paolo Lopes)

4. TAF model (Pape G. Touré)

5. FCC approach (Jay M. Atkinson)

6. TAL Model (Dr. John Prince or Cleveland Thomas)

7. WIK model (Dr. Werner Neu)

8. Rapporteurs Group conclusions (Dr. Werner Neu) 

The meeting of Study Group 3 will take place in the week of 13 to 17 December 1999. The tutorial is scheduled for the afternoon of 13 December.

2.5.
Further work of the Rapporteurs Group

In light of the insight gained in the discussion that an agreement on one common cost model is currently precluded by parties' different interests, delegates expressed diverging views on whether the work of the Group should continue.

On the one hand, the delegate from New Zealand expressed the view that the Rapporteurs Group should finish its work, stating the insight mentioned, the agreement on the principles discussed in Section 2.2, but that the agreement on concrete costing approaches should be left to the negotiating parties if they be at all willing to take cost considerations into account. This view was seconded by the delegate from Bell Canada in a statement submitted after the meeting in an e‑mail message. On the other hand, several delegates considered that there are areas of further work for the Group. With regard to this, the following suggestions were made:

a) In order to improve the general knowledge on costing issues, the delegate of Trinidad & Tobago suggested that reference cases should be examined where a cost calculation is carried out under different national scenarios and cost models.

b) Furthermore, he suggested that the Group should compile proposals for improving the Regional Models according to the costing principles derived above in order to promote the acceptance of the models.

c) In order to provide some helpful benchmark figures, the Bell Canada delegate suggested the production of a report in which the costs of the relevant network elements are examined in different regions of the world.

d) The AT&T delegate suggested that the costing principles should be redefined in the future in order to reflect the general transition process to a complete liberalisation of the markets. 

In any case, as the Chairman concluded, the work on improving the understanding of costing issues will always be useful, as operators in any market environment will need these insights for their own purposes. 

3.
Chairman’s concluding observations

According to the Chairman's perception, the following points were brought into the open during the discussion on costing approaches: 

a) When operators negotiate to determine charges for terminating international calls they will have to rely on different sources of data depending on whether (a) the operator responsible for carrying out the termination is operating in a competitive market environment or (b) the operator is not operating in an effectively competitive market.

(i)
If (a) applies, the service of terminating a call has an equivalent that is offered competitively on the market and the market price for this service should be the basis for the termination charge. A competitively determined market price truly reflects the underlying costs so that separate provision of cost to substantiate that price would not appear to be necessary.

(ii)
If (b) applies, there does not exist price information from competitively offered services and relevant cost information would - if accepted as relevant by both sides - help in determining the charges.

b) If operators meet at the negotiating table where (a) applies to the one and (b) to the other, agreeing on what data sources the one or the other side should use to substantiate its claim for a termination charge appears to be essential:

(i) Operators from competitive environments should be prepared to back up their claim by demonstrating that this charge would correspond to the price (or: the sum of prices) of a comparable competitively offered service (or: of several such services).
 
(ii) Operators in markets that do not have effective competition for their termination service and therefore cannot refer to market-determined prices would need to provide cost data to be able to substantiate their claim. 

c) Given the diverging interests that the parties from (a) and (b) environments bring with them to the negotiating table, agreement on what kind of cost model to use is unlikely. Therefore, the hope of finding a common model that could generally be used in such negotiations ought in fact to be abandoned. (This is not contrary to the observation that among countries in a region with similar environments one should be able to agree on such common cost models.)

d) The most important insight, in the Chairman's view, is the following: Cost information is needed only for cases when there exist no market prices for similar services that could be referred to. This means that cost information - and for that purpose - cost models are needed only to back up claims for charges of carriers that are still operating in markets that lack effective competition such that there are no prices that reflect true economic costs. 

On the discussion regarding principles and rules, the Chairman's points are as follows:

e) The Group accepted the principles of transparency, cost causality, practicability, efficiency, reasonable contribution to common cost. Provided these principles are generally accepted, and provided they are applied in each case when two operators come together to negotiate termination charges, this would already constitute quite some progress. 

f) In order to make the point more obvious, let us list the implications of these principles:

(i)
Take transparency: To substantiate the claim for a termination charge, the operator in question makes transparent how the charge is calculated so that the negotiating partner is in a position to understand completely how it is arrived at. 

(ii)
Take cost causality: The operator in question establishes the causal link between use of resources and the price paid for these resource, on the one hand, and the rate requested, on the other.

(iii)
Take practicability: If the operator in question has no adequate cost accounting system, it is allowed to use a simpler approach for determining the relevant cost, but lays open that alternative approach (see principle of transparency). Actually, in such a case, a bottom up model as used in regulatory proceedings by the FCC, by the German regulator or regulators in some other countries - appropriately simplified - could be the most practicable approach in such a case. (Such models can also be implemented to reflect a fully distributed costing approach.)
(iv)
Take reasonable contribution to common costs: The operator in question demonstrates what its total common cost is, how it has been arrived at (see principle of transparency), and on what grounds a certain contribution should be made to its recovery by the termination charge.
(v)
Take principle of efficiency: If so far precluded by circumstances to operate at an efficient level, the operator lays open what its path to efficiency is, and shows what implication the current degree of inefficiency has on the level of cost.

g) Taking up now the rules on determining cost components, on which also a large degree of agreement was reached: The point is that consistent applications of these rules - while obeying the above principles - would lead to measures of direct cost for each network component used for terminating calls: transmission, switching (both international and national), local delivery. It would show the percentage rate of the cost of capital, the assumed lengths of useful life of capital items used in each of the network segments, the degree of capacity utilisation, the relation that operating cost for a particular network segment has to the amount of invested capital, and so on. 

h) As the FCC delegate and the Chairman had pointed out during the discussion, the fact of using a particular model (FDC or LRAIC) is actually secondary. It is the quality of the information (which increases with the degree of consistent application of the principles and the adherence to the rules just discussed) that is of primary importance. If given such information, there will be differences of opinion between the negotiating partners as to: what is the right level of the cost of capital, the length of life of a capital item, the degree of capacity utilisation, what cost component is to be included or not, and so on. No cost model can help to resolve these differences. These could only be resolved by the negotiating partners themselves, or by a regulator which in the international arena does not exist. 

Drawing on the insights produced during the two strands of discussion, the one on what model to use, the other on the proper principles and rules, the general conclusion seems to be the following:

a) This Rapporteurs Group will not be able to agree on a single model. Rather, it should focus instead on developing a set of consistent principles. Such principles will help to clarify the issues. In negotiations, one would then need to sit down to the real business of reconciling differences of opinion - without mutual recriminations regarding what cost model is the appropriate one. (What this also requires is that such negotiations are carried out - on both sides - in a spirit of openness and with the will of truly finding a win-win solution – which has in the past apparently not always been the case. To work towards such a goal actually might require a Rapporteurs Group with terms of reference aimed at spreading the know-how of how to properly conduct negotiations, of how to resolve conflicts and get - actually for both sides - the best out of bargaining.
) 

b) Due to time constraints, the Group could not verify to what extent the models and approaches that were presented actually comply with the principles and rules on which agreement had been reached. The expectation is that it would become apparent that in this regard some of the models would leave considerable room for improvement. Delegates from the regions for which regional models already exist expressed an interest to have these models discussed, verified and improved to the extent that it proves necessary. 

c) In addition to that, there was a general interest on the part of administrations and operators in developing countries to acquire know-how on costing models and on what they could be used for in providing relevant information for their own purposes. 

d) The conclusion from this is that there appears to be considerable room for further useful discussion on the question of cost modeling. The Chairman therefore recommends that ways and means be found to carry on such discussion in the appropriate ITU forums.

3.2.4  December 2000 – Third report (COM 3-R 1, Annex 4, paragraph 4.3)

Rapporteur Group on cost methodologies

1.
Executive summary

The Rapporteur Group on cost methodologies, created by ITU Telecommunication Standardization Sector Study Group 3 in December 1998 and continued under revised terms of reference in December 1999, convened for a meeting on 13 and 14 November 2000. In its report, the Chairman summarized the proceedings and the results of the meeting as follows:

a) In his remarks on the design and purposes of cost accounting systems, the Chairman pointed out that costing systems are generally designed to fulfill certain functions and that one should have a careful look at the purpose of a specific system when assessing it. While traditional cost accounting was mainly used to allocate costs for periodic financial statements, e.g. a modern system like activity-based costing (ABC) is suitable to facilitate process control and to compute product costs for pricing decisions at the same time. The group agreed with the Chairman's assessment; it was, however, pointed out that the use of ABC is itself a resource using activity and that in particular for a number of developing countries ABC would be difficult to implement. For these cases other solutions must be found. 

b) The group discussed the question in what way an operator should substantiate its claim for a certain settlement rate at the negotiating table. When the operator is able to demonstrate in a transparent way that the service of terminating an international call has an equivalent that is offered competitively on the market, the market price for this service should be the basis for the rate. The Group proposes to add this option to Annex C of ITU-T Recommendation D.140. In other cases where the operator substantiates the rate claim on the basis of cost data or cost models, it should adhere to the costing principles of transparency, practicability, causality, reasonable contribution to common costs, and efficiency.

c) The group further discussed these principles and amended their definitions where this proved to add to their clarity. The group proposes to make these principles part of ITU-T Recommendation D.140 by way of a new Annex F.

d) The rapporteur group proposes a revision of Annex A of ITU-T Recommendation D.140 that takes into account the proposed costing principles. 

e) As the next item on the agenda, the ITU/BDT delegate presented the TAF Group cost model demonstrating in which way the above mentioned principles are incorporated in it. The discussion showed that the model is a FDC top-down model which is consistent with a current cost approach by an appropriate revaluation of the invested capital. It is, however, not compatible with a LRIC approach. The ITU/BDT delegate presenting it pointed out that elements of a LRIC approach would be introduced into the model in the future.

f) It is reported that negotiations on accounting rates often appear to be marred by an unhealthy atmosphere of accusations and recriminations about the sincerity of the other side. There is, however, no good reason that such negotiations should not also be conducted in an appropriate style. As a possible contribution to bringing this about, the group proposes to adopt a list of principles for negotiating in good faith. The individual principles in this code of conduct are based on similar rules being considered in the European Union for the case of interconnection negotiations and on analytical work done by the Chairman of the group on questions of how to conduct negotiations.

g) In his concluding observations, the Chairman expresses his pleasure in that the group achieved substantial progress during the meeting, having found agreement on the use of market prices as a surrogate for costing data if they come from a competitive environment, the wording of the costing principles and the proposal to add them to ITU-T Recommendation D.140, and proposed changes to Annex A of this Recommendation. He considered it also as a substantial benefit of the meeting that the group could gain a better understanding of the TAF Group costing model, especially its recent improvements. Future work of the group might appear to be necessary on the question of how these additional insights on costing could actually be brought to bear in actual accounting rate negotiations. 

2.
A discussion ensued to clarify some points and gain a better understanding of the subject. The working party then examined the rapporteur group’s proposals.

a)
With respect to the draft revision of Annex C, the working party had no objection to the addition of the following section to the Annex:

C.3.3
Approach 3

Where an operator chooses not to use a cost model but there is a competitively determined market price available, it can substantiate its rate claim for terminating a service on its network by reference to this market price. The operator should be prepared to back up this claim by demonstrating in a transparent way that this rate would correspond to the price (or: the sum of prices) of a comparable competitively offered service (or: of several such services).

However, as the report had only become available at the last minute, the working party decided to allow itself more time for thought and to launch the approval procedure at the next meeting in June 2001, if no objection was raised in the meantime. 

b)
With respect to the inclusion of the costing principles and the rules for determining cost components, in a new Annex F to Recommendation D.140, several delegations questioned whether the definition of the principle of efficiency was sufficiently clear. It was decided to annex the terms to be included to the present report and commence the approval procedure at the next meeting if final agreement was reached on the various terms. The definitions of the terms to be embedded in Annex F to Recommendation D.140 are set out in Appendix II to this report.

c)
With respect to the code of conduct for negotiating accounting rates, the rapporteur group proposed that it be developed on the basis of the following principles for negotiating in good faith: 

(1) Each party should act truthfully, i.e. every information given to the other party should be credible in order to lead the negotiations into the right direction.

(2) The parties should negotiate freely and make agreements voluntarily, any kind of coercion should be avoided.

(3) Each party should act constructively, any offer, proposal, action, etc. should be directed towards reaching an agreement. Complex concepts should be simplified as much as possible.

(4) Each party should act time-saving, any delay should be avoided.

(5) Regular re-negotiations and future amendments of agreements should be possible.

(6) Each party should be represented by people who have the power to commit his or her organization.

(7) In case of disagreement, the parties should look for possibilities to enlarge the subject negotiated.

(8) In case of persistent disagreement, the parties should have the possibility to consult a person or institution for mediation. 

The Chairman of the rapporteur group made it clear that the above principles had not been agreed by the rapporteur group as a whole and would need to be discussed further within Working Party 2/3.

The United States considered that Study Group 3 should focus its efforts on developing Recommendations, and should not start producing other documents, such as a code of conduct, for which indeed no provision was made in the rules of procedure. Working Party 2/3 agreed that the proposal required more detailed consideration and more discussion, and the Chairman urged administrations to submit their point of view on the matter at the next meeting.

3.
The working party also decided to submit the rapporteur group’s report to the regional tariff groups for comment.

_________________________
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Abstract: 

This chapter describes a procedure whereby operators and regulators in developing countries, including those which do not necessarily have detailed data regarding their costs, can calculate tariffs that are orientated towards or based on the costs of telephone services, as determined from assessing the resources consumed by their activities.

4.1 Objective

This chapter describes a procedure whereby operators and regulators in developing countries, including those which do not necessarily have detailed data regarding their costs, can calculate tariffs that are orientated towards or based on the costs of telephone services, as determined from assessing the resources consumed by their activities.

4.2 Basic concepts

4.2.1 The concept of cost

The principles used are taken from ITU‑T Recommendation D.600R. The procedure is based on the Enhanced Fully Distributed Costing (EFDC) method. Taking as a basis the principles of activity‑based costing, the procedure is applied in such a way that all the costs incurred for each service offered, and only those costs, are attributed to the service in question. The unit cost of the service is the total cost divided by the volume.

4.2.2 Base costs

The method involves a descending attribution of costs. The accounts of the network operator are therefore used as the main source of costing data. However, in order to take into account the natural evolution of the cost of the equipment considered in the marketplace, historic amortization costs are updated to the corresponding replacement value.

4.2.3 Guiding principles

The guiding principles are those enumerated in Recommendation D.600R, namely: transparency, practicability, causality, efficiency, contribution to common costs, present value of costs and objectivity. Illustration of the present chapter has been done using an autonomous "client‑server" type application, in accordance with § 2.4 of Recommendation D.600R, used by BDT to aid those countries requesting it.

4.3 Services considered

The method is applied to calculating the tariffs for a "homogeneous" telephone network such as the fixed network; the resulting tariffs are endogenous tariffs that do not take into account interconnection charges for connecting to other networks.

4.3.1 Telephone services

The telephone services considered are the following:

•
Local (urban) traffic: This is traffic that remains within so‑called local (urban) tariff zones, but which may move over several exchanges within a given geographical area (e.g. a telephone call within the city of Geneva). The model considers a single local (urban) tariff. If in fact several local tariffs exist, the result given by the model represents their weighted average value.

•
Trunk (interurban) traffic: This is traffic between two communities situated in different local (urban) tariff zones (e.g. a telephone call between the city of Geneva and the city of Zurich). The model considers a single trunk (interurban) tariff. If in fact several trunk (interurban) tariffs exist, the result given by the model represents their weighted average value.

•
Outgoing international traffic: The tariff for outgoing international traffic is the average tariff calculated on the basis of endogenous costs. To determine the tariff applicable to the end user, the settlement rates for outgoing international traffic must be added.

•
Incoming international traffic: The tariff for incoming international traffic is the incoming settlement charge (including the international segment).

•
Outgoing subregional traffic:
 The tariff for outgoing subregional traffic is the average tariff calculated on the basis of endogenous costs. To determine the tariff applicable to the end user, the settlement rates for outgoing traffic to the subregion must be added.

•
Incoming subregional traffic: The tariff for incoming subregional traffic is the settlement charge applicable to countries in the subregion.

•
International transit traffic:

(
international to international;

(
international to subregion;

(
subregion to international; and

(
subregion to subregion.

•
Interconnection traffic (coming from a separate network within the same country - e.g. the mobile network):

(
Incoming national, one‑way, transit: Interconnection traffic received, for which the recipients are situated within the tariff zone of the interconnection point;

(
Incoming national, round‑trip, transit: Interconnection traffic received, for which the recipients are situated outside the tariff zone of the interconnection point;

(
Outgoing national: Traffic generated locally and directed to subscribers to other interconnected national networks. To determine the tariff applicable to the end user, the interconnection charge levied by other local operators must be added.

(
National, transit: Traffic between other national operators travelling by way of a third party's network. To determine the tariff applicable to the requesting operator, the interconnection charge levied by other local terminating operators must be added.

(
Incoming international, for other local operators: To determine the tariff applicable to the requesting operator, the termination charge levied by other local operators must be added. Until the matter of the identification of the terminating network is resolved, a weighted average of this charge and the charge for incoming international terminating traffic is used to determine the basis for the settlement charge.

(
Outgoing international, from other local operators.

4.3.2 Network components

Recommendations D.140 and D.150 provide that it is possible to determine the cost of the international segment. Although the model is "services‑orientated", it does allow the costs of network segments to be determined, as follows:

•
international transmission;

•
international switching;

•
national transmission;

•
national switching; and

•
access network.

4.3.3 Non‑telephone services

In accordance with the principle of causality, the costs of non‑telephone (non‑voice) services must be identified and removed from overall costs. This is generally a straightforward procedure in low‑teledensity networks. However, if difficulties should arise in this regard, a cost deduction factor can be reckoned on the basis of the proportion of non‑telephone revenues (this approximation assumes that prices are cost‑orientated).

4.4 Structure of the telecommunication network

4.4.1 Organization of the network

The network can be structured as illustrated in Figure 1.

Given the degree to which the national economy of many African countries is centred on the national capital
, Recommendation D.600R makes what happens in that location particularly visible.
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Figure 1

Structure of the network

4.4.2 Delimitation of the network

Three boundaries are considered in the network model in Figure 1:

•
Boundary with other local operators: This boundary determines the location of interconnection services. The interconnection charges that are calculated take only endogenous costs into account; they do not take account of the special agreement regarding the physical link.

•
Boundary with the subregion: This boundary delimits the endogenous costs incurred for offering subregional calls.

•
Boundary with the international zone: This includes international half‑circuits, and sets the boundary for endogenous costs for outgoing international calls.

4.5 Considerations regarding available costs

The objective of practicability imposes limitations in regard to the level of detail of the data that a model considers. The ability to adapt the model to the specific situation of different countries is essential. However, objective costs cannot be calculated without sufficiently detailed cost data.
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4.5.1 Analytical cost accounting

Where analytical cost accounting is available, it should be possible to obtain detailed information regarding amortization, operating costs and maintenance.

Accordingly, the following data should be provided: annual amortization for the equipment (telecommunications and electrical power), structures and miscellaneous investments, in the areas of switching (national and international), transmission (national and international), the access network and investments in structures.

The amortization period calculated for each network segment will be a weighted average of the amortization periods of the elements of which it is composed.

Example: National switching

If:


Dc
is the amortization period for the switching equipment


Mc
is the corresponding amount of amortization


Db
is the amortization period for the structures


Mb
is the corresponding amount of amortization


De
is the amortization period for the electrical‑power equipment


Me
is the corresponding amount of amortization


Da
is the amortization period for other investments relating to the national switching system


Ma
is the corresponding amount of amortization

Then:
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4.5.2 General accounting

If cost information is available only from general accounting records, a good knowledge of the network's cost structure may make it possible to carry out an initial attribution of overall amortization and operating charges with respect to the network's various segments.
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4.5.2.1 The network's fixed assets and cost structure

The cost structure can be calculated on the basis of information regarding net fixed investment in the network's various segments. The segments considered are international transmission, international switching, national transmission, national switching and the access network. Other investments that cannot be classified according to these four segments are then added.

It frequently happens that this information cannot be drawn directly from the subaccounts in the general accounting records. In this case, a more detailed analysis may be necessary (often requiring inspection in the field): for example, the separation of fixed investment in international switching from fixed investment in national switching, the attribution of fixed investment in technical structures to the various segments, the attribution of fixed investment in electrical‑power equipment to the various segments, and so forth.

The cost structure is indicated by the relative value of net fixed investment in each segment of the network, as a proportion of total net fixed investment.
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4.5.2.2 Charges

The general accounting records provide subaccounts in regard to charges. The following subaccounts must be identified in particular:

a)
Purchases and variations in stock: Purchases of merchandise; purchases of raw materials and associated supplies; purchases of stocks of raw materials and inputs; purchases of packaging; other purchases; variations in stocks of merchandise; variations in stocks of raw materials and associated supplies; variations in stocks of other supplies.

b)
Transport: Transport for purchases other than plant and equipment; transport for sales; transport for the account of third parties; transport of staff; courier and delivery services; other transport charges.

c)
Outside services: Subcontracting; rental, leasing and associated charges; payments on leases and similar agreements; maintenance, upkeep and repair; insurance premiums; studies; research and documentation; advertising; publications; public relations; telecommunication charges; bank charges; intermediaries' and consultants' honoraria; staff training charges; royalties in respect of patents, licences and computer software, and similar charges; sundry subscriptions and financial assistance; payments to outside personnel; other outside charges.


Payments in respect of settlement charges and interconnection charges must not be included because these are exogenous charges.

d)
Taxes (other than income taxes): Direct taxes; indirect taxes; registration fees; tax penalties and fines; other taxes and levies.

e)
Other charges: Losses on accounts receivable from customers and other debtors; share of earnings on joint ventures; cancelled share of earnings in respect of partial execution of agreements covering several fiscal years; accounting values of current transfers of fixed investments; sundry charges.

f)
Personnel charges: Direct remuneration paid to personnel; lump‑sum indemnities paid to personnel; social charges; remuneration and social charges of individual operators; remuneration transferred to outside personnel; other social charges.

g)
Financial and similar charges: Interest paid on loans; interest on leases and similar agreements; discounts granted; other interest (advances received and creditor deposits, blocked current accounts, interest on commercial and sundry debts); discounted commercial paper; exchange losses; losses on transfers of securities; losses on financial risks; financial provisioning charges.


Given that financial charges are a component of the cost of capital, they must be clearly identified so as to prevent any double counting.

h)
Allocation for amortization: Operating amortization; financial amortization (e.g. premium on redemption of securities).

i)
Allocation for provisions: Operating provisions, financial provisions.
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4.5.2.3 Deduction of charges

The charges described in § 5.2.2 may not be generated solely by the telephone service. In that case, non‑telephone charges must be individually identified and deducted. This is generally a straightforward procedure in low‑teledensity networks. However, if difficulties should arise in this regard, a cost deduction factor can be reckoned on the basis of the proportion of non‑telephone revenues (this approximation assumes that prices are cost‑orientated).
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4.6 Traffic data

                         [image: image9.png]Group for Africa (TAF Group) - Case: Cas d'école MEIE

Cost model of the Tari
Fie Edt Help

0= 8| Bl

Data collection for cost calculations [21x]

~Terminal trafic data———— International Transit Traffic ~Costs of marketing ans sales—

b trafic g Service 75128

develoomant

InteoSeg

2131754
117485

Intersban Traffi W10 || pygemm G

Outgoing Sib-reg Traic | SReg>SFeg Advertisement

Tncoming Sb-reg. Trafie: |” SReg = Int

61,760,770 Billig [1017.521

Outgoing Intsmation, Traffic
e - Interconnection Traffic———— 1644118

Inzoming Interiston. Trafic:|°0513.000 Nat Incoring Simple. [17 543330 |
Transi

S of thecpitaln b sl etcenno B =253 | N e e en ceveerin

S G Iternational autgaing  [57 557,030 Pl i [(557767
Internations] Trafic e

National outgoing  [44.489.730
%of the national ranemission
stwork used by the international Intemationalincaming [3250555 | - Other Support Costs:

i af e Copil ey
R e

Specific expenses ————————————————— International activity costs
Provisions for my (e Intermational astivites ollow-up:
customers uncollctbles

Provisions fox local aparators | — Internationsl Accaunting: e
ncollectbles

Provisions o intermationsl — Thind partiesintornational 4804
ncollectbles service costs

=

|| Einbor- icr.| = Servew du .| E)Mocele de...| E}Modtle e .| [ Cost mo || YL BAW DM 1516

st AR EEEEHEERBD





4.6.1 Traffic data required

For the services listed in § 3.1, traffic data must be provided within minutes. It may happen, however, that domestic traffic data are not available within minutes, unlike international traffic (including subregional traffic) which benefits from the international system of exchange of accounts. Interconnection traffic data must also be available within minutes. If such data are not available in a timely fashion, the model must offer one or more ways to estimate the traffic in the domestic service.
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4.6.2 Estimation methods

Where it is necessary to make estimates for missing traffic data, three methods can be used: estimation by extrapolation from observations; estimation based on a matrix of affinities determined from the national traffic matrix; and estimation by revenues generated. To minimize any skewing, the values thus observed must be considered in relation to known traffic values (e.g. outgoing national traffic or outgoing international traffic).

4.6.2.1 By extrapolation from observations

The traffic may be observed by taking data recorded on call tickets over a specific period of time (usually a week). The call tickets must show the number of the calling party, the number of the called party and the duration of the call. The point‑to‑point matrix determined from these data is used as the basis for extrapolation.

4.6.2.2 By affinity matrix

If it is not possible to observe the traffic by means of call tickets, a traffic matrix in busy‑hour erlangs may be used to determine coefficients of affinity which are then considered in relation to outgoing national traffic or outgoing international traffic. However, this method is not as precise as the method described in § 6.2.1.
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4.6.2.3 By revenue generated

If the international traffic and the interconnection traffic are known in minutes, it is also possible to take advantage of the fact that the turnover for billed traffic includes revenue from the following sources: domestic traffic, outgoing international traffic and outgoing national traffic. If the average price per minute and the volume of outgoing traffic are known, the turnover for domestic traffic can be determined.

From analysis of the matrix of national traffic and internal exchange traffic, the distribution of domestic traffic between local (urban) traffic and trunk (interurban) traffic can be determined.
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4.7 Cost attribution of components

The following diagram illustrates the attribution of costs:
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Figure 2

Cost allocation diagram

The steps in the cost attribution process are as follows:

a)
Attribution of general support costs (other functions)


Following the principles of activity‑based costing, part of the costs common to both commercial and technical functions is indirectly attributed. The part that cannot be attributed in this way is held for subsequent attribution to services. 

b)
Attribution of the cost of associated functions (commercial functions)


Certain costs recorded at the commercial level may be attributed to network segments (e.g. international transit charges paid to third parties are attributed to the cost of international transmission). Other commercial charges, after the portion corresponding to non‑telephone services is removed, are attributed to services according to their particular nature (e.g. the costs of billing and after‑sales service are attributed to the operator's outgoing subscriber calls - in other words, to the local (urban), trunk (interurban), outgoing international, outgoing subregional and outgoing national services).

c)
Attribution of the cost of network segments


The cost of network segments is attributed to services, pro rata, on the basis of equivalent traffic (see: 7.1.1).

If:


Ej
is the network segment having rank j


Cj
is the cost of the network segment having rank j


Ti
is the traffic for the service having rank i among those using the segment Ej

Tj
is the total traffic travelling on the network segment having rank j

Then:

The part of the cost of the segment having rank j attributed to the service Si is indicated by the relationship
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and the network's share of the cost of the service Si is therefore equal to: 
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4.7.1 Geographical correction

4.7.1.1 Justification

The costs of the network's various segments are attributed to services on the basis of relative traffic. Because there are different economies of scale between the capital and outlying areas, the unit cost of traffic with respect to a particular piece of equipment is higher if that equipment is installed away from the capital.

The geographical correction coefficient enables this skewing to be corrected by basing the aforementioned attribution on equivalent traffic rather than on actual traffic.

The equivalent traffic for a given service is reckoned as the actual traffic multiplied by the geographical correction coefficient.

4.7.1.2 Determination

The services subject to geographical correction are those relating to outlying areas.

Let Cc be the reference cost in the capital, and Tc be the traffic in the capital;

Let Cp be the reference cost in the outlying area, and Tp be the traffic in the outlying area;

Let Tep be the equivalent traffic in the outlying area and Γ be the geographical correction coefficient.

To eliminate any skewing in the attribution of costs in respect of network segments, the following relationship must be verified:
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This implies that:
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Now, by definition:



Tep = (*Tp
Thus
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And hence, the geographical correction coefficient:
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In practice, the switching costs in the capital and in outlying areas will be used. The individual internal traffic matrices for the exchanges give the total traffic for each exchange (local, transit, incoming, outgoing).

4.7.2 Direct costs

There should be no difficulty in associating direct costs with the corresponding services.

4.7.3 Indirect costs

4.7.3.1 Network costs
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4.7.3.1.1 Amortization

The amortization in question is operating amortization. The network segments as described above (§ 3.2) are the main source of annual provisions for amortization. Nevertheless, the enterprise needs to invest in its other functions (e.g. computers necessary for the management information system) in order to carry on its activities. These fixed investments need to be taken into account as well.

4.7.3.1.2 Adjustment to current costs

In so far as possible, the operator must endeavour to take current costs
 into account, within the limits set by national tax legislation. By the same token, allowance must be made for currency depreciation when reassessing assets.

Example:

An item of equipment is purchased for 10 million in year 0.

The equipment is subject to linear amortization over 10 years.

However, its market price drops by 8 per cent each year.

The amortization allowance in year 2 will be:

10 000 000 × (1 – 0.08)2/10 = 846 400 instead of 1 000 000.

Important: To take account of falling currency rates, assets may be reassessed in a stable international currency such as SDRs. The resulting amount is converted into the local currency using the average exchange rate for the year.

When all the costs are expressed in local currency, the amount of the adjustment of current costs can be estimated using the following formula:
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where:


ACC
is the adjustment to current costs


AMO
is the amortization allowance


(
is the average annual growth rate in the price of equipment


(
is the average annual rate of currency depreciation
 


D
is the amortization period.
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4.7.3.1.3 Taking account of the amortization period

The amortization period in accounts is governed by a policy that is rigorously monitored by government authorities. However, when the cost of services is being determined, the actual amortization period may need to be adjusted vis‑à‑vis the amortization period for accounting purposes. The effect of such an adjustment is twofold:

a)
The annual provision for amortization will have to be adjusted accordingly; and

b)
The figures for net fixed investment will also have to be corrected.

4.7.3.1.4 Rental of outside networks

The international network is often accessed through shared technical infrastructure such as the INTELSAT network or international submarine cables. In the case of a direct link between two operators, the system of cost sharing on the basis of half‑circuits is applied, and the costs of circuit leasing are then taken into account. If there is no direct link, the connection is done on a transit basis via a third party. Transit costs must be taken into account in just the same way as circuit leasing costs.

Important: In no case should settlement charges paid to operators for terminal traffic be taken into account.

4.7.3.1.5 Operation and maintenance

As a rule, information on operating and maintenance charges can be obtained through field visits. By and large, these charges consist of personnel costs and the cost of inputs. As a first approximation, the model attributes total operating and maintenance charges to the various segments on the basis of the cost structure if the accounting system does not permit otherwise. This apportioning must be adjusted, however, when particular costs have been determined.

4.7.3.2 Functional support costs

4.7.3.2.1 Technical support

Certain technical costs must be added to network operating and maintenance charges, particularly the cost of engineering work and studies where these functions are performed by the enterprise itself. (Where these functions are performed by service providers outside the enterprise, in the context of managing a project for example, the associated costs are considered fixed investment, in just the same way the project itself.)

4.7.3.2.2 Commercial support

Charges in respect of commercial support are marketing expenses, including:

a)
Costs incurred for commercial studies in connection with the introduction of new telephone products.

b)
Costs in connection with the sale of telephone services, incurred at the point of sale.

c)
Advertising costs.

d)
The cost of the commercial information system and billing system, plus the cost of after‑sales service.

4.7.3.3 Cost of capital

[image: image136.wmf]n

n

C

C

1

0

1

÷

÷

ø

ö

ç

ç

è

æ

-

=

e

[image: image23.png]Fie Edt Help

MEIE

D& 8| Bl

Data collection for cost calculations

Network cost data

Depreciation.

Cunent Cast
Adstmant

Operation and
msintemance costs

TOTAL

Depreciation delay

Real

Convenad

338553

53,395

[412616

52008

i

i

[F70413

[10252

443534

528 240

i

i

[3831.185

[1720088

4643532

5600754

i

i

3432140

[1003.455

[4765.251

600,756

i

i

5602728

1637 958

6753473

14040154

[13576.455

ther depreciations

317812

[3585.152
Het fxed s

[16.476.412

sets

123750500

[34.022.023

i

i

Other cost data

Intercomnection |E1
chasee

LMT Dabts

Installd

44,345 480
capaity

I35] Extension dalay
B

Weighted Average
interst ate %41

Expected Ratumon.
Emity (RoE);

Emity

Corgoration Tax (%)

[124575.200 Capacity in
T

0%

113603

Lines in e smumal
e

=

st AR EEEEHEERBD

| Blinbor-... | & Serveu .| @]Model...| EModble .| [ Cost

Pievious

Validate

| D 1547




The cost of capital is taken as an overall figure for all telephone services as a whole. The before‑tax cost of capital is expressed as the following relationship:
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where:


D
is the amount of medium‑ and long‑term debt


E
is equity


i
is the average interest rate


σT
is the before‑tax return on capital.

Consequently, the after‑tax cost of capital is expressed as the relationship:
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where:


τ
is the rate of profit tax


σ
is the after‑tax return on capital.

To neutralize the effect of taxes on the real costs of services, the second relationship is used.

For tariff purposes, this is applied with respect to the total amount of net fixed investment in order to determine the absolute value of the cost of capital.

4.7.3.3.1 Average rate of interest

The average rate of interest can be determined by calculating the weighted average value on borrowings during the previous five years. For tariff purposes, it is preferable to use the evolution of the money rate on the international market in the telecommunication sector, and to take into account the risk factor for the country in question.

4.7.3.3.2 Return on capital

The after‑tax return on capital can be calculated on the basis of net earnings, using the following relationship:
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where:


B
is the net profit


E
is equity.

For tariff purposes, it is preferable to use the evolution of the rate of return on capital on the international market in the telecommunication sector, and to take into account the risk factor for the country in question.

4.7.3.4 Taking into account the monetary erosion in the determination of interest rate and equity return in local currencies

When the loans are carried out in hard currencies with their associated interest rates, and if the local currency undergoes significant evolutions in regards to SDR (see calculation of monetary erosion), the average interest rate considered in the calculation of the costs must be corrected to reflect this situation.  It is the same for the return on equity when based on the international market.

Ultimately, it is a question of applying an inflation risk factor on the cost of capital.

The formula below makes it possible to calculate the interest rate " i " taking into account the risk of inflation according to various parameters:
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where:


n
=
average duration of the loans


ε
=
compound average value of annual monetary erosion


iF 
=
annual interest rate free of inflation risk

For the determination of the Return on Equity in an inflationary environment, one considers that the difference between i and iF is exclusively ascribable to the market and represents the for risk premium. 

Then: 
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Where


σF
=
return, free of inflation risk, required for the market

Example:

This telecommunication services provider borrows on the international market at the interest rate of 8.5% over 10 years.  In addition, the international shareholders discount a return on equity of 13.5% in hard currencies.  But the currency of the country loses 7.5% of its value every year.

Then the calculation of the costs in local currency will take into account the following rates: 18.68% and 23.68% for the interest rate and the return on equity respectively.

4.7.4 Common costs

Common costs are those which are associated with the general structure of the enterprise, and have no direct causal functional relationship to services. These costs are borne equitably by all the services that the enterprise offers, including non‑telephone services. By and large, these costs pertain to functions such as general management and administration, finance and accounting, human resources, supplies and logistics, the management information system, and so forth.

4.7.5 Special costs
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Certain costs must be dealt with in a particular way because of their relative importance, and must be apportioned in the fairest way possible. This is particularly the case with respect to the following:

a)
Provisions for doubtful balances owed by subscribers: These are attributed to outgoing subscriber calls.

b)
Provisions for doubtful balances owed by local operators: These are attributed to termination and transit services provided to local operators.

c)
Provisions for doubtful balances owed by international operators: These are attributed to termination and transit services provided to international operators.

d)
Charges incurred for managing relations with operators (distinguishing between local and international operators): These are attributed to all types of calls with operators of the kind in question.

e)
International services provided by third parties (e.g. leasing of circuits on satellite systems or submarine cables, maintenance and right‑of‑way agreements, paid transit, etc.): These are attributed to international transmission.

f)
National transit offered by local operators: These are attributed to national transmission.
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4.7.6 Spare capacity and inefficiency costs
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Operators must verify that idle capacity is not the result of an inefficient use of resources. To this end, they must ensure that all available capacity is used within a period compatible with good replenishment practices.

If:


λ
is the compound annual rate of growth


K0
is the current capacity


N
is the appropriate replenishment period


K
is the spare capacity

Then inefficient capacity is given by the following expression:
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If K' is positive, the corresponding cost share is deducted from the cost of K0 + ΔK.

If K' is equal to zero, there is no idle capacity.

If there is idle capacity, the corresponding investment cost must be reduced by K'/(K0 + ∆K).

Example:

A network has a total capacity of 200.

There are at present 150 subscribers.

The compound annual growth rate in the number of subscribers is 15 per cent.

The replenishment period is three years.
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= 0, and there is no idle capacity.

If the growth rate were 5 per cent, this would result in K' = 26.36, in which case the cost would have to be reduced by 26.36/200 = 13.18 per cent to take account of the idle capacity.

                                   [image: image34.png]3% Adjusted Costs. [x]

International Tranemisson: Cmmerdian

Internationsl Swit

Intermat Toan

Rston| | A 0 ) @ B





4.8 Cost of services

The costs calculated at this stage are different from tariffs in that they do not include any components specific to tax policy or to State policies with respect to universal service obligations.

They cannot be compared directly with the tariffs in effect.

Nevertheless, these costs are the basis for all further calculations that will lead eventually to the determination of tariffs that are cost‑orientated and tariffs that are cost‑based.
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4.8.1 Telephone services cost

With costs being attributed to services as indicated above, the unit cost for each service is defined as being equal to the total cost of the service divided by its actual traffic.

4.8.2 Interconnection costs

With costs being attributed to services as indicated above, the unit cost for each service is defined as being equal to the total cost of the service divided by its actual traffic.

4.8.3 Network components cost

The unit cost of each network segment is determined by dividing the consolidated value for the segment after step 2 of the attribution process by the traffic Tj.

Recommendation D.140 requires that the contribution of the different segments to the cost of an incoming international call be given; accordingly, the calculation can also be done at the level of this service.
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4.8.4 Reference (benchmark) costs

The TAF model provides for a "client‑server" structure in order to be able, among other things, to generate reference values for costing services in real time. 

The costs of services calculated as indicated above, as well as other useful data, are encrypted and forwarded, if the operator so desires, to a database that can be accessed using the TCP/IP protocol.

This database calculates the weighted averages of default values for the cost structure and weighted averages of service costs. The latter operation is also done for the 10 best costs for each service.

The information on the weighted averages of service costs is sent back for comparison.

NOTE - Because the use of a server requires the standardization of monetary units, the cost data transmitted to the server are automatically converted into SDRs before sending, and the cost data produced by the server, expressed in SDRs, are automatically converted back to the national unit of currency before being displayed.
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4.9 Profit tax

Profit tax is one of the factors that needs to be taken into account, in addition to costs, in setting tariffs. The amount of profit tax must be calculated and attributed to the services offered, pro rata with respect to turnover, on the basis of costs.

If:


σT
is the before‑tax return on capital


σ
is the after‑tax return on capital


τ
is the rate of profit tax


E
is equity


Φ
is the amount of profit tax

Then gross profit is expressed by the following relationships:
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Hence the absolute value of profit tax is:
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4.10 Universal service obligations

4.10.1 Definition

Universal service obligations encompass the following requirements:

•
Availability of services everywhere, all the time.

•
Accessibility of services to all segments of the population (e.g. persons with disabilities).

•
Affordability of services to the poorest segments of the population

In developing countries, the requirement of accessibility seems to be of lower priority, given that individual needs are not yet generally met for the population as a whole.

The requirements of availability and affordability, however, have high priority. They make it necessary for infrastructure to be installed (even in unprofitable geographical areas), while at the same time requiring that tariffs be kept low for domestic services.

4.10.2 Contributions to universal service

Contributions to universal service on principle required in order to defray charges associated with the requirement of accessibility. These contributions are usually expressed as a percentage of turnover.

If:


(USO%
is the contribution percentage


Φ
is the profit tax
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 is the unit cost for the service Si

Ti
is the traffic for the service Si
Then:
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Access deficit

The requirements of availability and affordability are closely tied to the use of the network. If the authorities oppose the rebalancing of tariffs, these requirements will lead to an access shortfall that must be made up on an equitable basis by all operators using the network in question.

The costs of idle capacity due to inefficiency must be excluded from the access shortfall.

Before calculating the access shortfall, one key fact must be taken into consideration. The subscribers of the operator concerned bear only the charges for local lines and subscription rentals. These payments must be allocated (in advance) to the services offered to them – i.e. local (urban), trunk (interurban), outgoing international, outgoing subregional and outgoing national services – and must be deducted from their cost.

These payments can be estimated by means of the following relationship:
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The amount PA can be allocated at the unit price for the services in question according to the relationship:
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where:


Tsi
is the traffic for the service having the rank i among the seven services listed above


Csi
is the unit cost for the service having the rank i among the seven services listed above.

Consequently,
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The access shortfall is therefore given by the following relationship:
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where:


IneffDom
is the portion of domestic traffic included within inefficiency costs, if any exist


TURBAN
is local (urban) traffic


PURBAN
is the current price of local (urban) traffic.

4.11 Cost‑orientated tariffs
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4.11.1 Attribution of profit tax

Profit tax is attributed to all the services offered, pro rata with respect to turnover, on the basis of costs.
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4.11.2 Attribution of universal service obligations

4.11.2.1 Contribution to universal service

The contribution to universal service may take the form of an amount paid into a fund. Depending on national policies in this regard, such contributions may or may not be reflected in tariffs. If they are reflected, they are distributed amongst the various services, pro rata with respect to turnover, on the basis of inherent costs.
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4.11.2.2 Access deficit

The access deficit must be attributed to all "m" services that are not subject to price constraints on the part of the authorities – in other words, all services except local (urban) and trunk (interurban) services.
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The tariffs determined according to the process described above are not balanced, as a rule, because the decision by the authorities causes urban and interurban communications prices to be below costs. The tariffs are cost‑orientated, however.

4.12 Cost‑based tariffs

To obtain tariffs based on costs, the tariffs have to be rebalanced.
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4.12.1 Tariff rebalancing

Tariff rebalancing consists of gradually eliminating the access shortfall. This can be achieved by adjusting several variables: 

•
Increasing the prices for local (urban) and trunk (interurban) services.

•
Increasing monthly subscription charges.

•
Increasing the local line charge (limited impact).

•
Obtaining a multi‑year subsidy to offset the cost of universal service obligations (unlikely in significant amounts).

4.12.2 Considerations with respect to elasticity

The costing model makes it possible to calculate costs and to derive tariffs from them. Nevertheless, a sudden change in tariffs may be expected to have an impact on traffic demand, which will in turn affect costs and tariffs. Several iterations may be necessary to locate the point at which tariffs stabilize. Accordingly, the consideration of elasticity lies beyond the scope of this paper.

4.13 Consideration of exogenous costs

The costs and tariffs calculated according to the procedure described in this paper are endogenous: in other words, they do not include settlement charges (for outgoing international calls) or interconnection charges (paid to other local operators). To determine the tariffs and charges applicable to the caller, exogenous charges of this kind must be added to the endogenous tariffs so as to form a coherent whole.

______________

5 Annex 3:

TAF Group

Cost Methodology for the TAF Group applicable 
to the International Automatic Telephone Service

5.1 Purpose and scope of Recommendation D.600R

Recommendation D.140 adopted by ITU-T lays down the requirements for moving towards cost orientation in bilateral negotiations on accounting rates between international correspondents.

The lack of a universally accepted cost model and the differences in countries’ capacity to collect and process basic data make it necessary to work out costing methods adapted to the ability of those who use them to provide the relevant information.

This recommendation assumes that the entity applying it may have an incomplete system of analytical cost accounting, or no such system at all.

This recommendation provides African administrations and/or recognized operating agencies, in their international relations among themselves or with others, with a tool able to serve as a transparent reference to ensure non-discrimination and cost orientation in the rates they apply.

5.2 Technical and operational context

5.2.1 Type of services

This recommendation applies to the automatic international telephone service. It must be an aid for determining traffic termination costs in case the amount of a settlement rate or a termination charge has to be set. Furthermore, in order to provide a basis for tariff rebalancing, it also helps in determining indicative costs for domestic services.

5.2.2 Type of networks

No distinction is made between the different transmission media, on account of their convergence to optical fibre and satellite.

Nevertheless, in order to distinguish between neighbouring international traffic (routed over terrestrial transmission routes either side of borders) from overseas international traffic (via satellite and submarine cable), the recommendation draws a distinction between subregional traffic and international traffic.

5.2.3 Cost model

The TAF Group adopted following guiding principles for the development of its cost model:


Transparency:

The open availability of information used in the cost derivation process in order to allow comprehension of the final rate from the vantage point of an external analyst. The TAF model identifies costs relating to the different network segments in order to apportion the network cost to the different services according to the proportion in which they utilize each segment. This proportion is given by the relative traffic level.

Practicability:

The ability to implement a costing methodology with reasonable demands being placed on data availability and data processing in order to keep the costing exercise economical, yet still useful. The TAF model must be made available in the form of a user-friendly computer application with total flexibility in setting the parameters so as to be able to be adapted to the specific situation of TAF Group members in terms of availability of data. The whole glossary must be accessible online.

Principle of causality:

The demonstration of a clear cause-and-effect relationship between service delivery on the one hand and the network elements and other resources used to provide it on the other hand. For the TAF Group, any network segment which, if eliminated, would prevent delivery of a given service has to be included as one of the cost components of the service. The proportion in which this network segment contributes to the cost of the service is a function of the relative use of that segment by the service in question. This use is measured by traffic level.

Principles of efficiency

The provision of a forecast of cost reductions that result from a more efficient combination of resources. For the TAF Group, efficiency takes account of four factors:

· installed capacity;

· utilized capacity;

· minimum reorder times;

· compound annual growth rate in total number of lines used.

Reasonable contribution to common costs

Costing methodologies should provide for a reasonable contribution to common costs. The TAF model apportions general support costs to all services in proportion of their levels of traffic.

Present value of costs

Amortization costs are re-adjusted to their current replacement value.

The TAF model takes account of two factors:

1) weighted mean growth rate of equipment prices in the country of the network operator;

2) currency depreciation in the country of the network operator.

Objectivity

The TAF model is based on a common understanding of the meaning of each of its parameters. The results obtained should not depend on the correspondent in the negotiations, unless it is possible to establish with certitude the specific features of the relation in question.

For the purposes of costing the telecommunication services they offer, for the application of international accounting arrangements, the administrations of the TAF Group member countries have agreed to use among themselves the cost model described in the annex to this recommendation. They recommend the other regional groups to consider it as acceptable.

5.2.4 Calculation tool

The principles adopted in the TAF Group model can be computerized in order to help satisfy the following three requirements:

a) costing of services;

b) real-time generation of reference values for costing services;

c) provision, for those having insufficient data, of default values for the cost structure of the different network segments. 

The TAF Group computer model would be an autonomous “client-server” type application.

5.3 Annex: TAF Cost Model

5.3.1 Introduction

The Regional Tariff Group for Africa (TAF Group) adopted the principles of its cost model on 24 April 1999 in Dakar, Senegal.  The model is based on the general concepts set forth in Recommendation D.140.  In view of the applicability requirement, due consideration was given to regional specificities and to the need for a transparent tool that was acceptable to other regions.

5.3.2 Area of application

The TAF model is designed to calculate the cost of a one-minute automatic international telephone call. It allows for the fact that the costs of outgoing and incoming calls are not made up of the same elements and may therefore differ.

In order to distribute the costs fairly among the different services generating them, the model also provides for the identification of international subregional traffic
 and of cross-border traffic
 if required. 

5.3.3 Particularities

Cost accounting
Although substantial progress has been made, the use of cost accounting is still not widespread among the members of the TAF Group. This makes it difficult if not impossible to identify all cost elements in detail and limits the applicability of certain concepts of cost calculation.

Low teledensity
The members of TAF Group generally have a teledensity of less than two main lines per 100 inhabitants. This has direct consequences on cost structure (distribution between fixed and variable elements) because telecommunication system components are modular and the conditions imposed by the market are such that these modules can be extended only at levels far exceeding the real needs of developing countries.

Furthermore, the combination of low teledensity (and therefore low traffic volume) and unavoidably inappropriate modularity makes it difficult to use traffic variations as the sole basis for determining the origin of costs.

Substantial increase in the number of subscribers

All TAF Group members have noted a substantial annual increase in the number of subscribers. This obliges them to have spare capacity that makes allowance for the long delivery deadlines caused by the absence of a local telecommunication equipment manufacturing industry and the scarcity of own resources for investment. The notion of efficiency must, in these cases be looked at realistically. 

Low cost of labour
The cost of labour, which is very low in most TAF Group countries in comparison with other parts of the world, is likely to rise.

5.3.4 Approach to cost calculation

Liberalization
While most of the TAF Group countries have embarked on or foresee the liberalization of the telecommunication sector, this is not yet a fact of life; in almost every case States which have ceased to operate telecommunication services have granted the new operator exclusive rights for a specified period of time. As a result, companies have not been encouraged to set up cost-management structures that are not required for the market in which they operate.

For the determination of costs it is necessary to take account of regional particularities while remaining within the framework of Recommendation D. 140.

5.3.4.1 EFDC 

The TAF model is based a priori on enhanced fully distributed costs (EFDC). However, members with a suitable cost accounting system and a high volume of traffic may wish to adopt another approach to the network components whose cost changes with the volume of traffic.

5.3.4.2 Cost of other activities

In applying the TAF model, costs that are unrelated to the telephone service are neutralized. Those linked directly to the operation of other networks (e.g. telex, data transmission, etc.) are usually easy to single out.

Where costs are shared, they are easily distributed using cost apportionment methodologies such as ABC
. Those members (the majority) to whom such methodologies are not available can resort to ad hoc monitoring of representative samples. 

Where such monitoring is not possible, costs can be apportioned using various  rules of thumb such as the directly attributable share of the cost, proportion of turnover, proportion of the workforce, etc.

5.3.4.3 Amortization

Amortization is an important cost element. Today, the length of time it takes to write off investment in telecommunication equipment depends more on the equipment’s rapid obsolescence than on its theoretical useful life. This state of affairs affects TAF members all the more in that they have no local manufacturing industry.

A ten-year amortization period for telecommunication equipment seems reasonable today.

Members who keep detailed accounts of their fixed assets and can therefore assess each item individually, will have no difficulty in making the necessary tariff adjustments.

If the accounts contain aggregate information only, the average amortization period for a given technology (e.g. international transmission) can be estimated by dividing net fixed assets
 by the annual amortization allowance. 

	Average amortization period =
	Net fixed assets

	
	Annual amortization allowance


Example: 
Net fixed assets: 876



Desired amortization period: ten years



Annual amortization allowance: 100



Average amortization period: 876/100 = 8.76 years



Corrected amortization allowance: 100* 8.76 / 10 = 87.6

5.3.4.4 Current costs

As far as possible, members should try to take into account current costs
, within the limits set by national tax legislation. By the same token, allowance should be made for currency depreciation when reassessing assets.

Example:
An item of equipment is purchased for 10 million in year 0.



The equipment is subject to linear amortization over ten years.



Its market price drops by 8 per cent each year.



The amortization allowance in year 2 will be: 




10 000 000 * (1-0.08)(/10 = 846 400 instead of 1 000 000
Important: To take account of falling currency rates, assets may be reassessed in a stable international currency such as SDRs. The resulting amount is converted into the local currency using the average exchange rate for the year. 

When all the costs are expressed in local currency, the amount of the adjustment of current costs can be estimated using the following formula:



ACC=AMO*((1+()D/2 /(1-()D/2 –1)

where:

ACC = adjustment to current costs

AMO = amortization allowance

( = average annual growth rate in the price of equipment* 

( = average annual rate of currency depreciation

D = amortization period

5.3.4.5 Spare capacity

Members must show that idle capacity is not the result of inefficient management of resources. They must therefore ensure that all available capacity is used within a period compatible with good reorder conditions. 

If ( is the compound annual growth rate, K0 the current capacity, N the appropriate reorder period and (K the spare capacity, the amount of idle capacity can be calculated as follows: 





K’= Max(0 ;(K - K0*[(1+()N-1])
If K’ is positive, the corresponding cost share is deducted from the cost of K0+(K.

If K’ is equal to zero, there is no idle capacity.

If there is idle capacity, the corresponding investment cost must be reduced by K’/(K0+(K).

For example: 

A network has a total capacity of 200.

There are at present 150 subscribers.

The compound annual growth rate in the number of subscribers is 15 per cent.

The reorder period is three years.

Then K’= Max(0;50-150*[(1+0.15)**3-1]) = 0, and there is no idle capacity.

A 5 per cent growth rate would have produced K’ = 26.36 and the cost would have to be reduced by 26.36/200 = 13.18 per cent to take account of the idle capacity.

5.3.4.6 General support activities

Certain costs are related to the company’s general activities and cannot be apportioned on the basis of objective criteria of cause and effect to the services offered by the company. They comprise inter alia the costs incurred in the following activities: 


· top management and related activities;

· human resources management;

· administration of the information management system;

· financial and accounting management;

· general administration, procurement and logistics.

5.3.4.7 Functional support activities

Other costs concern service-related activities and may be classified as follows: 

1) organizing the offer of services;
2) customer access to the offer of services;
3) management of the consumption of services.

The costs arising from those activities comprise inter alia : 

	Category
	Activity
	Attribution

	Organizing the offer of services
	Identification of service opportunities and market studies 
	Services

	
	Tariffs
	Services

	
	Network and studies development
	Networks

	Customer access to the offer of services
	Management of the distribution circuit
	Services

	
	Advertising
	Services

	
	Network connection
	Networks

	Management of consumption of services
	Technical operation and maintenance
	Networks

	
	Billing and collection
	Services

	
	Business information system
	Services


5.3.4.8 Networks

Operator’s network: The operator’s network has three parts: 1) transmission infrastructure;  2) switching infrastructure; 3) access infrastructure. 

For the purposes of the model, the accounting system should show the costs of the following network elements:

· international transmission; 

· national transmission;

· international switching;

· national switching; 

· access network.

The cost elements listed below must be taken into account for each of the network elements listed above:

· amortization of investments (telecommunication equipment, buildings, power and auxiliary plant, structural investments);

· reserves for recalculation of assets;

· operating and maintenance costs;

· financial and capital costs;

· taxes and duties on assets.

Third-party networks
If the network operator has signed interconnection agreements with other local operators, the interconnection charges are added to the cost of incoming calls.

5.3.4.9 Services

5.3.5 Cost components

Costs attributable directly to services may result from the apportionment of functional support costs.

5.3.5.1 Direct costs

In accordance with Annex 1 to Recommendation D.140, direct costs are those that are directly and unambiguously attributable to the international service. They include:


· the costs of the international network (see § 4.8: Networks);
· business activities relating exclusively to international traffic;
· services provided by third parties in connection with the international service (leases, direct transit, etc.).
5.3.5.2 Indirect costs

Certain support costs can be identified objectively and charged to the international service. They include:

· processing of traffic data for international accounting purposes;

· keeping the accounts of submarine cable maintenance agreements, where applicable.

5.3.5.3 Common costs

Common costs are made up the following elements:

· the costs of investment and of running the operator’s national network (see §4.8: Networks);

· interconnection costs;

· general support costs; 

· functional support costs that are not directly attributable to the international service;

· taxes on corporate assets 

5.3.6 Distribution of costs

5.3.6.1 Direct costs

Direct costs are attributed directly to the international service.

5.3.6.2 Common costs

The costs relating to the national network (including interconnection costs) are distributed among the different services in proportion to each service’s share of traffic.

General support activity also concerns “other activities” (see §4.2: Cost of other activities). The “ABC” method applied continuously or by sampling (in time and/or space) could be used to allocate a part of the costs to services; the unallocated part would be apportioned on the most rational basis possible.

The costs of certain functional support activities can be charged to the services, whereas others have to be included among the network element operating and maintenance costs. The “ABC” method applied continuously or by sampling (in time and/or space) could be used to allocate a part of the costs to services; the unallocated part would be apportioned on the most rational basis possible.

Corporate tax costs are distributed among the different services proportionately to each service’s share in the company’s assets.

5.3.6.3 Exceptions

The following services are identified in the cost model: 

· outgoing international calls;

· incoming international calls;

· local calls;

· trunk calls.

The costs of billing subscribers are not charged to incoming international traffic.

Reserves for international claims are not charged to national traffic or to outgoing international traffic. 

Reserves for national claims are not charged to incoming international traffic.

5.3.7 Data required

The model requires three types of information: traffic data, cost data and management data.

5.3.7.1 Traffic data

Local traffic
This is the volume of traffic exchanged annually within one locality. The percentage of local traffic generated in locality(ies) with an international transit exchange must be identified. In localities with only one switching exchange, all traffic will be local; in those with two or more exchanges, the infrastructure for transmission between local automatic exchanges (local transmission) is included in the access network.

Trunk traffic

This is traffic between different localities using national transmission media. Cross-border traffic is treated as trunk traffic.

Subregional traffic (incoming and outgoing) 

This is the traffic exchanged between the national operator’s network and the networks of operators in neighbouring countries using national transmission media as far as territorial borders.

International traffic (incoming and outgoing)
This is international traffic routed over transmission infrastructure set aside for international calls. Where international traffic also uses national transmission media, the proportion of the national transmission infrastructure used should be identified.

These traffic figures can be obtained:

a)  by processing the call tickets collected in an “ordinary” week at independent routing exchanges (including the CT for incoming international/subregional traffic);

b)  by drawing up estimates using a mutually agreed methodology, knowing that subregional and international traffic figures are generally easy to obtain from international transit exchanges.

5.3.7.2 Cost data

5.3.7.2.1 Direct costs

· International transmission network

· International switching network

The ease (or difficulty) of obtaining information on the costs of these two network elements depends on the accounting system used by the operator. The following should be distinguished under each heading:

- Amortization - The amounts to be written off annually are generally determined by the accounting system; where the system does not provide this information, it should be possible to reconstitute investments by consulting the contracts signed. Over and above telecommunication equipment proper, power and auxiliary plant, buildings and other investments should also be taken into account.

- Recalculation of assets - Operators may find themselves in one of the following situations: 
1) non-renewal of fully amortized equipment;  
2) amortization in unstable or fluctuating local currency;
3) inhabitual amortization period;
4) failure to allow for changes in the market price of equipment. 
For any if these reasons the need may arise to recalculate assets (current cost) and to amortize them over an acceptable period (for example, ten years), using a method that accommodates changes in market prices (for example, a sliding scale).

- Operational and maintenance costs - Essentially, these comprise the wage bill and intermediate consumables (including electric power and water, tools and small items of equipment).

· Capital costs - Investment may be secured either by putting the company into debt of by raising capital. The expected return on investment and the interest rate on loans should therefore be taken into account when calculating net fixed assets. The operator may determine the overall cost of capital by calculating the following weighted average:   
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 EQ Where: Ke = cost of equity capital, E= Amount of equity, D=Amount of debt capital Kd = before tax cost of debt, t=Tax on company’s profit.

The cost of capital in absolute terms is obtained by multiplying the net fixed assets by CC. Calculated in this way, the cost of invested capital does not inflate the financial costs. 

- Taxation of assets - If the operator’s assets are taxable annually under the prevailing legal system, the amount of such tax should be included in the annual costs.

· Business activities relating exclusively to international traffic - These are the costs involved in maintaining relations with international correspondents for negotiating settlement and transit rates, international accounts, collection of balances, etc.

· Services provided by third parties in connection with the international service - These include the leasing of international circuits, the negotiation and settlement of charges relating to international maintenance of submarine cables, transit rates, etc.

5.3.7.2.2 
Indirect costs

· Processing of traffic data for international accounting purposes. This set of costs includes: 
1) data collection system (e.g. magnetic tapes and tape decks);
2) processing software; 
3) a share of computer costs;
4) a share of human resources; 
5) a share of the intermediate consumables used by the data processing structure.
Failing a more accurate method, costs may be allocated according to the following rule of thumb: cost elements are shared among the different software programs used be the computer department, and the cost of the international accounting software is taken into account.

· The cost of certain functional support activities, such as the administration of submarine cable maintenance agreements, can be broken down as objectively as possible and charged in part to the international service.

· Members should identify the costs arising form the activities listed in §4.7 (functional support activities) so that a share of them can be included among the international service costs. Generally speaking, the following approach could be adopted: 

	Activity
	Attribution

	Identification of service opportunities and market studies
	100 % to the national services

	Tariffs (tariff studies)
	Pro rata to services, on the basis of traffic

	Network studies and development
	Intangible assets should be distributed among the network components as accurately as possible; in order to update infrastructure costs, the related amortization costs should be reassessed each year, all else being equal, unlike tangible assets

	Administration of service sales points
	Pro rata to services, on the basis of traffic 

	Advertising
	Pro rata to services, on the basis of traffic

	Connection to the network
	100% to the access network

	Technical operation and maintenance 
	X% to the national network (after deduction of the international costs referred to under § 7.2.1: Direct costs)

	Billing and collection 
	100% to the national telephone services

	Business information system
	Pro rata to services, on the basis of traffic


5.3.7.2.3 Common costs

Common costs comprise national extension network costs, interconnection costs and unattributable support costs. 

· National extension - The components to be taken into consideration are: 1) national switching;  
2) national transmission;  3) access network. In each case, the following should be distinguished: 

- Amortization - The amounts to be written off annually are generally determined by the accounting system; where the system does not provide this information, it should be possible to reconstitute investments by consulting the contracts signed. Over and above telecommunication equipment, proper, power and auxiliary plant, buildings and other investments should also be taken into account. 

- Recalculation of assets - Operators may find themselves in one of the following situations: 
1) non-renewal of fully amortized equipment; 2) amortization in unstable or fluctuating local currency; 3) inhabitual amortization period; 4) failure to allow for changes in the market price of equipment. For any of these reasons the need may arise to recalculate assets (current cost) and to amortize them over an acceptable period (for example, ten years), using a method that accommodates changes in market prices (for example, a sliding scale).

- Operational and maintenance costs - Essentially, these comprise the wage bill and intermediate consumables (including electric power and water, tools and small items of equipment).

- Capital costs - Investment may be secured either by putting the company into debt or by raising capital. The expected return on investment and the interest rate on loans should therefore be taken into account when calculating net fixed assets. The operator may determine the overall cost of capital by calculating the following weighted average: 
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Where : Ke = cost of equity capital, E = Amount of equity, D = Amount of debt capital


Kd = before tax cost of debt, t=Tax on company’s profit

The cost of capital in absolute terms is obtained by multiplying the net amortized figure by CC. Calculated in this way, the cost of invested capital does not inflate the financial costs.


- Taxation of assets - If the operator’s assets are taxable annually under the relevant legal system, the amount of such tax should be included in the annual costs. 


· Interconnection charges - If calls carried over the operator’s network are to terminate on the networks of other national operators within the same national boundaries, remuneration of such third parties will constitute an extra cost to be added to the access network costs.

· Unattributable support costs - These should be distributed as accurately as possible, a fairly feasible proposition if the operator is using the “ABC” methodology; otherwise, as many of these costs as possible should be allocated as rationally as possible either to functional support activities or to network operation and maintenance activities. Any remaining unallocated costs should be distributed pro rata among the various services, according to the traffic carried. 

5.3.7.3 Management data

a)  Installed capacity.

b)  Utilized capacity.
c)  Annual growth rate of the number of subscribers.
d)  Growth rate of infrastructure prices (international transmission, international switching, national transmission, national switching, access network).
e)  Expected return on investment.
f)  Average interest rate on loans.
g)  Amortization period for investment in the various network components.
_________________
6 Annex 4:

TAL Group

Methodology for evaluating cost of an international call
for TAL members

6.1 Introduction

Most of the Administrations in the TAL region are aware that recent international developments have accentuated the need for the application of appropriate cost accounting methodologies to calculate the actual cost of telecommunication services. This is to ensure that tariffs are reflective of associated costs. Detailed cost accounting in telecommunications is no longer an elective pursuit, it is a compulsory exercise. In the circumstances, TAL has developed a methodology which can assist the TAL countries in estimating the cost per minute of International Message Telephone Service (IMTS) and their respective termination charges.

This appendix is separated into five subclauses:

•
Subclause II.1: Introduction.

•
Subclause II.2: General overview. It provides a general overview of costing methodologies, the need for compliance with the principles under ITU-T D.140, special characteristics of economies in the region and the formula for calculating per unit cost and termination charge.

•
Subclause II.3: Description of the methodology. It provides a description of the methodology adapted by TAL members taking note of subclause II.2.

•
Subclause II.4: Detailed checklists. It provides a detailed checklist of the investment items and their associated cost to be included in the determination of the different elements of the cost of an international call (international transmission, international switch and national extension).

•
Subclause II.5: Working example. It provides a working example of the application of the TAL costing methodology. It is recognized that the format and the allocator(s) adopted by any member of TAL in their efforts to determine the cost of an international call may differ. The principles noted under subclause II.2 however are expected to be maintained.

6.2 General overview

6.2.1 Brief review of methodologies considered

In developing the cost methodology to determine the price per minute of an international call for the TAL region, a number of cost models were considered including:

The Ramsey Method

A derivation of tariff based on marginal utility. This model allows for the coverage of fixed and variable costs where price elasticity is unresponsive.

The Incremental Cost Method

Which equates tariff to cost of production of the additional unit of the good or service. Added to unit cost is an allocated share of common costs, excluding administrative costs.

The Marginal Cost Method

A calculus of costs that includes operational and maintenance costs, depreciation, the financial cost of servicing debt or the opportunity cost with respect to the capital invested as per the last unit of the good or service produced. 

The TAS Model

Which denominates unit cost in terms of investment and operating costs, shared costs which include direct and indirect R&D costs, i.e. the application of a FDC Approach.

The Fully Distributed Cost (FDC) Method

Accounts for unit cost on the basis of fixed and variable costs giving due cognizance to externalities.

Whatever method is applied, costing a telephone call remains the most controversial aspect of international settlement reform. The Accounting Rates Principles for International Telephone Services, as recommended under ITU‑T D.140, prescribes that accounting rates for international telephone services should be cost‑originated and should take into account the relevant cost trends in terms of network, financial and overheads costs.

The guidelines set forth under Recommendation D.140 for the cost elements when determining the cost of international telephony are the following:

–
international transmission facilities; 

–
international switching facilities; and 

–
national extension.

International transmission facilities involve:

International terrestrial transmission or international submarine and/or international satellite transmission; cable‑landing stations, national links between these facilities and the international exchange.

Switch – international switch center and associated transmission and switch signalling equipment. 

National extension network consists of national exchanges and national transmission facilities and, where appropriate and identified by mutual or multilateral agreement, the local loop.

D.140 stipulates that the operator's costs should be identified pursuant to world-based accepted accounting practices in terms of direct and indirect costs. Direct costs are analogous to investment, operation and maintenance, rental and lease of facilities, switched transit traffic and direct transit leasing costs where applicable and direct investment in research and development. Indirect or common costs are expenses that are not exclusive to the provision of international telephone service, including, general administration, management and accounting systems, other research and development and appropriate taxes. D.140 also allows for other costs to be included in the cost calculus, subject to bilateral agreement.

6.2.2 The way forward

In developing the cost methodology, elements were taken from most of the models in the reference above, in particular the TAS model. However, the fundamental concept that shaped the principal equation of the methodology for TAL members is based on certain socioeconomic characteristics that are common in Latin American and Caribbean economies and which impact significantly on the cost of delivering telecommunication services in these countries.

Cognizance was given to the fact that most, if not all the Administrations in the TAL region, operate less‑than‑full‑capacity telecommunication operations. Less‑than‑full‑capacity throughput indicates that long run "Parieto Optimality" has not been attained in the delivery of telecommunication services. As such average cost is above both incremental cost and marginal cost but may not be at the highest point on the long run cost curve. It is therefore analytically inappropriate to estimate cost of service for these telecommunication Administrations by applying models with inbuilt parameters based on assumptions of optimum efficiency. It must be borne in mind that the objective is to estimate the actual cost, not the expected cost therefore actual, audited accounts and information of a company’s general ledger is recommended to be used to determine the price of an international call.

Actual cost is the nominal expenses incurred to produce a good or service in a financial year. Where externalities impact on the administration's operation, they must be included in the cost of the service. If not, the Administration would go out of business, except where technical efficiency gains are immediately realized. Externalities are consistent with certain characteristics of economies in the region of which the most critical are:

–
less‑than‑full capacity operation, particularly in international switching where average capacity usage is below 30%;

–
average level of teledensity of less than 25%;

–
domestic tariff priced below market rate;

–
most domestic currencies are not convertible;

–
inflation and interest cost of capital are relatively high;

–
though many of the countries have submitted commitments to the WTO to introduce competitive market structures, complete restructuring of the markets in basic telephony is unlikely to be effected within the next two years; and

–
Administrations in the region are inclined to invest in up‑market technology and introduce more efficient management which can impact favorably on cost.

Informed by those characteristics, the logical approach seems to be for the formulation of a model to fit the special circumstances under which TAL Administrations operate. The proposed methodology takes into account the need to enhance operational efficiency where the production function is at less‑than‑full‑capacity. The methodology therefore is based on cost factors that also recognize sub‑optimal production functions in some cases though providing for efficiency gains over time.

Efficiency gains are internal and external factors that can influence cost reduction. Such factors refer to changes at the managerial and operational levels as per discriminate use of physical and human resources.

For example, improvement in procurement methods, enhancement in record keeping and accounting practices, efficient line maintenance systems and employment of modem technology, in particular over the national extension network, could assist in lowering cost. Concomitantly, a more buoyant economy could result in lower rates of inflation, improvement in balance of payment and a fall in interest rates. These developments can lead to cheaper credit facilities, stronger exchange rates and ready availability of hard currency to purchase capital goods.

Given that most of TAL carriers are not operating at long run optima, all their costs are not variable costs. Actual per unit cost is the weighted average of: allocated variable costs plus a proportion of allocated fixed cost minus efficiency gains divided by capacity usage. Low penetration rates and small populations are manifests of externalities that affect fixed cost of telecommunications operators. Allied to this is sub‑optimal use of technology, low average traffic‑throughput ratios in relation to transmission and switching capacity.

That all costs are not variable cost over the long term does not sanction the inclusion of all fixed costs in the calculation of the unit cost of an international telephone call. Fixed costs of the national network in this model do not include equipment usage by consumers.

Those costs are normally covered in rental and access charges. Neither should cost include depreciation on land since this factor of production does not normally depreciate in value over time. The cost of providing switched transit traffic is also excluded. These costs should be covered by transit fees.

The model recognizes that technology in telecommunications is very dynamic. This means that cost in period X may not be the same as that in period Y. Annual cost is measured ex‑post rather than ex‑ante and is circumscribed by an efficiency gains coefficient to account for technology and organizational changes.

The fundamental price/cost relationship proposed in this model is that minimal survival level of the firm is at the point where expenses, i.e. costs, match revenue. Such cost would include capital cost, payment of interest on money borrowed, return to equity holders (consistent with domestic market rate of interest after adjustment for risk), direct operational and maintenance and research and development costs and a proportion of common costs, less efficiency gains.

In perfectly competitive markets, the fact that the price of a good/service settles at its marginal cost is only applicable where economies of scale are optimized. In fact, if such prices were to be enforced in markets where firms are operating below full capacity bankruptcy will be inevitable. The firms would not fully cover their total expenses. In telecommunications, the contention is that economies of scale are pervasive in hardware technology. While this may be applicable in international transmission and switching, in terms of domestic network, the contention is highly fallacious.

6.2.3 Proposed Formula re per Unit Cost and Termination Charge

1)
C = A/M0– (Sum Eg n/n–1)

2)
T = A/M0–{(Sum Eg (n/n–l)} ( USO

where:


C
= 
Per minute (unit) cost for the provision of international Telephone service.


T
= 
Termination charge for the provision of one minute international telephone service.


A
=
Weighted average of Direct and indirect cost for the provision of international telephone service comprising (Kn ( Dn ( OMCn ( R&Dn ( Adn ( Tn).


M0 
=
Total actual international minutes forwarded and received over the period of estimation.


Eg
= The Efficiency Gains or the Cost Lowering proxy to forecast productivity over the period of estimation, i.e. (n/n–1).


USO
= Universal Service obligation cost per minute, it could include inter alia, access deficit contribution and expenditure associated with network expansion for countries with low teledensity levels, in particular for the provision of services in areas where it is uneconomic to do so. A guide for the estimation of value of this variable is B/(M1(M0) Where: B is the projected cost to attain the nationally prescribed (n) level of teledensity in period (t(1) and M1 is the expected incremental minutes in period (t(1) associated with projected network expansion over the same period.

NOTE 1 – International services refer to Cross Border exchange (origination and termination) of traffic.

NOTE 2 – Domestic services are those that originate and terminate within the territorial border of an Administration.

Expanded definitions of the components of (A) are the following:

Kn = Allocated Investment Cost

Either the interest cost debt service of the investment or the opportunity cost in respect of the capital invested plus return to equity at the prevailing domestic market rate of interest in year n.

Dn = Allocated Amortization/Depreciation Cost

Allocated cost of the plant including (building, circuits, and equipment) i.e. total investment less net salvage, divided by the estimated life of the plant in year n.

OMCn = Allocated operational and Maintenance Cost

Includes all expenses on activities required to operate and upkeep the telephone plant which are generated directly or indirectly by the delivery of an international telephone call in year n.

R&Dn = Allocated Research and Development Cost

Direct and indirect Research and Development costs attributed to the realization of Efficiency Gains in order to originate/terminate an international telephone call in year n.

Adn = Allocated Administrative Cost

Allocated overhead expenses necessary to operate the plant to deliver international voice telephony, but which cannot be attributed directly to activity‑based cost allocators. 

Those costs include expenses-related executive management, planning, financial and human resource management and legal input. Also relevant are investment support charges re: land, building, furniture, office equipment and motor vehicles in year n.

Tn = Allocated Tax Cost

Comprising the relevant proportion of corporation, ad valorem and other taxes (e.g. value added tax) in year n.

The expanded formulae for cost per minute for international voice telephony and the Termination Charge in year n are as follows:
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6.3 Description of the methodology

6.3.1 Objective

The objective is to define a methodology to establish the cost of terminating a minute of international traffic on an Administration's network, using an Adapted Fully Distributed Costing Methodology.

6.3.2 Determination of Inputs

As noted in subclause II.2, the list of elements to be included as identified in ITU-T D.140 is as follows:

1)
International Transmission.

2)
International Switch.

3)
National Extension:

a)
Access Network.

b)
Transport Network.

Consistent with general costing principles, this Recommendation recognizes the need to recover the direct costs, indirect costs, administrative overheads on the combined components plus a reasonable return on the investment.

6.3.3 Capital Investments & Operating Costs

An Administration's long term debts and investments are identified in its Balance Sheet while the annual operating costs are identified in its Profit & Loss Accounts.

6.3.4 Capital Investment

These include the following assets of a company: 

–
Switches.

–
Transmission equipment, e.g. cable, radio, etc.

–
Land & Building.

–
Furniture.

–
Office Equipment.

–
Motor Vehicles.

–
Cable & Conduit, etc.

6.3.5 Direct & Indirect Costs

Direct costs are those costs which are incurred through the provision of a specific service or element. These costs, which are represented by varying accounts in both the Balance Sheet and Profit & Loss Account of the Administration, are generally few in numbers.

6.3.6 Determination of direct costs for various service elements

International switching & transmission – this is generally taken to be the provision of international switching gateways and transmission facilities on the international side of the gateway switch, enabling the transport of international calls.

National extension, this covers:

–
The provision of all access lines in the local network. The associated costs include, cables and wires used by the access network. In other words, this is concerned with cables and wires that are line-sensitive costs, rather than traffic sensitive costs, e.g.:

•
distribution points and cabinets in the feeder network;

•
line cards located at remote or host switches.

–
The provision of switching facilities to enable call transport. The associated costs include switch processors, cables, transmission systems and trunk ports on switches.

–
The two components of the national extension, access and transport, can either be bundled or unbundled.

6.3.7 Determination of indirect facility based costs for various service elements

Not all costs can be classified as being direct, as defined above. Those that cannot are common fixed or joint costs between network elements. An example of such a cost would be air conditioning in a switch building used to cool both the racks of access line cards, as well as the central processor(s) used to switch traffic. 

Special engineering studies may be commissioned aimed at quantifying the portion of joint or common facility based cost which is employed in the provisioning of individual network elements or services.

The principal common fixed and joint costs include:

•
Overground and underground route structures used by both the access network and inter-office transmission (e.g. poles, duct and conduit systems): These costs are generally apportioned to the access network, inter-switch transmission of PSTN traffic, leased lines and other services, on the basis of proportions of usage by cables, traffic or a weighted average of the other associated direct service costs.

•
Common equipment and facilities in switches: These costs are generally apportioned among the access network (line cards), switching transport network (processors) and inter-switch transmission network (trunk ports) in the same proportion to the actual direct costs.

6.3.8 Annual Operating Costs

Once the investments for international POTS requirements are determined, then the annual associated costs with the investments can be calculated. AFDC analysis includes two categories of annual costs:

1)
capital-related costs; and

2)
operating expense-related costs.

Factors for each type of annual costs are calculated in such a way as to express the annual cost as a function of the level of investment. 

The list below presents the items typically included for each category.

6.3.9 Capital-related Costs

–
Depreciation expenses.

–
Rate of return element.

–
Income taxes associated with return.

–
Property taxes.

6.3.10 Operating Expense-related Costs

–
Maintenance expenses.

–
Network administration expenses.

–
Traffic expenses.

–
Marketing expenses.

–
Billing expenses.

Each of these annual cost elements is discussed briefly below.

6.3.11 Capital-related Costs

These costs are directly related to the investment identified in the AFDC analysis and they are calculated using generally accepted industry procedures.

6.3.12 Depreciation Expense 

Annual depreciation expenses are calculated based on the applicable depreciation rate for each type of investment required. The applicable rates will vary by jurisdictions, and may be determined by:

1)
the economic life of assets;

2)
the physical life of assets; and

3)
regulatory criteria.

6.3.13 Rate of Return

This standard calculation multiplies the net Investment times a reasonable rate of return. The rate of return may be stipulated by the regulatory regime or market determined.

6.3.14 Income Tax (IT) Allowance

This calculation uses a standard gross-up procedure for the IT allowance based on the tax system of the country.

6.3.15 Property Taxes

Property taxes, where applicable, are calculated by multiplying the net investment by the appropriate tax rate. Where the company is subject to a variety of tax rates in numerous jurisdictions, it is appropriate to use the effective tax rate paid on all company investment during a recent year. This effective rate is estimated as follows:
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The annualized network capital costs (on a replacement cost basis) are then calculated for each network elements listed above. The usage of each network element by each service is estimated (e.g. national & international calls) thus allowing network element costs to be attributed to the different call services.

6.3.16 Determination of indirect non-facility based costs for various service elements

Indirect non-facility operating & administration expenses to be allocated using suitable allocation mechanism – e.g. activity based costs, carrying charge factor based on ratio of total direct expenses per elements/total direct investment per elements or other selected method or any other suitable allocation method.

6.3.17 Examples of carrying charge & other allocators

Carrying Charge Factors (CCFs) that are identified based on the company's operating results for a recent period. CCFs are expressed as a percentage of the investment identified for the service or element at issue.

6.3.18 Maintenance Expenses

Maintenance expenses in the AFDC analysis could be calculated using maintenance CCFs for each type of investment. These CCFs are developed based on the company's accounting results for a recent period. For example, a CCF for Central Office Equipment (COE) digital switching maintenance expenses could be calculated as shown below:
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6.3.19 Network Administration Expenses

Network administration expenses could be related to COE investment and Cable & Wire Facilities (CWF) investment.

6.3.20 Customer Operations Expenses

Where the activity costings are unknown, certain categories of Customer Operations expenses may be incurred in support of the particular service or element under study. These may include expenses such as marketing, advertising, customer billing, and call completion (operator assistance). 

The CCFs for these types of functions are more appropriately developed as a function of the quantity of messages associated with the service or element at issue. Consequently, the CCF will calculate expenses as a function of a cost per message. 

To calculate the related expenses, each CCF is multiplied by the relevant measures of investment.

–
International transmission: allocate joint costs based on suitable allocation mechanism such as number of circuits, bearer capacity or minutes of use.


e.g.: total indirect transmission cost* (# of intl. circuits/total # of circuits)

–
International switching: allocate joint costs based on suitable allocation mechanism such as number of circuits, bearer capacity or minutes of use.


e.g.: total indirect switching cost* (# of intl. circuits/total # of circuits)

–
National extension: allocate joint costs based on suitable allocation mechanism such as number of circuits, bearer capacity or minutes of use.

–
Other investments (e.g. land, building, furniture & motor vehicles): based on proportion of investment in individual services and or a weighted average of the cost allocated by investment or service type.

6.4 Detailed checklists

6.4.1 International Transmission

6.4.1.1 Allocated Transmission Investment Cost

All costs are to be allocated where there is multiple use of facilities. Allocated expenses on rent, lease, etc. should be calculated under operating expenses where cable systems are co-owned but do not land in the country of the Administration or where asset separation is not available or involves too much tedium; a block figure as recorded in the cable construction and maintenance agreement could be used as an indicator. Miscellaneous capital should be identified and included.

6.4.1.1.1 Submarine Cable
–
Cable (including submerged repeaters and land line up to cable terminal)

–
Terminal Equipment


–
Power supplies


–
Land


–
Other


	
	Sub Total
	


6.4.1.1.2 
Satellite Communication System
Earth Station:

–
Antenna


–
Electronic Equipment


–
Power supplies


–
Land


–
Buildings


–
Other


	
	Sub Total
	


	
	Total Investment Cost for International Transmission
	


6.4.1.2 Amortization Costs For One Year Over The Life Of Asset

6.4.1.2.1 Submarine Cable

–
Cable (including submerged repeaters, equalizers and land line up to cable 
terminal)


–
Terminal Equipment


–
Power supplies


–
Buildings


–
Antenna (including tower)


–
Other


	
	Sub Total
	


6.4.1.2.2 Satellite Earth Station and RWC Link(s)

–
Antenna (including tower)


–
Electronic Equipment


–
Power Supplies


–
Buildings


–
Cable


	
	Sub Total
	


	
	Total Amortized Cost for International Transmission for the year
	


6.4.1.3 Allocated Operating and Maintenance Costs

6.4.1.3.1 Submarine Cable

6.4.1.3.1.1 Material for repairs to:
–
Cable (including submerged repeaters, equalizers and land line up to cable 
terminal)


–
Terminal Equipment


–
Buildings


6.4.1.3.1.2 Rentals


6.4.1.3.1.3 Salaries and allowances of staff engaged in repairs, maintenance and service

6.4.1.3.1.4 Utility charges


6.4.1.3.1.5 Other charges


	
	Sub Total
	


6.4.1.3.2 Satellite Earth Station(s)

6.4.1.3.2.1 Materials for repair and maintenance of:
–
Antenna and Electrical Equipment


–
Buildings


–
Other


6.4.1.3.2.2 Satellite Space Segment Charges


6.4.1.3.2.3 Salaries & Allowances for staff engaged in repair, maintenance & operation of services


6.4.1.3.2.4 Rentals


6.4.1.3.2.5 Utility Charges


	
	Sub Total
	


6.4.2 International Switching

6.4.2.1 Allocated Switch Investment Cost

6.4.2.1.1 International Telephone Switching Exchanges
–
Switching Equipment


–
Power Supplies


–
Land


–
Buildings


–
Cable


	
	Sub Total
	


6.4.2.2 Allocated Amortization

6.4.2.2.1 International switching exchange amortization

–
Switching Equipment


–
Electronic Equipment


–
Power Supplies


–
Cable


–
Buildings


	
	Total
	


6.4.2.3 Allocated Operating and Maintenance Costs

6.4.2.3.1 International Switching Exchange(s)

–
Material cost and cost of labour (salaries, wages and allowances) to Service Switching Equipment, Electronic Equipment, Power Supplies, Building Admissible Traffic, Circuit Distribution, Patching Interconnecting Transmission Facilities and Operating Services


–
Electricity and other utility charges


–
Rentals


	
	Gross Costs
	


6.4.2.3.2 Other allocated operating and maintenance costs as applicable

–
Allocated lease circuit charges


–
Allocated payments for "Right of Way" facilities


–
Allocated administrative and overhead costs


	
	Total Allocated Operating and Maintenance Costs
	


6.4.2.3.3 Allocated Research and Development Costs
–
Allocated investment cost of R&D facilities


–
Allocated amortization cost of R&D facilities


–
Salaries, wages and allowances of R&D personnel


–
Maintenance expenses on R&D facilities


–
Contractual arrangements for R&D services


–
Training


	
	Total Allocated R&D Costs
	


6.4.3 Allocated Direct Costs

6.4.3.1 Allocated National Extension Investment Costs

6.4.3.1.1 Investment Costs

–
Transmission Facilities


–
Switching Equipment


–
Electronic Equipment


–
Power Supplies


	
	Sub Total
	


6.4.3.2 Allocated Amortization Costs

6.4.3.2.1 Amortization

–
Cable


–
Switching Equipment


–
Electronic Equipment


–
Power supplies


	
	Sub Total
	


6.4.3.3 Allocated Operating & Maintenance Costs
6.4.3.3.1 Allocated costs of materials for repair and maintenance of trunk and local exchanges and the local loop (if agreed to)

6.4.3.3.2 
Salaries, wages and allowances of staff involved in operating and maintenance activities


	
	Sub Total
	


6.4.3.4 Allocated Research and Development Costs

6.4.3.4.1 All allocated R&D costs

	
	Sub Total
	


6.5 Working example

ABC Co. Ltd. – Termination fee methodology: 
sheet 1 of 4 – International telephone service cost 

	
	Reference 
sheet 2 of 4
	Total

$000
	International
switch
$000
	International
transmission
$000
	National network 
$000

	(A)
	Operating costs (exclusive of interest & taxation) (Os)
	4.2
	120.6
	18
	9
	93.6

	(B)
	Investments/Rate Base (equity) (Is)
	4.1
	328.5
	90
	45
	193.5

	(C)
	Return requirement before interest and tax (say)
	
	10%
	10%
	10%
	10%

	(D)
	Revenue requirement on investments (B ( C)
	
	32.85
	9
	4.5
	19.35

	(E)
	Total revenue requirement for a 10% return on investment 
	
	153.45
	27
	13.5
	112.95

	
	(A ( D ( interest on debt ( taxation) say
	
	
	
	
	

	(E.1)
	Transit Revenues say
	
	2
	2
	2
	0

	(E.2)
	Net Revenues after Transit payments (E) – (E.1)
	
	151.45
	25
	11.5
	112.95

	(F)
	Total international minutes [millions – forwarded and received (say)]
	
	745
	745
	745
	745

	(G)
	Cost per minute (E.2 /F)
	
	0.20
	0.03
	0.02
	0.15

	(H)
	USO cost per minute (say)
	
	0.05
	–
	–
	0.05*

	(I)
	Other subsidy (say)
	
	0.01
	–
	–
	0.01*

	(J)
	Termination Fee (G ( H ( I)
	
	0.26
	0.03
	0.02
	0.23

	*
A regulator/carrier will determine the USO amount to be contributed by any (or all) of the elements of the network used to complete the call.


ABC Co. Ltd. – Termination fee methodology: 
sheet 2 of 4 – International telephone service costs 

	
	Reference
sheet 3 of 4
	Total
(A)

$000
	Allocator
	POTS

	
	
	
	
	International switch
(B)

$000
	International trans.
(C)

$000
	Local n/work
(D)

$000
	Other international
services
(E)
$000

	1
	Total International Operations Investments
	Bal. B/Fwd.
	365
	
	100
	50
	215
	–

	2
	Total International Operating Costs
	Bal. B/Fwd.
	134
	
	20
	10
	104
	–

	3
	Service Allocation
	
	
	
	
	
	
	

	3.1
	International POTS: Other International Services, e.g. Lease, VSAT, Telex & Telegraph
	Circuit Nos.
	
	90:10

(say)
	0.90
	0.90
	0.90
	0.10

	4
	International POTS:
	
	
	
	
	
	
	

	4.1
	Investments     (Is)
	
	365
	L1 ( L3.1
	90
	45
	193.5
	36.5
(L1A ( L3.1)

	4.2
	Operating Costs (Os)
	
	134
	L2 ( L3.1
	18
	9
	93.6
	13.4
(L2A ( L3.1)


ABC Co. Ltd. – Termination fee methodology: 
sheet 3 of 4 – International operations costs (US$) 

	
	Reference
sheet 4 of 4
	Total

$M
	Allocator
	Switch

$M
	Transmission

$M
	Domestic network
$M
	Other
services
$M

	Investments
	1.1.1
	100
	
	100
	
	
	

	
	
	1.2.1
	50
	Direct
	
	50
	
	

	A.1
	International – Capital Investment
	1.3.1
	25
	
	
	–
	25
	

	A.2
	Domestic usage – Capital Investment
	
	–
	MOU/OTH
	–
	–
	–
	

	
	Switch
	1.1.3
	120
	
	–
	–
	120
	

	
	Transmission
	1.2.3
	30
	
	–
	–
	30
	

	
	Other
	1.3.3
	40
	
	–
	–
	40*
	

	A.3
	Total international operations inv. (A.1 ( A.2)
	
	365
	
	100
	50
	215
	


	Operating Cost (Os)
	
	
	
	
	
	
	

	B.1
	International – Depreciation opt. Cost mthdg'y
	2.1.2
	20
	Direct
	20
	
	
	

	
	
	2.1.6
	10
	
	
	10
	
	

	
	
	2.1.10
	5
	
	
	
	5
	

	
	
	
	35
	
	
	
	
	

	B.2
	Domestic usage
	
	
	MOU/OTH
	
	
	
	

	
	Switch – Depreciation
	2.1.4
	24
	
	–
	–
	24
	

	
	Transmission – Depreciation
	2.1.8
	6
	
	–
	–
	6
	

	
	Other equip. – Depreciation
	2.1.12
	8
	
	–
	–
	8
	

	
	
	
	38
	
	–
	–
	38
	

	
	Operating costs (including wages)
	2.2.4
	31
	
	–
	–
	31
	

	
	Other costs
	2.3.4
	30
	
	–
	–
	30
	

	B.3
	Total international Operations inv. (B.1 ( B.2)
	134
	
	20
	10
	104
	

	*
This could include the inside wiring costs (inclusive of the associated costs of labour, transport, etc.).


ABC Co. Ltd. – Termination fee methodology: 
sheet 4 of 4 – Year ended 31.12.XX 

	1.
Capital investments
	Company
Total
$M's
	Allocator
	Separation
factor
(D:I)
	Domestic
operations
$M's
	International
operations
$M's

	
	
	
	
	
	
	

	1.1
	Switch Eqpt. :
	
	
	
	
	

	1.1.1
	(a) Int'l.
	100
	Direct
	0:1
	–
	100

	1.1.2
	(b) Dom.
	100
	Direct
	1:0
	100
	–

	1.1.3
	(c) Shared
	300
	MOU/OTH
	
60:40
	180
	120

	(1.1.1 ( . . . ( 1.1.3)
	Total
	500
	
	
	280
	220

	
	
	
	
	
	
	

	1.2
	Transmission Eqpt.
	
	
	
	
	

	1.2.1
	(a) Int'l.
	50
	Direct
	0:1
	–
	50

	1.2.2
	(b) Dom.
	150
	Direct
	1:0
	100
	–

	1.2.3
	(c) Shared
	100
	MOU/OTH
	
80:20
	120
	30

	(1.2.1 ( . . . ( 1.2.3) 
	Total
	300
	
	
	220
	80

	
	
	
	
	
	
	

	1.3
	Other Eqpt. & Capital Inv. *
	
	
	
	

	1.3.1
	(a) Int'l.
	25
	Direct
	0:1
	–
	25

	1.3.2
	(b) Dom.
	95
	Direct
	1:0
	95
	–

	1.3.3
	(c) Shared
	80
	MOU/OTH
	
50:50
	40
	40

	(1.3.1 ( . . . ( 1.3.3) 
	Total
	200
	
	
	135
	65

	
	
	
	
	
	
	

	1.4
	Total Capital Investment
	
	
	
	

	(1.1.3 ( 1.2.3 ( 1.3.3)
	
	1000
	
	
	635
	365

	
	
	
	
	
	
	

	2.
Operation costs
	
	
	
	
	

	
	
	
	
	
	
	

	2.1.0
	Depreciation
	
	
	
	
	

	2.1.1
	Switch Eqpt.
	100
	
	
	56
	44

	2.1.2
	(a) Int'l.
	 20
	Direct
	0:1
	–
	20

	2.1.3
	(b) Dom.
	 20
	Direct
	1:0
	20
	–

	2.1.4
	(c) Shared
	 60
	MOU/OTH
	
60:40
	36
	24

	
	
	
	
	
	
	

	2.1.5
	Transmission Eqpt.
	 60
	
	
	44
	16

	2.1.6
	(a) Int'l.
	 10
	Direct
	0:1
	–
	10

	2.1.7
	(b) Dom.
	 20
	Direct
	1:0
	20
	–

	2.1.8
	(c) Shared
	 30
	MOU/OTH
	
80:20
	24
	6

	
	
	
	
	
	
	

	2.1.9
	Other Eqpt.
	 40
	
	
	27
	13

	2.1.10
	(a) Int'l.
	  5
	Direct
	0:1
	–
	5

	2.1.11
	(b) Dom.
	 19
	Direct
	1:0
	19
	–

	2.1.12
	(c) Shared
	 16
	MOU/OTH
	
50:50
	8
	8

	2.1.13
	Total Depreciation Exp.
	100
	
	
	127
	73


	2.2.0
	Operating Costs 
	 
	
	
	 
	 

	
	(Including Wages)
	
	
	
	
	

	2.2.1
	(a) Int'l.
	20
	Direct
	0:1
	–
	20

	2.2.2
	(b) Dom.
	25
	Direct
	1:0
	25
	–

	2.2.3
	(c) Shared
	55
	Network Plant/Oth
	
80:20
	44
	11

	2.2.4
	Total Opt. Costs (incl. wages)
	100
	
	
	69
	31

	
	
	
	
	
	
	

	2.3.0
	Other Costs (Finance, Mktg. etc.)
	 
	
	
	 
	 

	2.3.1
	(a) Int'l.
	5
	Direct
	0:1
	0
	5

	2.3.2
	(b) Dom.
	10
	Direct
	1:0
	10
	0

	2.3.3
	(c) Shared
	85
	Big Three Exp./Oth.
	
70:30
	60
	25

	2.3.4
	Total Other Costs
	100
	
	
	70
	30

	
	
	
	
	
	
	

	2.4.0
	Business Levy
	50
	Big Three
	
70:30
	35
	15

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	3.
Total operating costs 
	
	
	
	
	

	
	
	
	
	
	
	

	(2.1.13 ( 2.2.4 ( 2.3.4 ( 2.4)
	350
	
	
	301
	149


NOTE 1 – The above figures are based on the Audit Report for the year ended 31/X/199X.

NOTE 2 – Excessive/Inefficient costs to be identified by the local regulator and removed where necessary.

NOTE 3 – Costs such as those relating to advertising and marketing should be separated between incoming and outgoing traffic expenses.

Allocators

1)
Direct: Where the cost incurred in providing a service can be easily separated and assigned to the investment/operating activity based on the cost principle.

2)
MOU: Used where the cost incurred in providing a service is indirect, i.e. common or joint. The MOU allocator is one allocator used to separate cost(s) of investment and/or operating activity based on the use of the plant.

3)
OTH: Used when the cost incurred in providing a service is indirect, i.e. common or joint. the allocator could include, inter alia, revenue allocator tools, central office equipment, operating expenses factor, big three, etc.

4)
*: Land, Building Air Conditioning equipment, Motor Vehicles, Furniture and Office Equipment, Subscriber terminal equipment, etc.

6.6 Modeling conveyance and access network

UIT - Secteur de la normalisation des télécommunications

ITU - Telecommunication Standardization Sector

UIT - Sector de Normalización de las Telecomunicaciones

Study Period 2001-2004
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Section 1 – Modeling conveyance and access network

1.1
Objectives
This model is intended to serve as a guide for regulators in reviewing/setting unbundled cost-oriented interconnect and access charges. It is a relatively simple and stable methodology for estimating unit costs of terminating traffic on the incumbent’s /significant provider’s network in Latin American and Caribbean countries.

Unbundled cost-oriented interconnect and access charges are imperative for the delivery of quality services at affordable rates, and by extension, optimization of social welfare in an environment where competition is unfolding.

The focus is on estimating total service costs per network component. However, in this initial phase, cost estimates are restricted to narrow band (in particular voice) and leased line services delivered over PSTN. Where necessary, the model can be adjusted to include ISDN and other services.

The ultimate output is a matrix of unit costs for the use of traffic-sensitive and non- traffic-sensitive network components.  In so doing, the model comprises a series of formulae that provide mechanisms to align interconnect and access charges to current, rather than, historical costs of assets of a relatively modern network.

1.2 Network Definition

The National Extension network is defined as the:

· conveyance (core) network; and

· access network (local loop).

1.3 Conveyance Network

The conveyance network comprises:

· switching network (including the signaling network); and

· transmission network.

1.4 Unbundling Conveyance Network

Elements of the conveyance network are separated to facilitate delivery of unbundled interconnection services as indicated at Diagram 1:

· Local level interconnection: the point where a competitor interconnects (see arrow, Diagram 1) and is only responsible for payment in respect of usage of a local switch, transmission link between the local switch and a remote concentrator.

· Single transit interconnection: an interconnection granted at point 2, Diagram 1. Liability is restricted to costs associated with tandem switching, transmission links between tandem switch and local switch, local switching, transmission link between local switch and remote concentrator.

· Double transit interconnection: involving interconnection at point 3, Diagram 1 specifying liability for costs that attend elements of single transit interconnection plus the costs associated with an extra tandem switch and tandem to tandem transmission link.

As shown at Diagram 1, the model has the capacity to estimate the costs of transporting  end-to-end calls across the conveyance network. This is applicable where the full range of network services at Diagram 1 is provided by one service provider to other service provider/s.



1.5. Access Network

Since most of the telecommunication markets in the TAL region are transiting to competition, it is necessary to make a distinction between conveyance (core) network costs and access network costs. This requires a clear demarcation as to where the access network begins i.e. where the conveyance network ends. This model has identified the access network, (Diagram 2) as comprising the transmission components that link the Main Distribution Frame (MDF) (subscriber line card) to customer premises. This may be at an RAU or a local switch.


[image: image68.wmf]T0302120-01

Diagram 2

ACCESS NETWORK

MDF

LAS

DP

NTP


The model does not restrict local loop technology to copper pairs. It can be configured to estimate costs of delivery of services over a local delivery system which may involve, fibre, coax or wireless technology. However defined, the assessment of local assess costs involves segmenting the loop plant in terms of: feeder (primary, extensions and sub primary), distribution and service access (drop, building, entrance and network interface). Diagram 2 refers.

Section 2 - Modeling Profile
2.1 Conceptual Framework

The model estimates interconnect and access costs based on the economics of Long Run Average Efficiency Gains Costing (LRAEC). The LRAEC concept is predicated on the premise: competition is encouraged when prices reflect long run efficiency.  It follows, efficiency on the incumbent/significant provider’s network is critical to successful transition toward competition. In the circumstances, where telecommunications markets in TAL countries are not yet competitively mature, regulators are obliged to ensure that in transiting toward competition, network architecture should be adjusted/re-configured in order to meet certain specifications of efficiency. This is in keeping with the basic cost formula of the parent TAL model:

C = A/Mo – ((()

Where

C = per minute cost;

A= Total cost;

M0 = traffic throughput in minutes; and

(( = total efficiency gains (productivity factor)

In principle, LRAEC assumes adjustment toward levels of productivity which will allow interconnect and access charges to move closer to what should obtain in a competitive market, taking into consideration efficiency constraints such as:

· Economies of scale;

· Relatively high financial costs;

· Geographical impediments;

· Procurement disadvantages;

· Etc.

The LRAEC model is consistent with the reality that multiple services could be delivered over the same network components. Specifically, the components on the PSTN carry different narrow band services, including voice, fax and data services. Though the efficiency of the PSTN is being challenged, in the main, by Internet traffic, there is awareness that the fast migration of Internet traffic to IP network is reducing congestion on the PSTN.

2.2 LRAEC Technology Assumptions

Generally, a significant proportion of efficiency gains is realised through technology improvement, subject to constraints of diseconomies of scale. Accounting for efficiency gains ex-post involves application of complicated mathematical formulae that are always subject to questioning. This model accounts for efficiency gains ex-ante, mainly through a process  appropriate adjustments for the utilization of relatively up-to-date technology. Against this background, the technology characteristics that underlie the model are the following:

· The core network is circuit switched;

· All switches are digital;

· A maximum of two tier switching: tandem and local switches complimented by remote access units which can either be IRIM or RSS/RCU or a combination;

· Extensive usage of fibre in metropolitan areas, in effect, due to constant cost reduction in fibre the conveyance network is getting closer to the customer making it economical (in some instances) to replace small local switches with RAUs;

· Relatively modern transmission technology is applied;

· The prime differences between network efficiency in TAL countries and the average that obtains in developed countries is capacity usage, which is often compounded by procurement costs, difficult terrain and capital cost;

· There is a productivity gap between new and old assets;

· A pattern of carrying voice using alternatives to circuit switched technology is emerging.
2.3 Accounting Modalities
The LRAEC matrix of accounting modalities is founded on the concept: the total cost of a service comprises directly traceable, indirectly traceable and non-traceable average and variable costs. This effectively lumps total cost into two broad categories:

· Direct costs;

· Ancillary costs: i.e. shared costs and common costs.

2.3.1 Direct costs are expenses that can be unambiguously traced to the generation of a service e.g.:

· Annualized equipment costs, i.e. depreciation re; cost of equipment, cost of capital (interest on loans and reasonable return to equity) re; acquisition and installation of equipment to produce and deliver the service;

· Operation, repair and maintenance expenses (OPEX) associated with same equipment; and

· Where appropriate, directly attributable research and development expenses.

2.3.2 Ancillary Costs

Indirect costs: represent shared expenses generated by more than one activity but not all activities. As a consequence, attributing cost per individual activity requires the application of cost allocation techniques, e.g. Activity Based Costing. These costs pertain mainly to items such as power equipment, site, ducts, network management systems, transmission equipment, etc where the proportion used is identifiable.

Common costs: are defined expenses not having traceable causal relationship with the production of a specific service, though normally incurred in the provision of all, or almost all, services of the operator. These costs may include:

· General administration (head office expenses, overheads, training etc);

· Management systems (accounting systems);

· Other research and development and bad debt expenses;

Taxes not included in direct or indirect costs;

etc.
Appendices IV and Annex B refer.
2.3.3 Modeling Direct Costs

i) Equipment Costs
These costs are estimated on the basis of current costing. Generally, current cost means cost associated with new equipment. For new entrants, this concept is critical since they are most likely to commence operation with modern (cost saving) equipment, and will not  be willing to pay disadvantaged opportunity costs for services delivered using dated (high cost) equipment. Moreover, consumer welfare is not pursued when dated technology is persisted with.

Generally, the incumbent regards current cost as equivalent to adjusted replacement costs i.e. derivation of modern equivalent asset cost by adjusting the cost of modern assets to account for capacity and other important aspects of old assets in use. The methodology adopted in this model for estimating equipment costs is current costs. Adjustments are made for the unavoidable costs of diseconomies of scale in estimating network demand functions.
ii) Depreciation

Depreciation is the difference in value of asset in period t and period t+1. The LRAEC model assumes that the depreciation method applied should approximate the costs of assets in year n (current year).  The appropriate method applied to assess depreciation charge should of necessity take into consideration:

· The purchase price and shelf life of the asset;

· The likely movement of the real price of the asset over the life of the asset, bearing in mind that obsolescence costs and productivity of capital assets could impact significantly the value of assets;

· The residual value of asset after the nth (final) year of its economic life;

· The cost of capital; and

· The capability of the asset to earn revenue over its life span to cover initial and running costs over the life of the asset. The steeper the fall in output/revenue generating capability of the asset, the more difficult it is for the asset to recover its cost over time.

Critical to estimating depreciation charges is the economic depreciation method selected.  Essentially, deprecation methods fall within the following categories:

· Straight line

· Adjusted Straight Line

· Sum of Digits

· Annuity

Excerpts on each of these methods are given at Annex A.

In principle, where minimal price movement over the life of an assets is forecast and a combination of running cost and revenue earning capacity do not vary significantly so as to reduce asset value, straight-line depreciation is a satisfactorily efficient method. This is most applicable to assets such as trenches, sites and copper cable.

However, assets that are prone to the effects technology changes that impact significantly revenue and productivity over the life of the asset, sum-digit depreciation or adjusted straight-line depreciation could be most appropriate. This scenario is applicable to assets such as switches, line cards, transmission electronics, optic fibre, etc.

iii) Cost of Capital
The model assumes that return on investment i.e. cost of capital is equated to opportunity cost of investment. The model therefore does not provide for guaranteed rate of return on investment as has governed many forms of monopoly arrangements. Rate of return in the model is a market driven concept. Nevertheless, regulators may choose to amend this assumption accordingly. The principle, returns on investment should be at a level that permits the operator to, at least, recover minimum/efficient costs, including equity and debt costs.

iv) OPEX

One of the most delicate, and probably controversial, areas of the LRAEC model is estimating operating, repair and maintenance expenses, OPEX. The Model recommends the application of a factor to represent OPEX as a percentage of the estimated investment cost of assets. The method is founded on the observation that generally operating expenses of monopoly operators are considerably higher than those of operators in competitive markets. As a case in point, while the world average: number of employees/number of lines is estimated at 154, that for a sample of TAL countries including: Haiti, Honduras, Belize, Cuba, Jamaica, Trinidad and Tobago, Venezuela, St. Kitts/Nevis, Suriname and St. Vincent is 101. This makes it necessary to derive an efficient level of OPEX (efficiency gains) by simulating such costs in a quasi-competitive environment, taking into consideration important long run constraints.

The proxy value of OPEX may be derived from best practice ratios in comparative economies. Where such data are not available, data from developed economies can be used, subject to appropriate adjustments.

It is arguable that the tendency to adopt best practice ratios on data gathered from developed countries may result in underestimating actual OPEX in developing countries where the market is in transition. On the other hand, the idea of using best practice factors derived from data of developing countries, though ideal, is frustrating due to the lack of credible data.  This model recommends the application of average best practice ratio/s, derived from a combination available regional and international data. Thus OPEX is estimated by a formula:

OPEX = ∞К

Where

∞ = average best practice proportion (%); and

К = Annualized investment cost of asset.

2.3.4 Modeling Ancillary Costs

i) Indirect costs: are allocated on the basis of details from the operator or on the basis of best practice information.

ii) Common costs: are normally a small proportion of individual network component costs. Again, consideration may be given to application of appropriate factors (mark up) on equipment cost to denote common cost as a proportion of asset cost.

2.3.5 Access Costs

Access cost per line (cost of local loop), the ratio total access cost/number of lines, is assumed to be non-traffic sensitive. Access costs do not form a part of interconnect cost. Such lines are customer-dedicated lines, therefore, all related expenses should be recovered by rental or one-off purchase.
2.4.1. Long Run Efficiency Gains Costing

The LRAC theory is applicable in competitive markets that are not affected by diseconomies of scale in conjunction with inefficient OPEX.  Invariably, diseconomies of scale restrict movement in prices to optimal levels in markets where competition is dysfunctional, or even, in emerging stages. Generally, this situation is compounded by problems of relative high operational costs. However, some of the constituents of these expenses are avoidable, and therefore, should not be accepted as inevitable. As case in point, while it is acceptable that an operator may not be able to avoid purchase of a switch with capacity beyond current and expected traffic dimensions, the same argument is less acceptable in cases of significantly above average number of workers per line ratios.   ITU data reveal that index of average investment per line for the world is 245 while that for the Americas region is 178. On the other hand, the index of revenue per line for the world is approximately 974 as against 1276 for the Americas. In the circumstances, in modeling network components costs in TAL countries, it is reasonable to assume that efficiency gains could be attained through adjustments in OPEX as well as investments in network modernization.

Against this background, the LRAEC model advocates less than full capacity total service costing, on the assumptions that:

i. for competition to be encouraged regulators should stipulate/mandate that the   incumbent/significant provider applies the most efficient (cost saving) technology relevant to network traffic volume;

ii. interconnection will provide an opportunity for market expansion and therefore could increase the volume of traffic throughput on the incumbent’s/significant provider’s network over time. This could result in economies of scale and reduction in unit cost across the conveyance network;

iii. average operational costs associated with an incumbent’s/significant provider’s  network are not optimal and need to be adjusted for efficiency; and

iv. the costs of terminating traffic on the conveyance network involve fixed (non-traffic sensitive) and variable costs (traffic sensitive).

Diagram 3
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As indicated at Diagram 3, interconnect network component charge should revolve around the point where:

Price =  efficient cost i.e. Least average cost, adjusted for diseconomies of scale.

As shown at Diagram 3, LRAEC though approaching optimum is not yet there due mainly to the constraints associated with diseconomies of scale.

It should be noted that interconnect costs in this model are wholesale costs and therefore do not include expenses related to sales, advertising, subscriber billing, marketing etc. Similarly, the retail charges do not form part of the cost of customer access in the model.

Section 3 -Estimating Interconnect Charges Switching
3.1
Estimating Switching Costs.
The LRAEC approach to estimating switching costs involves the following steps:

Step I.  An example of required data re switching nodes is given at Table I.

Table I

Switching Data Base

	Node Type
	IRUM
	RSS/
	LS
	TS

	
	
	RSU
	
	

	Number of customers connected to;
	
	
	
	

	Number of Units
	
	
	
	

	Number of N Line Units
	
	
	
	

	Number of Ports
	
	
	
	

	Number of Sites
	
	
	
	

	Capacity:
	
	
	
	

	BHA
	
	
	
	

	BHCA
	
	
	
	


In addition data should be sourced re:

Annual traffic in minutes and number of calls (see Table 2);

Number of auxillary switching equipment (STPs and clocks); and

Routing factors per switching component.

Step II. Source from Operator, a blue print of network architecture.

Step III Prepare schematic of a typical Efficiency Gains switching network and specify the functions of each part of switching components in order to identify cost drivers. The details at 3.1.2 hereunder and Diagram 4 refer.

3.1.2
Efficiency Gains Switching Network.

In keeping with international standards, the Efficiency Gains Switching network assumes two hierarchical layers of exchanges, tandem switches (TS) and local switches (LS) (see switching hierarchy at Diagram 1). Though RAUs are regarded in the model as switching elements, they are not considered authentic switches since they only have limited switching intelligence capability.

In the model, any type of RAU (IRUM or a RSS/RSU) is considered a small digital sub-exchange linked to a host exchange. Except for calls between premises connected to this switch, RAUs have no functional intelligence.

A LS can either function as a host switch or stand alone switch. LSs are assumed to be interconnected to ensure connectivity among customers.

Except for the line side to facilitate subscriber interface, a TS is of similar configuration as a LS. TSs are used mainly to connect local exchanges and are co-located with LSs.

Identification of cost drivers for switching is contingent on the functions of switching elements. The switching functions, the parts and cost drivers of a typical switch (Diagram 4) are the following:-

A. Processor: comprising the hardware and software for storing information to initiate calls and other switched services. The variable cost of the processor is driven, in the main, by capacity to handle busy hour call attempts (BHCA). So the cost driver for the processor is BHCA.

B. Switch Block: is made up of semi-conductor elements, time switches and space switches which enable call switching within and between exchanges. The variable cost of the switch block is driven by capacity to handle calling volumes (number and duration)  during the busy hour period. The measure for this function is busy hour erlangs (BHE). Therefore, the cost driver for this element is BHE.

C. Digital Line Termination Point: provides 2 Mbit/s transmission interface into the digital core network. The cost is contingent on the number of traffic routes to facilitate inter-exchange of traffic. Each port carries approximately 30 circuits. Demand for circuits is a function of traffic intensity, measured in terms of BHE. Automatically, BHE is the cost driver for the demand for port.
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In addition to the parts indicated at Diagram 4, switching cost is affected by elements including:

D. Signaling Transfer Point (STP): which enables communication between processors of different exchanges via signaling links. The links are usually ITUT- SS7.  STP cost is equivalent to unit cost multiplied by the number of STPs allocated over the LSs and TSs comprising the switching network, based on the BHE of each element.

E. Synchronization Equipment: ensures all exchange clocks run at the same speed. Cost is dependent on the number of clocks. The number of clocks is contingent on the number of tandem switches. The cost is allocated over the TS.

Step IV. Using data collected from manufactures, (Table 1), estimate current investment replacement costs per component (Appendix I)

Step V. Investment costs per component are then multiplied by required rate of return to derive cost of capital (See Appendix I).

Step VI. Derive total investment cost. (by multiplying unit cost by number of nodes as at Appendix I).

Step VII. Annualize total investment costs per component, by applying appropriate depreciation methods (Annex A and Appendix I).

Step VIII. Estimate annualized operation and maintenance expenses, per component (See Appendix II).

Step IX. Estimate annualized ancillary investment costs (joint and common costs) per component (Appendices III & IV).

Step X.  Total cost per component is derived by adding the results of Steps VII, VIII and IX, as at Appendix I.

3.2
Estimating Switching Throughput/Demand

3.2.1
Assumptions

a) Throughput/demand refers to number of calls and/or number of minutes switched.

b) The conveyance network is dimensioned to facilitate traffic volumes at peak periods  (busy hour call attempts (BHCA) and busy hour erlangs (BHE).

c) Throughput over the switching network is denominated in terms of current throughput (current demand), expected throughput (current throughput plus margin for growth).

d) Throughput per switching component is influenced by the routing factor of said component.

e) Throughput is influenced by a fluctuation factor, BHCA (the sensitive part of the switch) and a volume factor (number of minutes) that impact the switch block.

f) Total call attempts is defined in terms of successful and unsuccessful calls

g) In keeping with international experience, approximately 15% excess capacity is acceptable to facilitate short-term growth margins, fluctuation of traffic and lag time to expand capacity.

h) Efficiency on the switching network is an important determinant of the unit cost of switching.

i) Avoidable inefficient capacity utilization is a function of miscalculation in dimensioning the switching network in terms of the relationship between demand for switching capacity and switching capacity installed.

j) Based on international data, approximately 35% of call attempts are normally unsuccessful.

k) International estimate of average holding time for successful call at 15 seconds is a reasonable proxy that can be applied in the model in the absence of reliable data.

3.2.2
Definition of Critical Parameters

A. Current throughput (calls): Dc is equal to total call attempts. Total call attempts are the sum of successful and unsuccessful attempts.

Successful call attempts (c, is measured in terms of number of billed calls Bc.

1. (c = Bc.

Accounting for unsuccessful calls is expressed by the formula:

2. Uc = (1- Bc)

Where:

Uc = factor for unsuccessful calls. So current throughput/demand in terms of call attempts Dc is:

3. Dc = Bc + Bc *Uc
= Bc (1+ Uc)

B. Current throughput (minutes): Dm, is equal to billed minutes Bm , plus  minutes of unsuccessful call attempts plus the product of (c and a factor for average holding time per call, Hm.

4. Dm = Bm + Bc (Uc + Hm)

An example of a database for call attempts and call minutes is given at Table 2.

Table 2

Traffic Throughput

	Call Type
	Successful
	Failed
	Total Call
	Number of

	
	Call Attempts
	Call Attempts
	Attempts
	Minutes

	Local
	
	
	
	

	Trunk
	
	
	
	

	International
	
	
	
	

	outgoing
	
	
	
	

	incoming
	
	
	
	

	Mobile
	
	
	
	

	incoming
	
	
	
	

	outgoing
	
	
	
	

	Toll Free
	
	
	
	

	Long distance
	
	
	
	

	Local
	
	
	
	

	Interconnect
	
	
	
	

	Local
	
	
	
	

	Trunk
	
	
	
	

	Total
	
	
	
	


C. Expected Throughput, E(: is equal to current throughput adjusted by a factor (, to account for growth. (see 3.2.1. g above)

C.1. Expected throughput (Calls) E(c , is expressed as:

5. E(c = Dc  (1+ (c)
C.2. Expected throughput (minutes) EDm , is expressed as:

6. EDm = Dm (1+ (m )

3.3
Estimating Throughput Per Switching Component

In order to estimate utilization of each switching component, routing factors Ri have to be imputed. Routing factors denote the intensity of usage of switching elements per call. (As a case in point, if on the average call attempts make use of 2 local switches, the routing factor is 2 for local switch.  Further information on routing factors is given at Annex C.

Expected throughput of a switching component in terms of calls, Sc is therefore:

7. Sc = E(c * Ri
Where:

R is the routing factor for the switch component; and

E(c is expected throughput in terms of number of calls.

Expected throughput per switching components, in terms of minutes, Sm , is estimated by the formula:

8. Sm = EDm * Ri
See equation 6 for definition of EDm  and equation 7 for definition of Ri..
3.4
Dimensioning For Peak Hour Throughput.

As indicated above, this model assumes a switching network dimensioned to facilitate busiest hour traffic. Variable costs per switching component in the model are driven by busy hour call attempts (BHCA) in respect of processing and busy hour erlangs (BHE) in terms demand on switch blocks and ports.

3.4.1
Expected BHCA at each switching component are estimated by the formula:

9. BCHAj = Sc  * (
Where:

BHCAj is expected busiest hour call attempts per switching component;

Sc is expected call throughput per switching component; and

( is the ratio: conventional busiest hour traffic per annum/ total traffic per year.

3.4.2
Expected  BHE  per switching component is derived by converting  minutes into erlangs E then to BHE as follows:

10. E = (Sm /60)

And

11. BHEj = E * (
Where:

BHEj = expected busiest hour erlangs per switching component.

E= erlangs;

Sm = expected call throughput in minutes per switching component;

( is the ratio: conventional busiest hour traffic per annum/ total traffic per year.

It should be noted, experience of international operators indicates that on average, the ratio: busiest hour traffic/annual traffic is approximately 0.033%.

3.5
Efficiency Analysis

A critical aspect of efficiency in the TAL model is economies of scale/capacity utilisation. Where installed capacity is not sufficient to accommodate traffic surges, quality and reliability of service will most likely be affected. Contrariwise, a network with excess capacity under the control of an operator who can influence interconnect price would, more than likely, lead to excessively high interconnect prices.

3.5.1
Efficiency Throughput capacity in terms of BHCA is a measure of utilization of installed switching capacity to deliver peak traffic loads. It is estimated by measuring the volume of excess/under capacity per switch and multiplying the result by unit cost. That is:

12. (BHCAj = BHCAj [(1-(j)(Kj)]

Where:

(BHCAj =  Economic value of excess/under capacity;

BHCAj = Expected peak hour call attempts per switching component;

(j = proportion of capacity of each switch required to deliver BHCAj; and

Kj = annualized unit investment cost of each switch. (annualized investment cost/annual minutes of traffic throughput at same switch)

3.5.2
Efficiency Throughput Capacity (BHE) as per utilization of installed capacity of each switch to facilitate throughput of BHEj is derived by the formula:

13. (BHEj = BHEj [(1-(g)(Kj)]

Where:

(BHEj = Economic value of excess/under capacity per switch;

(g = proportion of capacity of switch installed used to deliver BHEj;  and
Kj = annualized unit investment cost of each switch.

3.5.3
Minimum Inefficiency

The model takes into consideration manufacturing dimensions of telecommunication equipment may not be consistent with demand capacities in many TAL countries. In the circumstances, some operators may have little or no recourse in purchasing equipment with capacities in excess of expected demand.

In recognition of this problem, excess capacity should be adjusted to ascertain:

· whether the excess was avoidable; and

· If not, what is the most efficient level of unavoidable excess capacity that a regulator should allow an operator.

As a case in point, assume expected BHCA for LSs requires capacity Sm but such switches are only available in capacities of at least Sm + N, nevertheless the operator elected to install LSs with capacity beyond Sm + N (for example Sm + Q). Then if :

Q*Pq >N*Pn

Where

Pn = price of N; and

Pq = price of Q

The difference, P*Pq – N*Pn.  is regarded as inefficient excess capacity (the efficiency gap).

Similarly if:

P*Pq < P*Pn

and the operator is operating with a switch with capacity Sm + N the difference between P*Pq an N*Pn is the efficiency gap.

In essence, efficiency gains require: where excess capacity on the conveyance network is inevitable, the network should be configured so that unit cost of unavoidable excess capacity is at a minimum. In other words, Efficiency Gains in terms of economies of scale denote movement toward minimum unit cost of unavoidable excess capacity.

Thus adjusting BHCAj,  in order derive the minimum level of unavoidable inefficiency in terms of network capacity utilization, we get:

14. ŷBHCAj = {BHCAj  [(1-(o )(Ci)}

Where:

ŷBHCAj = BHCAj, throughput per switching component adjusted for minimum inefficiency;

(o         = proportion of capacity of most efficient switch required to deliver BHCAj , and

Ci
  = annualised unit investment cost of most efficient switch.

The efficiency gap per switching component in terms of BCHA, (EGj) can be measured by the formula:

15. EGj = (BHCAj - ŷBHCAj
Similarly:

Where:

(k = proportion of capacity of most efficient switch required to deliver BHEj.
Ci  = annualised cost of switch of most efficient switch.

Then: expected throughput in terms of BHE adjusted for minimum inefficiency (ŷBHEj) can be represented as:

16. ŷBHEj = BHEj [(1-(k)(Ci)]

The efficiency gap in terms of BHE (EGi), could be estimated by the formula:

17. Egi = (BHEj - ŷBHEj
SECTION 4 - Estimating Unbundled Interconnection Costs:Transmission

Total cost of transmitting services over the conveyance network involves the costs of delivery of narrow band and leased line services.

4.1.1
Transmission Costing Methodology/Procedure

The methodology adopted for modeling the costs of transmission elements involves processes and procedures as follows:

Phase I. Identify transmission network linkages to be modeled, equipment and infrastructure as applied to a reasonable modern network. .

4.1.2
Transmission Network Linkages

The transmission linkages modeled are the following:

· RAU-LS

· LS-LS

· LS-TS

· TS-TS

4.1.3
Transmission equipment and infrastructure include:

· Electronics

· Optic Fibre

· Trench

Phase II. Source information re existing transmission network architecture, collect and collate data (per type of transmission linkage) re transmission equipment and infrastructure.
4.1.3. Network Architecture

As supplied by the incumbent/significant provider

4.1.4. Data Base

The support of the incumbent/significant provider is essential in order to prepare data base re;

· Transmission network equipment(number of multiplexers);

· infrastructure associated with transmission elements (number of transmission routes  per linkage and average distance per link route);

· Amount of cable ducted as against that buried (it is cheaper to bury cable);

· The proportion of trench/duct sharing with other network components (the access network) and/or by other networks;

· Average number of cables per trench/duct;

· Number and type of regenerators and sites;

· Size of cable;

· Total cable length;

· Length of fibre;

· Number of fibre per cable;

· Digital cross connect

· Line termination system

· Routing factors per transmission component;

· Total traffic carried on Leased line and PSTN;

· Design margins etc.

In terms of relating data collection on transmission equipment and infrastructure per transmission component Tables 3 and 4 refer.

Table 3

Data Base

Infrastructure

	Infrastructure
	RAU-LS
	LS-LS
	LS-TS
	TS-TS

	
	
	
	
	

	Avg. Trench Length
	
	
	
	

	Trench Sharing Factor
	
	
	
	

	Avg. Cable Length
	
	
	
	

	Number and Size of
	
	
	
	

	Cable
	
	
	
	

	Length of Fibre
	
	
	
	

	Number of Fiber
	
	
	
	

	Numer of logical
	
	
	
	

	Routes
	
	
	
	

	Number of Sites
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Table 4

Data Base

Electronics

	Equipment
	RAU-LS
	LS-LS
	LS-TS
	TS-TS
	
	

	
	
	
	
	
	
	

	Number of
	
	
	
	
	
	

	STM 1
	
	
	
	
	
	

	STM 4
	
	
	
	
	
	

	STM 16
	
	
	
	
	
	

	Number of
	
	
	
	
	
	

	Regenerators:
	
	
	
	
	
	

	STM-1
	
	
	
	
	
	

	STM-4
	
	
	
	
	
	

	STM-16
	
	
	
	
	
	

	Number of
	
	
	
	
	
	

	Digital
	
	
	
	
	
	

	Cross Connect
	
	
	
	
	
	

	Line Termination
	
	
	
	
	
	

	System
	
	
	
	
	
	

	Total
	
	
	
	
	
	


Phase III. Make appropriate technology assumptions and prepare schematic of a modern transmission network.
4.1.5.  Electronics Technology Assumptions

Choice of transmission technology is reserved for the regulator. However, since the concept of the model is accrual efficiency gains, the model assumes that:

i.
Long run efficiency requires operators to move to Synchronous Digital Hierarchical  (SDH) transmission at least at the level of inter-linkage between and tandem and local switches, Diagram 5. refers.

ii.
Technology choice is encouraged by the reality of the effects of new transmission and routing technology on improvement in end-to-end network management capability.
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X indicate Digital Cross Connect.

iii. The Link between RAUs and LS could be point-to point via points of confluence that are, in effect, at RAU sites.

iv. The number of points of confluence is determined by the number of RAU sites.

v. The multiplexers are sized according to traffic loads.

vi. Where RAUs are linked to LS rings, demand in terms of Mbit/s of traffic on the network would influence the number of LS rings which could vary in capacity ranging STM 1 – STM 64 .

vii. Data on the number and capacity of multiplexers sourced from the operator may be adjusted for efficiency using the following criteria:

· Each ring is controlled by a TS with multiplexing equipment of the appropriate size.

· The number of multiplexers is determined by the number of TS and the number of add drop multiplexers is consistent with the number of other nodes connected to the ring.

Viii. Assuming data are provided by the operator re: length and number transmission links, the optimal number of regenerators can be estimated, since the number of regenerators is influenced by the length of transmission links, the number of physical routes etc.

ix. All TSs are interconnected to enable efficient traffic routing.

x. Provision is made for digital cross connects located at TSs to allow greater flexibility at higher corridors of the network.

4.1.6
Infrastructure Assumptions

The model assumes that:

i. All cable leading up to RAU is buried. So infrastructure equipment refers to an underground plant comprising trench ( ducts), cable and the fibre carried in the cable.

ii. Infrastructure costs are therefore a function of the following determinants:

· Distance

· Amount of cable ducted as against that buried (it is cheaper to bury cable).

· The proportion of trench/duct sharing with other network components (the access network) and/or by other networks.

· Difficulties posed by terrain topography.

iii.
Cable costs are determined by:

· Average number of cables per trench/duct

· Size of cable

· Total cable length

· Length of fibre

· Number of fibre per cable.

Phase IV. Establish Efficiency Criteria

Where such data are collected from the operator, checks should be made for efficiency based on the following principles:

· Average number of cables per trench/duct as a determinant of the size per cable;

· Total cable length = number of cables multiply by actual length of duct/trench;

· Length of fibre should approximate number of transmission routes multiplied by 2, multiplied by average length of transmission route.

· Estimates of number of fibre per cable could be derived by dividing length of fibre by cable length.

Phase VI. Estimate current unit and total investment expenses per transmission linkage.

A proto-type cost table is at Appendix V

Phase VII. Estimate depreciation expenses

4.1.7 Annualize investment cost, taking into account asset lives, anticipated price changes, and cost of capital. Annex A and Appendix V refer.

Phase VIII. Estimate (and add to depreciation) Annual OPEX ;

4.1.8. The methodology proposed in this model to estimate annual OPEX as a factor of current asset investment cost (Table 5).

Table 5

	
	2
	3
	

	Transmission
	Annualized
	OPEX Factor
	OPEX

	
	Investment
	(% of 2)
	(2*3)

	
	Cost
	
	

	Electronics
	
	
	

	Cable
	
	
	

	Fibre
	
	
	

	Total
	
	
	


Phase IX Estimate (and add) Ancillary/indirect Cost

Ancillary costs are derived proxies of international ratios denominating  such costs in terms of percentages of total direct network cost. The proxy ratios should be adjusted in accordance with local economic peculiarities and relevance to the cost of interconnection.

4.1. 9. Estimating Ancillary Capital and Operation Costs

Tables 6 and 7 show data for ancillary capital costs and ancillary and OPEX adopted from the interconnect model of the National Economic Research Associates.

Table 6

Estimating Ancillary Capital Costs

	1
	2
	3
	4
	5
	6
	7
	8

	Asset
	Local
	Trunk
	Adjustment
	Total
	Adjustment Factor
	Iterconnect

	
	(Median)
	(Median)
	Factor
	Cost
	General
	Local
	Trunk

	
	%
	%
	(economic)
	
	%(5)
	%
	%

	Land
	0.2
	0.28
	
	
	50
	0.1
	0.14

	Vehicle
	1
	0.03
	
	
	90
	0.9
	0.03

	Other
	
	
	
	
	
	
	

	Equip
	0.87
	1.31
	
	
	90
	0.79
	1.18

	Building
	3.59
	7.45
	
	
	50
	1.79
	3.73

	Furniture
	0.29
	0.07
	
	
	50
	0.15
	0.03

	Office
	
	
	
	
	
	
	

	Equip
	0.74
	0.03
	
	
	50
	0.37
	0.02

	General
	
	
	
	
	
	
	

	Computers
	2
	0.78
	
	
	50
	5.99
	19.3

	Total
	8.69
	9.95
	
	
	
	4.89
	5.43


Table 7

Estimating Ancillary Operation Expenses

	1
	2
	3
	4
	5
	6
	7
	8

	Activity
	Local
	Trunk
	Adjustment
	Total
	Adjustment Factor Interconnect

	
	(Median)
	(Median)
	Factor
	Cost
	General
	Local
	Trunk

	
	%
	%
	(economic)
	
	%(5)
	%
	%

	Carrier
	
	
	
	
	
	
	

	Services
	6
	6
	
	
	100
	6
	6

	Executive
	1.7
	3.56
	
	
	40
	0.68
	1.42

	Planning
	0.28
	0.28
	
	
	60
	0.17
	0.17

	Accounting
	
	
	
	
	
	
	

	& Finance
	4.08
	8.9
	
	
	60
	2.45
	5.43

	External
	
	
	
	
	
	
	

	Relations
	3.2
	2.71
	
	
	60
	1.92
	1.63

	Human Res.
	3.17
	2.85
	
	
	50
	1.58
	1.43

	IT Admin
	12.93
	17.25
	
	
	40
	5.17
	6.9

	Legal
	1.06
	4.86
	
	
	50
	0.26
	1.21

	Purchasing
	0.69
	0.16
	
	
	80
	0.55
	0.13

	Other
	11.98
	38.59
	
	
	50
	5.99
	19.3

	Total
	45.09
	85.17
	
	
	
	24.78
	43.3


Phase X. Estimate cost of services delivered over leased lines.
4.2. Accounting For of Leased Lines Services

Where capacity in the PSTN is dedicated to leased line services, costs associated with the delivery of such services have to be estimated and deducted from total cost to derive more reasonable cost of narrow band services. It should be noted that other than leased lines, public data and other special services make use of the PSTN.

The model assumes that total leased line cost is contingent on the proportion of the PSTN dedicated to the delivery of leased line services.

Therefore, the procedure to identify such costs involves:-

I. Collect data from operator re number 2Mbits links used by:
· Retail carriers

· Mobile carriers
· Other services delivered by incumbent.
II. Assuming the 100% capacity usage by leased lines.
III. Estimate total leased line traffic in mbit/s consistent number of 2 mbit/s links dedicated as to retail carriers, mobile carriers and other services of the incumbent see Section 5 (5.1.3).
IV. Calculate total leased line capacity  as a proportion of total PSTN capacity.
V. Where leased line share trench and cable with PSTN services allocate shared cost across the two services on the basis of capacity proportion.
VI. Estimate to total costs involved in the delivery of leased line services.
Phase XI. Subtract total cost for the delivery of transmission of leased line services from total cost of delivering all services on the transmission network.

Phase XII. Adjust cost transmission components costs proportionate to reduction due to subtraction in leased line cost.
Phase XIII. Access Cost of Micro Wave Transmission

In mountainous terrain in TAL countries, microwave transmission could be most cost efficient and therefore should be included in modeling transmission component costs.

This could be done using the following process:

a) Identification of Equipment

The basic equipment used for wireless transmission are:

Radio Termination Equipment (RTE);

Masks;

Regenerators;

Antennae, and

Microwave Sites.

The methodology for costing equipment is similar to that suggested for costing circuit transmission components.

b) Technical Assumptions

The model assumes:

· Microwave connections are at TSs, where distances are normally longest.

· The length /number of physical routes served by microwave is approximated by the percentage of network served by microwave.

· Radio termination and towers are at each end of the transmission link.

· Average distance between masks is approximately 75km.

· Specifications in respect of the range of towers (heavy, medium, light) and percentage of TS-TS linkage served by each to tower are provided by the operator.

· Antenna equipment comprise all electronics installed on each mask (dishes, antennae, waveguides etc)

· No cost sharing between TS-TS transmission links and the access network.

Section 5 - Dimensioning Traffic Throughput over the Transmission Network

The process involves estimating the proportion of traffic transmitted over each component.

5.1.1 Methodology

The cost driver of the transmission network is Mbit/s of traffic. The methodology adopted to estimate Mbit/s of traffic throughput includes:

Step I. Convert aggregate throughput of switched traffic in minutes to BHE then into Mbit/s;

Step II. Estimate leased circuit throughput of traffic (leased circuit demand for transmission components);

Step III. Apply routing factors to determine throughput narrow band traffic per transmission component;

Step IV. Adjust for actual capacity uitlization and efficient capacity utilization; and

Step V. Estimate efficiency gap.

5.1.2. Formulae for Estimating Narrow Band Traffic Throughput

Throughput of switched traffic on the transmission network is converted into Mbit/s using the formula:

1. Ě = BHE / (# * α /2)

Where:

Ě 
=  throughput of switched traffic in Mbit/s;

BHE 
=  aggregate throughput minutes of switched traffic in BHE;

# 
= traffic intensity (erlangs per circuit); and

α 
=  number of 64kbit/s channel in a 2 Mbit/ circuit;

2 
    is the conversion factor for 2 Mbit/s into Mbit/s.

Providing for growth gives:

2. Э = Ě (1+ g)

Where:

Э = Ě adjusted for growth ;

g = growth factor

5.1 .3. Leased Line Traffic

The model assumes leased line traffic is a function of Mbit/s capacity for leased lines demanded. This requires leased line throughput capacity measured in terms of 64Kbit/s to be converted to Mbit/s. This can be done by applying the formula:

3. Dl  = (N*()/2

Where:

Dl is current throughput of leased lines in Mbit/s;

N is the number of 64Kbit/s leased lines;

( is the number of 64Kbit/s channel in 2 Mbit/s;

2 is the conversion factor for 2Mbit/s into Mbit/s.

Adjusting leased circuit throughput for growth, the equation becomes:

4. D1 = Dl  (1+ Ğ)

It is assumed that leased line utilization capacity is 100%.

5. 1 4. Total Traffic

Total traffic on the conveyance network is therefore:

5.Ę = Э + D1

Where:

Ę = total throughput on transmission network in Mbit/s;
Э = throughput of switched traffic in Mbit/s; and

D1 =  throughput of leased circuit traffic in Mbit/s.

5.1.5. Estimating Network Component Throughput

Throughput per transmission component is as a function of routing factors.  Data on routing  per component should be  obtained from incumbent/significant provider. Where data are not available, proxy routing factors are given at Annex C.

5.1.6. Application of Routing Factors

6. Ēj = Э * Ri

Where:

Ēj  = narrow band throughput per transmission component in Mbit/s ;

Э = total narrow band throughput on transmission network in Mbit/s; and

Ri  = routing factor per transmission component.

5.1.7. Efficiency Analysis:

7. Y Ēj = Ēj [(1-ωj)иj]

Where:

Y Ēj = actual throughput efficiency in Mbits per transmission component;

Ēj  = total throughput per transmission component in Mbit/s
ωj  = proportion of component capacity utilized.

иj = annualized unit investment cost of transmission component.

5.1.8. Minimum Inefficiency

Maximum acceptable efficiency or minimum inefficiency χY Ēj  can be derived by the formula:

8. χY Ēj = Ēj[(1-ώ)(ńj)

Where:

ώ = proportion of capacity of transmission component required to transport Ēj
ńj = lowest unavoidable annualized unit investment cost of transmission component.

5.1.9. Estimating Efficiency Gap

The efficiency gap for narrow band transmission, Ÿ is therefore:

9. Ÿ = Y Ēj - χY Ēj
5.2. Unit Conveyance Costs

Unit costs of conveyance components are a matrix of cost/traffic volume ratios (Table) .

Table 8

Unit Conveyance Costs
	
	1
	2
	3

	
	Total Cost
	Total volume
	Unit cost =

	
	
	of traffic
	(1/2)

	Switching
	
	
	

	Tandem Switch
	
	
	

	Local Switch
	
	
	

	RAU
	
	
	

	Transmission links
	
	
	

	TS-TS
	
	
	

	TS-LS
	
	
	

	LS-LS
	
	
	

	LS-RAU
	
	
	


Section 6 - EFFICIENCY GAINS MODELING OF ACCESS NETWORK

Efficiency Gains modeling of the access network involves a series of steps beginning with assumptions and culminating with estimates of cost per line.

6.1
Methodology

Step 1. General Assumptions

The first step in applying the Efficiency Gains technique in modeling the access network is to make appropriate assumptions about an efficient network.

i. As indicated above, the access network is defined in terms of connection between the subscriber line card at the main distribution frame and customer premises, Diagram 2 refers. This connection could either be at a local switch (TS) or a remote access unit (RAU).

ii. An RAU could either be a  Remote Access Concentrator (IRIM) or a Remote Switch (RSS/RSU).

iii. The capacity of an IRIM range between 180-480 line cards while RSS/RSU is 2,048 line cards.

iv. Cost of the access network is defined in terms of cost per line and is not sensitive to volume of traffic.

v. The access network could be either: copper local loop, fibre local loop or radio.

vi. Copper access is the most common form of access.

vii. Access deficit is the difference between cost per line and charge per line.

viii. Radio is deemed to be basically important for remote rural areas.

ix. Fibre is used in the local loop mainly to facilitate some business access.

Step 2. Prepare classification of customers/connection in terms of distance e.g:

Urban

Sub-urban

Rural

Remote-rural

Step 3. Data collection re: number and type of urban connections (generally urban customers are connected directly to LSs); number and type of sub-urban and rural connections (these customers are normally connected to RAUs) and the number and type remote rural connections (customers may be served by radio connection).

Step 4. Access information regarding average distance per customer in each geographical area.

Step 5. Where connection to a LS or RAU involves a pillar, collect data re: number of connections and the average distance per connection between the pillar and customer premises.

Step 6. Calculate ratios of connection type per geographical area e.g. for urban areas, number of fiber connections/number of copper connections.

Step 7. Calculate customer density per area.

Step 8. Model access cost on the basis of technology application i.e:

· Copper

· fibre

· radio

6.2 Modeling Copper Access

Based on the above assumptions, modeling copper access involves the following iterations:-

6.2.1.Verify and Specify Existing Network Architecture

This process may be guided by the three basic types of architecture for copper access shown at Diagrams 2, 6 and 7.

6.2.2. Identification of Network Equipment

Source from the operator a list of equipment in terms of asset type, quantity and capacity re: connection between customer premises and MDF. It is assumed that the connection between customer premises and the MDF at the first switch site (IRIM, RSS/RSU or LS) constitutes the following equipment:

a) Network termination equipment at the network termination point of the customer premises;

b) A dedicated single copper pair running from the customer premises to the distribution point (DP);

c) A multi-pair cable connecting the DP to the first cable junction (CJ);

d) Sections of multi-pairs of cables connecting the CJs.

e) Pillars for connections using RSS/RSUs.

f) Multi-pairs of cable connecting the last CJ/Pillar to the MDF.

g) All equipment comprising the line side of LS or RAU used exclusively by the access network.
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6.2.3. Efficiency Adjustment
The number of copper lines installed in the access network of the incumbent operator is seldom equivalent to the number of end user lines or number of services in operation (SIO). Additional capacity is normally installed to cater for increased demand for lines.

In this regard, the regulator needs to derive a best practice proxy in terms of :

· The optimal copper pairs/SIO ratio in the distribution network ( customer premises to IRIM/Pillar);

· Optimal copper pairs/SIO ratio on the feeder network ( Pillar to RSS/RSU or LS).

· If necessary, optimal size of pillar in terms of the existing network. It should be noted that typically, a pillar can facilitate a maximum of 5 x 100 pair cables coming from the distribution network and 3 x 100 pair cable going to the feeder network; and

· The optimal line card/SIO ratios per IRIM, LS or RSS/RSU respectively.

6.2.4. Specification of Cost Drivers

The most critical cost drivers are distance and cable size.

Regulators will have to depend on the operator for such information.

6.2.5. Deriving Total Cost per Area.

As illustrated at Appendix  VI the iterations for deriving total cost of the copper access network is as follows:

i. Estimate cost of the network termination point (NTP), (customer specific cost).

ii. Calculate the cost of the final drop (single copper pair), (customer specific cost).

iii. Estimate costs of copper cables of varying sizes leading to the MDF (shared costs).

iv. Calculate costs associated with distribution points and cable junctions (parts of the average cable costs, these costs are shared costs).

v. Estimate the costs of trenching (costs are shared costs).

vi. Estimate the cost of pillars (if necessary).

vii. Estimate costs of a line cards at RAU sites and LS sites (cost is customer specific though the coat of sparing is shared).

viii. Estimate the proportion RAU/LS site costs attributable to access (shared cost).

ix. Annualize asset costs, taking into consideration asset life, price movement, productivity factors etc.

x. Estimate annual OPEX  and add to annualized asset cost;

xi. Estimate opportunity cost of capital (including reasonable return on investment)

xii. Estimate and add factor for ancillary costs.

xiii. Estimate average total cost (ATC) by adding the total cost of the three geographical areas where copper is most likely to be used and divide by three. Appendix VII provides for allocating shared costs by geographical area.

6.3. Estimating Demand

Current demand for the access network Da  is expressed as:

1. Da = Ln + Ln*

Where:

Ln = Number of existing lines

Ln*= unfulfilled request for line installation

Potential demand Dp  is given as:

2. Da = Dα
Where:

Dα =  a factor for long run growth in demand for lines (long run is at least 5 years)

Dα = βDa
Therefore total demand for lines (Dt ) is:

3. Dt  = Da  + Dα
Or

4. Dt  = Da (1+ β)

6.4). Estimating Cost per Line

Short Run Average Total Cost (SRATC) per line is the ratio: average total cost/current demand:

5. SRATC = ATC/ Da

Long Run Average Total Cost (LRATC) per line is the ratio: average total cost/total demand for lines: Modules for calculation such costs are at Table 9.

6. LRATC = ATC/ Dt
Table 9

Unit Access Costs
	
	1
	2
	3

	Area
	Total
	Number of
	Cost per

	
	Cost
	Lines
	Line (1/2)

	a) Urban
	
	
	

	b) Sub Urban
	
	
	

	c) Rural
	
	
	

	Total
	(1a+1b+1c)
	(2a+2b+2c)
	

	Average cost per line
	(1a+1b+1c)
	/(2a+2b+2c)
	


6.5 Radio Access

The cost of radio access converges closer to the cost of mobile telephony than copper access. At the last Study Group 3 meeting in June, 01 an ad hoc committee was established to derive cost methodology for mobile telephony. That work should prove useful in informing the methodology to be applied in costing radio access.

In the interim, costing radio access can be done by applying the following procedure:

Assuming rural remote customers  make up a  small proportion of current demand, apply a best practice factor derived form the ratio: per line cost of radio access/per line cost of fibre access. The factor should be adjusted to take into consideration the effect of distance.

6.6 Fibre Loop

The growth of fibre local loop (fiber getting closer to the curb is, in large measure, driven by demand for non-PSTN services. Indications are that this development does not significantly affect the average cost of local access. Except where amount of lines or capacity are required by a single user, as in the case of big business, copper local loop seems to be cheaper than fibre loop.

It is reasonable to assume that the demand for local fibre loop in the TAL region has not matured to the level where it would impact significantly the average access cost per line. In the circumstances, fibre local loop was not modeled at this point in time.

6.7 Adjustment for Aerial Cable

The model assumes no aerial cabling. In effect, zero aerial cabling on the local loop may be futuristic in many TAL countries. However, the permutations involved in modeling aerial cabling are very demanding. In any case, certain studies have shown that the cost of aerial cabling is close to that of ploughed trench. As such in areas where aerial cabling is predominant the cost of ploughed trench per metre can be used as a proxy for the cost per metre of aerial cabling. It should be noted that in this case, further adjustment may be necessary to reflect the issue of pole sharing as against trench sharing.

ANNEX A

6.6.1.1.1.1 ASSESSMENT OF ANNUAL CHANGE VALUE OF ASSET (DEPRECIATION)  

Depreciation refers to change in the economic value of assets over time. The economic value of an asset in any year n is equal to th

present value of the expected future revenue of output over the life of the asset less the present value of the operating costs associated with running the asset . Different methods of depreciation can lead to different values for depreciation for identical assets. It is there fore critical that the most suitable method of depreciation is chosen in order to reduce inaccuracy in cost estimates.

 The method of depreciation selected is contingent on: 

I. Likely changes in real asset price over the life of the asset, subject to influences such as technology and productivity profile of the asset;

II. Revenue earning capacity over the life of the asset, dependent on variables such as movement in demand and or the fall of output generating capacity consequent on wear and tear;

III. The running cost (maintenance costs) over the life of the asset, ceteris paribus there is an inverse relationship between running costs and the operators ability to recover costs;  and 

IV. The cost of capital.    

Declining price of an existing asset over the life of the asset, compounded by reduction in output, rising maintenance costs and higher levels of productivity of new comparative new asset, would reduce the value of the asset over time. In such a case it logical to front-loaded depreciation (higher depreciation charge early in the life of the asset).

This scenario may be best captured by applying the sum of digits method.

Sum of Digits Formula (front loaded)  

Sum of Digits = [2/(asset life +1) + cost of capital]* asset value. 

For an asset with a five year life span the depreciation factor is: 

Sum of digits = 1+2 +3 + 4 + 5 = 15 

 
        = 5/15 


        = 0.33 + cost of capital 



Sum of Digits Formula (back loaded) 

Sum of digits = 5+4+3+2+1= 15 

                    = 1/15

                    = 0.06 + cost of capital 

Geometric depreciation is applied where it is necessary to calculate annual depreciation charge as as a percentage of capital investment. The two formulae are the following: 

Geometric Formula (front-loaded) = 1-exp[log(scrap value/investment)/asset life] + cost of capital 

Geometric Formula (back-loaded) =  0 + cost of capital.

Where the real price of assets are not likely to change significantly over the life of the asset and a basket of revenue and running costs is expected to remain virtually constant over the life of the asset, straight line depreciation may be the most applicable.  

Straight Line Depreciation Formula 

Straight line = [(1/asset life) + cost of capital] * asset value  

Adjusted Straight Line Depreciation 

The formula for Adjusted Straight Line depreciation is similar to that of  Straight Line depreciation save and except that adjustment is made to account for change in depreciation charge as a consequence of reduction in the real price of the asset. The formula is given as: 

Adjusted Straight Line Depreciation = [(1/asset life) – asset price trend + cost of capital]* asset value 

Annuity Depreciation  

This method allows the asset value to change in equal sums over its life span. However, most of the payments early in the life of the asset go toward recovering the cost of capital while at the end of the asset life, most of the charges go toward depreciation. It is liken to mortgage arrangements where most of the payment early in the life of the mortgage go towards interest payment while in the later years most of the payment go toward the principal. The standard Annuity formula is 

Annuity Depreciation = {1- [1/(1+ cost of capital)] ^ asset life} 

ANNEX B

	
	

	
	

	
	NON-NETWORK COSTS (TRANSMISSION) 

	Capital Costs
	

	Land 
	All lands used to deliver the service, other than that dedicated to laying 

	
	cable, switch sites of for other network euipment.

	Building
	Those not used for operational Purposes but 

	
	contribute to delivery of service. 

	Vehicles 
	Those licensed to operate and associated with the 

	
	delivery of the service.

	General Purpose 
	Computers used for administration, information processing activities

	Copmuters 
	except switching, signaling and other network operation.

	Other Equipment 
	General Office tools, office equipment and furniture. 

	
	

	Operating Costs 
	

	Executive 
	Expenses related to corporate policy and providing administrative 

	
	and managerial services. 

	Planning 
	Expenses incurred to chart growth part of organization over the 

	
	long run. 

	Accunting & Finance 
	Expenses undertaken to provide accounting and financial 

	
	services. 

	Information Management 
	Cost of operating and maintaining hardware and software 

	
	for general computers.

	Legal  
	Cost of providing legal services to the company.

	R&D
	Expenses dedicated to technology improvement.

	Other 
	Other related costs that are approved by the regulator.

	Total Non-network Costs 
	

	
	


6.6.1.2 ANNEX C

Network Traffic Routing

Unit cost of traffic over network component is the ratio cost per component/traffic throughput of said component. Traffic throughput per component is a function of the intensity of which that component is used to switch or transport traffic entering the conveyance network. This is determined by the routing pattern of each call.  

One of the determinants of routing pattern is customer connection. If per example 30% of connections are at IRUM then a single end call will pass over 0 .30 of the LS-IRIM transmission links. A call with two domestic ends will therefore pass over 0.60 LS-IRIM transmission links. The integer for routing pattern or routing factor indicates the average number of components used to terminate a call weighted by the frequency of the route.

Table I

Hypothetical Routing Factors

	Route 
	LS_LS
	LS-TS
	TS-TS
	LS
	TS

	Double End Calls 
	
	
	
	
	

	P-LS-P
	0
	0
	0
	1
	0

	P-LS-LS-P
	1
	0
	0
	2
	1

	P-LS-TS-LS-P
	0
	2
	0
	2
	1

	P-LS-TS-TS-LS
	0
	2
	1
	2
	2

	
	
	
	
	
	

	Single End Calls 
	
	
	
	
	

	P-LS 
	0
	0
	0
	1
	0

	P-LS-LS
	1
	0
	0
	2
	0

	P-LS-TS
	0
	1
	0
	1
	0

	P-LS-TS-TS
	0
	1
	1
	1
	2


Table II

Proposed Routing Table by Calls

	Route 
	Local
	L/Distance
	Mobile 
	International 

	Double End Calls 
	
	
	
	

	P-LS-P
	
	
	
	

	P-LS-LS-P
	
	
	
	

	P-LS-TS-LS-P
	
	
	
	

	P-LS-TS-TS-LS
	
	
	
	

	
	
	
	
	

	Single End Calls 
	
	
	
	

	P-LS 
	
	
	
	

	P-LS-LS
	
	
	
	

	P-LS-TS
	
	
	
	

	P-LS-TS-TS
	
	
	
	


	Appendix I
Network Costing Table - Switch Type

	 
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	EQUIPMENT 
	Equipment 
	Number of
	Total 
	Capital
	Asset
	Price 
	Revenue 
	Productivity
	Depreciation
	Depreciation

	 
	&installation
	Units 
	Cost 
	Cost
	life 
	Trend 
	Projection
	projection 
	Method
	Charge 

	 
	Cost
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	(current) 
	 
	 
	 
	 
	 
	
	 
	 
	 

	Subscriber Line Termination 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Unit 
	 
	 
	 
	 
	 
	 
	
	 
	 
	 

	Processor (fixed Cost)
	 
	 
	 
	 
	 
	 
	
	 
	 
	 

	Processing (variable cost) 
	 
	 
	 
	 
	 
	 
	
	 
	 
	 

	Switch Block 
	 
	 
	 
	 
	 
	 
	
	 
	 
	 

	Digital Line Termination Unit 
	 
	 
	 
	 
	 
	 
	
	 
	 
	 

	(2mbit/s port) 
	 
	 
	 
	 
	 
	 
	
	 
	 
	 

	i)Total Investment Cost 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	ii)OPEX (% of investment 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	costs annualized)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Site Costs (allocated ) 
	 
	 
	 
	 
	 
	 
	
	 
	 
	 

	 Land  
	 
	 
	 
	 
	 
	 
	
	 
	 
	 

	 Building 
	 
	 
	 
	 
	 
	 
	
	 
	 
	 

	 Power  
	 
	 
	 
	 
	 
	 
	
	 
	 
	 

	 Ventilation  
	 
	 
	 
	 
	 
	 
	
	 
	 
	 

	 Etc  
	 
	 
	 
	 
	 
	 
	
	 
	 
	 

	 iii) Total  
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 iv Total Other Ancillary  
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 Costs (Appendix IX)  
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	v) Allocated Cost of STP
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	vi). Allocated 
	 
	 
	 
	 
	 
	 
	
	 
	 
	 

	Synchronization Cost
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Total  Costs = sum I,
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	ii, iii, iv, v, vi
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	
	
	
	

	Equipment cost = Current cost at which the equipment is made available to incumbent. 
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Appendix V
Transmission Cost Table

	 
	Unit Cost 
	Number of 
	Total
	Asset 
	Price 
	Capital 
	Revenue 
	Productivity
	Depreciation
	Depreciation 

	Transmission 
	(current)
	Units 
	Cost 
	Life 
	Trend 
	Cost 
	Projection 
	Projection 
	Method 
	Charge 

	             Electronics
	
	
	
	
	
	
	
	
	 
	 

	STM1
	
	
	
	
	
	
	
	
	 
	 

	STM 4
	
	
	
	
	
	
	
	
	 
	 

	STM-16
	
	
	
	
	
	
	
	
	 
	 

	STM-64
	
	
	
	
	
	
	
	
	 
	 

	Regenerators STM
	
	
	
	
	
	
	
	
	 
	 

	Digital Cross Connects 
	
	
	
	
	
	
	
	
	 
	 

	Line Termination System 
	
	
	
	
	
	
	
	
	 
	 

	STM1
	
	
	
	
	
	
	
	
	 
	 

	STM 4
	
	
	
	
	
	
	
	
	 
	 

	STM 16
	
	
	
	
	
	
	
	
	 
	 

	STM 64
	
	
	
	
	
	
	
	
	 
	 

	Sub Total 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	          Infrastructure
	
	
	
	
	
	
	
	
	 
	 

	Cable /Metre
	
	
	
	
	
	
	
	
	 
	 

	12 Fibre Cable 
	
	
	
	
	
	
	
	
	 
	 

	24 Fibre Cable 
	
	
	
	
	
	
	
	
	 
	 

	48 Fibre Cable 
	
	
	
	
	
	
	
	
	 
	 

	96 Fibre Cable 
	
	
	
	
	
	
	
	
	 
	 

	Sub Total 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Trench/Metre* Sharing factor
	
	
	
	
	
	
	
	
	 
	 

	Urban
	
	
	
	
	
	
	
	
	 
	 

	Sur-Urban
	
	
	
	
	
	
	
	
	 
	 

	Rural 
	
	
	
	
	
	
	
	
	 
	 

	Remote Rural 
	
	
	
	
	
	
	
	
	 
	 

	Total Investment Cost 
	
	
	
	
	
	
	
	
	 
	 

	OPEX (% of investment cost 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	annualized 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Other Ancillary Costs (% of 
	
	
	
	
	
	
	
	
	 
	 

	Investment costs Annualized 
	
	
	
	
	
	
	
	
	 
	 

	Total Investment Cost 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


7 Annex 5:

TAS Group

TAS cost methodologies

7.1 TAS Group cost elements for inward IDD services

7.1.1 Direct relations

7.1.1.1 Direct costs

7.1.1.1.1 Facility, investment & operating costs

1)
International exchange cost:


–
International telecommunication maintenance and operation center.


–
Telephone exchange.


–
Associated transmission & signaling equipment.

2)
Earth Station.

3)
Cable Station.

4)
Submarine/terrestrial cable system.

5)
National links between Earth Stations and Cable Landing Station and international exchanges and between international exchanges.

6)
International terrestrial radio links.

NOTE – Investment means depreciation or replacement expenses. Operating means operation and maintenance costs associated with these facilities and should include costs incurred during the year on regular and normal repairs; consumable materials, electricity and other utility charges; rentals; labour costs of staff providing operation, repair and maintenance.

7.1.1.1.2 Rental and lease cost

1)
Space segment.

2)
Facilities where applicable (for example leasing an exchange).

3)
Administration lease.

7.1.1.1.3 National extension cost

a)
Combined international/national ROA investment and operating cost:


1)
national exchanges;


2)
national transmission facilities;


3)
local loop, if applicable and identified under a bilateral or multilateral agreement; 

or

b)
Separate international and national ROA:


Payment by international ROA to the national ROA on the basis of:


1)
per minute;


2)
annual lump sum;


3)
revenue/cost sharing:



(e.g. percentage of International collections); or


4)
combination of any of the above three.

7.1.1.1.4 Cost of funds invested

1)
Interest and charges on borrowed funds.

2)
Reasonable return on own investment.

7.1.1.2 Indirect costs

a)
General Administration (non-facility):


1)
Human resources and human resources development.


2)
Building and its support services (depreciation).


3)
Office equipment (depreciation).


4)
Transport and travel.


5)
Management system (e.g. accounting system).

b)
Appropriate taxes or equivalent.

7.1.1.3 Other related costs

Other costs may qualify for inclusion by bilateral agreement, e.g.:

–
Temporary alternative routing (overflow transit);


NOTE – Inclusion of transit costs is applicable only for incoming terminating overflow traffic where D.155 divisioning of accounting rates is observed.

–
Direct and indirect R&D costs.

7.1.2 Indirect relations

7.1.2.1 IDD direct relation cost on the route from the last switched transit provider

7.1.2.2 Switched transit cost

Half the switched transit provider's (or providers') published transit charge (or charges).

NOTE – If there are more than one transit provider, i.e. a double transit route, then the switched transit cost is half the sum of the Transit providers' published transit charges.

7.2 Apportionment methodology for an incoming IDD telephone traffic cost model

The apportionment methodology below assumes each ROA has determined the total cost of each element defined in the preceding subclause "TAS Group Cost Elements For Inward IDD Service", for a given year.

7.2.1 Total cost (All Services) apportionment to the telephone service

Allocation of a portion of total costs for each element, as discussed above, must be made to the Telephone service only. The following apportionment methodology is adopted by the TAS Group.

Each ROA may use reasonable apportionment methodology, if any, other than the apportionment methodology below.

7.2.1.1 Direct relations

7.2.1.1.1 Direct costs

7.2.1.1.1.1 Facility, investment & operating costs

1)
International exchange cost:


–
International Telecommunication Maintenance and Operation Centre:


Total ITM&OC costs should be apportioned to the telephone service according to reasonable methodology such as the ratio of bearer capacity by which the establishment of international circuits for the telephone is reasonably made distinct.
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NOTE – This method is named the Bearer Capacity Basis.

–
Telephone exchange.


–
Associated transmission & signalling equipment.


The above two international exchange costs are apportioned in total to the telephone service in principle.

2)
Earth Station:
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3)
Cable Station:


Firstly, cable station costs are allocated to a particular cable system based on their design use, for example, a cable station supporting two cable systems: Cable A = 5000 bearer circuits and Cable B = 2000 bearer circuits.
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Secondly, each portion of the cable station cost (A +B) is then allocated to the telephone service based on cable system usage:
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4)
Submarine/terrestrial cable system:
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5)
National links between Earth Stations and Cable Landing Station and international exchanges and between international exchanges:


Apportioned to telephone on the above-mentioned bearer capacity basis.

6)
International terrestrial radio links:


Apportioned to telephone on the above-mentioned bearer capacity basis.

7.2.1.1.1.2 Rental and lease cost

1)
Space segment:


Space segment rental costs should be able to be identified on a service basis and therefore can be easily apportioned to telephone. Where a satellite bearer is shared between services, the apportionment to telephone can be achieved on a sub-bearer capacity basis.

2)
Facilities where applicable:


The lease cost of facilities (e.g. telephone exchange) can be apportioned to telephone using the methodology outlined in "Facility Investment and Operating Costs" above.

3)
Administration lease:


Apportionment to telephone on the same basis as "Space Segment" above.

7.2.1.1.1.3 National extension cost

Whether A or B (combined international/national or separate international/national ROAs) is applicable, it should be possible to identify and apportion costs for the national network which relate to the extension of the international telephone service only.

7.2.1.1.1.4 Cost of funds invested

1)
Interest and charges on borrowed funds:


Cost of interest and charges on borrowed funds for investment made in the international telephone network.

2)
Reasonable return on own investment:


A reasonable return on own investment based on the net fixed assets employed in the international telephone service (a return for that portion of assets assigned to the international telephone service from the national extension should also be included).

7.2.1.1.2 Indirect costs

a)
General Administration (non-facility).

b)
Appropriate taxes or equivalent:


A reasonably accurate apportionment methodology to allocate indirect costs to the telephone service is Activity Based Costing (ABC). This methodology involves the surveying of staff to determine what proportion of their time (and therefore associated costs such as building, support services, transport, travel, office equipment, etc.) is spent on the telephone service versus other services. This proportion can then be used to allocate total indirect costs to the telephone service.


Apportionment of indirect costs to the telephone service based on the number of workforce directed to the telephone service to the total number of workforce would be an alternative method.


However, in the absence of other more accurate methodologies, apportionment of indirect costs to the telephone service based on the proportion of telephone direct cost to total direct cost would be appropriate.

7.2.1.1.3 Other related costs

Other costs may qualify for inclusion by bilateral agreement, e.g.:

–
Temporary alternative routing (overflow):
The following apportionment methodology provides a per minute world average cost of incoming transit where D.155 divisioning is observed.
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–
Direct and indirect R&D costs:

Methodologies outlined in II.2.1.1.1 and II.2.1.1.2 would provide a guideline depending on whether the cost was direct or indirect for these costs.

7.2.1.2 Indirect relations

Where the PRIMARY route between two ROAs requires a switched transit provider (or providers) to relay traffic between the origin and destination, then from the perspective of the destination, the cost to terminate IDD traffic received on an indirect route can be broken into two elements:

7.2.1.2.1 IDD direct relation cost on the route from the last switched transit provider

This cost is calculated with reference to II.2.1.

7.2.1.2.2 Switched transit costs

Under D.155 accounting rate apportionment on a Switched transit relation, the origin and destination share the switched transit provider's charge equally. Therefore the destination's cost should include half the switched transit provider's charge (see Note).

NOTE – If multiple transit carriers are used, then the destination's cost is half the sum of the Transit providers' published charges.

The addition of elements II.2.1.2.1 and half the switched transit provider's charge provide the effective cost to the destination of terminating such inward IDD traffic on an indirect route. As a result, the inward costs associated with a given origin will differ depending on the route's cost with, and charges levied by, different switched transit providers.

7.2.2 Methodology to determine the world average cost per minute to terminate incoming IDD telephone traffic

This subclause provides a methodology to calculate incoming costs on a per minute basis adopted by the TAS Group.

With reference to the list of cost elements used in terminating IDD telephone traffic, as previously noted, other non‑telephone services (private leases, telex, packet switching, etc.) also utilise some of these elements. Using the above methodology, each ROA is able to determine the cost of each of these elements, a total cost of the IDD elements used in providing the total telephone service will be provided for the year (note that some costs may already be expressed as a per minute figure, e.g. incoming transit and national extension, and therefore need to be excluded until later in the exercise).

It is important to recognise that these IDD elements are also used to provide all other telephone services, for example, person-to-person, station-to-station, collect, toll free, Country Direct, etc. Furthermore, outgoing and incoming traffic of all these telephone services utilise these elements equally.

Therefore, the total cost of IDD elements should be divided by the ROA's total annual world bothway (incoming, outgoing and transiting) total telephone traffic. This per minute figure (added to per minute costs, e.g. incoming transit and national extension) represents the ROA's world average per minute cost to terminate incoming IDD traffic.
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In the case where an ROA is unable to determine costs on a stream basis, the above world average cost per minute to terminate incoming IDD telephone traffic can be used in bilateral negotiation and adjusted for stream specific characteristics by agreement.

7.2.3 Stream costing

Each ROA, where possible, may calculate the cost of each element on a stream basis, using the apportionment methodology below. However, it is recognised that some cost elements are either too difficult or not appropriate to apportion on a stream basis; in this case the world average cost may be used. The combination of stream costs and world average costs as detailed in II.2.3.2 may be used to determine individual stream costs.

7.2.3.1 Apportionment of telephone costs by stream

This subclause deals with a stream apportionment methodology adopted by the TAS Group.

Depending on the detail of information possessed by an ROA, it is possible to determine the per minute cost to terminate incoming traffic from each direct stream and each indirect route. This can be achieved by apportionment of the cost elements results obtained in II.2.1 on a stream basis where possible as detailed below.

7.2.3.1.1 Direct relations

7.2.3.1.1.1 Direct costs

7.2.3.1.1.1.1 Facility, investment & operating costs

1)
International exchange:


–
International Telecommunication Maintenance and Operation Centre:
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Total ITM&OC costs should be apportioned to the telephone service according to reasonable methodology such as the ratio of the number of circuits by which the establishment of international circuits for the telephone is reasonably made distinct.


–
Telephone exchange.


–
Associated transmission & signalling equipment.


World Average Cost may be used.

2)
Earth Station:
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The bearer capacity basis may be substituted, when appropriate, by the number of circuits whereupon this method is named the stream number of circuits basis.

3)
Cable Station:


(Refer to II.2.1 for definition of Portions A & B.)
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4)
Submarine/terrestrial cable system cost:
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5)
National links between Earth Stations and Cable Landing Station and international exchanges and between international exchanges:


Apportioned to stream on the above-mentioned stream bearer capacity basis.

6)
International terrestrial radio links:


Apportioned to stream on the above-mentioned stream bearer capacity basis.

7.2.3.1.1.1.2 Rental and lease cost

1)
Space segment:


Telephone space segment rental costs should be able to be identified on a stream basis and therefore can be easily apportioned to a stream. Where a satellite bearer is shared between streams, the apportionment to telephone can be achieved on a sub-bearer capacity basis.

2)
Facilities where applicable:


The telephone lease cost of facilities can be apportioned to stream using the methodology outlined in "Facility Investment and Operating Costs" above.

3)
Administration lease:


Apportionment to a stream on the same basis as "Space Segment" above.

7.2.3.1.1.1.3 National extension cost

World Average Cost may be used.

7.2.3.1.1.1.4 Cost of funds invested

1)
Interest and charges on borrowed funds:


World Average Cost may be used.

2)
Reasonable return on own investment:


World Average Cost may be used.

7.2.3.1.1.2 Indirect costs

World Average Cost may be used.

7.2.3.1.1.3 Other related costs

Other costs may qualify for inclusion by bilateral agreement, e.g.:

–
Temporary alternative routine (overflow transit):

The following apportionment methodology provides a per minute world average cost of incoming transit where D.155 divisioning is observed.
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–
Direct and indirect R&D costs:

Methodologies outlined in II.2.3.1.1.1. or II.2.3.1.1.2 would provide a guideline depending on whether the cost was direct or indirect.

7.2.3.1.2 Indirect relations

Where the PRIMARY route between two ROAs requires a switched transit provider (or providers) to relay traffic between the origin and destination, then from the perspective of the destination, the cost to terminate IDD traffic received on an indirect route can be broken into two elements:

7.2.3.1.2.1 IDD direct relation cost on the route from the last switched transit provider

This cost is calculated with reference to II.2.3.1.1.

7.2.3.1.2.2 Switched transit costs

Under D.155 accounting rate apportionment on a Switched transit relation, the origin and destination share the switched transit provider's charge equally. Therefore the destination's cost should include half the switched transit provider's charge (see Note).

NOTE – If multiple transit carriers are used, then the destination's cost is half the sum of the Transit providers' published charges.

The addition of elements II.2.3.1.2.1 and half the switched transit provider's charge provide the effective cost to the destination of terminating such inward IDD traffic on an indirect route. As a result, the inward costs associated with a given origin will differ depending on the route's cost with, and charges levied by, different switched transit providers.

7.2.3.2 Methodology to determine the stream cost per minute to terminate incoming IDD telephone traffic

7.2.3.2.1 Direct relations

1)
Those cost elements which can be apportioned by stream are divided by the ROA's annual bothway (incoming, outgoing and transiting) total telephone traffic on that stream.

2)
Those cost elements which are unable to be apportioned by stream (labelled "Extremely difficult to apportion by stream") are divided by the ROA's annual world bothway (incoming, outgoing and transiting) total telephone traffic.

3)
Those elements which are already expressed as a per minute cost (e.g. incoming transit and national extension).

The per minute results of 1), 2) and 3) are added to produce the cost per minute to terminate incoming IDD telephone traffic on that stream. This per minute figure is likely to be different on each stream and provides a more accurate result than the world average result discussed in II.2.2. This is due to the fact that the stream apportionment method takes account of the different traffic levels, facilities employed and circuit efficiencies between streams.
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7.2.3.2.2 Indirect relations

Where the PRIMARY route between two ROAs requires a switched transit provider (or providers) to relay traffic between the origin and destination, then from the perspective of the destination, the cost to terminate IDD traffic received on an indirect route can be broken into two elements:

7.2.3.2.2.1 IDD direct relation cost on the route from the last switched transit provider

This cost is calculated with reference to II.2.3.2.

7.2.3.2.2.2 Switched transit costs

Under D.155 accounting rate apportionment on a Switched transit relation, the origin and destination share the switched transit provider's charge equally. Therefore the destination's cost should include half the switched transit provider's charge (see Note).

NOTE – If multiple transit carriers are used, then the destination's cost is half the sum of the Transit providers' published charges.

The addition of elements II.2.3.2.2.1 and half the switched transit provider's charge provide the effective cost to the destination of terminating such inward IDD traffic on an indirect route. As a result, the inward costs associated with a given origin will differ depending on the route's cost with, and charges levied by, different switched transit providers.
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List of Abbreviations/Glossary

ADM
Add-Drop Multiplexer

ASB
Access area

ATM
Asynchronous Transfer Mode

BaAsl (BA)
Basic rate access in the ISDN comprising two lines

BE
Subscriber line unit

BHCA
Busy Hour Call Attempt

BICONSOL
Optimisation algorithm in the TOOT submodule

B-ISDN
Broadband ISDN

BMPT
Federal Posts and Telecommunications Ministry

BORSCHT
Acronym describing the functionality of subscriber line equipment: Battery feed, Overvoltage protection, Ringing, Supervision, Coding/decoding, Hybrid, Testing

BT
British Telecommunications PLC

CC
Cross Connect

CP
Central Processor

DNR
Dynamic Non-Hierarchical Routing

DTAG
Deutsche Telekom AG

DWDM
Dense Wavelength Division Multiplexing

DX
Abbreviation for digital cross connect

EBC
Element Based Charging

Erlang
A measurement of telephone traffic. One Erlang is equal to one full hour of use on one user information channel

ETSI
European Telecommunications Standards Institute

EWSD
Siemens Digital Electronic Switching System

FCC
Federal Communications Commission

FCLASIG
Program module allocating network nodes to the access and backbone levels

FL LRAIC
Forward-Looking Long Run Average Incremental Cost

FL LRIC
Forward-Looking Long Run Incremental Cost

FoTRAOUT
Program module dimensioning circuits between nodes at the upper backbone level

FR
Frame Relay

FTRAROUT
Program module calculating the circuit matrix for a fully meshed backbone network

GoS-Kriterium
Grade of Service; targeted loss probability in the busy hour

IC
Interconnection

IN
Intelligent Network

IP
Internet Protocol

ISP
Internet Service Provider

IT
Information Technology

ITU
International Telecommunication Union

ITU-T
ITU Telecommunications Standardization Sector

LE
Line terminal

LTE
Line Terminating Equipment

LTG
Line Trunk Group

MDF
Main Distribution Frame

MEA
Modern Equivalent Asset

MST
Minimum Spanning Tree

MSU
Message Signalling Unit

OFTEL
OFfice of TELecommunications

OMC
Operations and Maintenance Centre

P(A)BX
Private (Automatic) Branch Exchange

PDH
Plesiochronous Digital Hierarchy

PoI
Point of Interconnection

PoP
Point of Presence

POTS
Plain Old Telephone Service

PrMux
Primary rate access in the ISDN comprising 30 lines

PSTN
Public Switched Telephone Network

RC
Remote Concentrator

Reg TP
Regulatory Authority for Telecommunications and Posts

ROUTE
Program module routing the trunk groups required in the physical network

SCLASIG
Program module establishing the hierarchy of backbone level nodes

SDH
Synchronous Digital Hierarchy

SLIC
Subscriber Line Interface

SOCC
Statistics of Communications Common Carriers

SP
Signalling Point

SS7
Signalling System No 7

STM
Synchronous Transport Module

STP
Signalling Transfer Point

STRAROUT
Program module calculating the circuits on direct routes at the lower backbone level

TAL
Subscriber line

TELRIC
Total Element Long Run Incremental Cost

TOGOCA
Program module explicitly modelling the transport network

TOOT
TOpology Optimisation Tool

TRADIS
Program module calculating the traffic matrix

TransVSt
Transit exchange

TSP
Travelling Salesman Problem

TTRAROUT
Program module calculating the circuits between nodes at the lower backbone level and non-associated nodes at the upper backbone level

VE
Switching unit, functional unit for local and transit traffic 

VPN
Virtual Private Network

VSt
Exchange

VSt_T
Local exchange

WDM
Wave Length Division Multiplexing

WIK
Scientific Institute for Communication Services

ZZK
Common signalling channel

7.3 Introduction

7.3.1 Genesis 

The Scientific Institute for Communication Services (Wissenschaftliches Institut für Kommunikationsdienste, or WIK) first developed an analytical cost model for the public switched telecommunications network for the former Federal Posts and Telecommunications Ministry (BMPT) and subsequently for the Regulatory Authority for Telecommunications and Posts (RegTP). The aim was to give the regulator a tool with which to create a benchmark for the costs of efficient service provision. The benchmark would be used to assess dominant company cost statements, notably those relating to services for the interconnection of Deutsche Telekom AG's (DTAG) network with the public networks of other operators.

Accordingly, the RegTP published on 4 March 1998 a consultative document entitled "An Analytical Cost Model for the Local Network". The WIK study proposed a methodology for costing both the unbundled local loop and conveyance services within the local network. Comments were invited by the deadline of 20 May 1998. In light of the submissions received, WIK revised and further developed the cost model for the RegTP. The principal aim of this was to widen the scope of the cost analysis methodology to cover the national core network.

The RegTP then published on 14 April 1999 a further consultative document called "An Analytical Cost Model for the National Core Network". Again, comments were invited. The consultation period ran until 9 June 1999 and a total of 17 position papers were received.

The comments showed the need, in various places, for changes to the logic and fine tuning of the modelling. Our conclusions have now been modelled into the cost structure of an "open" core network satisfying the efficiency criterion, and are described in this version – 2.0 – of the consultative document. Here, we should mention fundamental modifications such as the explicit account of interconnection traffic in the routing analysis and the wholly revised modelling of the transport network. Approximating the structure and hence the costs of the physical network from the structure of the logical network applying indicators such as routing factors, is not necessary in this version.

Version 2.0 of the consultative document does not highlight these modifications in any special way. They can be seen, however, in Annex 1 which lists the recommendations made by the respondents against the action taken.

7.3.2 Context

The possibility of interconnection at cost-based price is designed to ensure that new entrants are not unreasonably hampered through a lack of network infrastructure of their own. When such intermediate input is not offered on a competitive basis, it is necessary for the regulator to mimic the workings of a competitive market. Hence costs and prices should comply with competitive criteria. This ensures that new infrastructure will only be built where services can be provided at lower cost than on the basis of the existing network. An economically inefficient bypass of the incumbent's facilities will thus be avoided. At the same time, rigorous cost orientation will guarantee that new competitors' services are not subsidised by the incumbent. Such subsidisation would lessen the incentive for new entrants to invest in their own infrastructure in cases where this promised efficiency gains, in dynamic terms, at least. Cost-oriented price regulation within the meaning of this cost approach provides incentives for a regulated operator to produce efficiently.

While it is widely accepted that cost-based pricing for interconnection services is desirable, there is often disagreement about what the term "costs" really means and about a suitable costing methodology.

Bottom-up cost models represent an analytical approach which, from a generally accessible knowledge base, reduces the cost structure of the telecommunications network – here the national core network – to its essential relationships. A frank and critical debate about the suitability of this reduction has been initiated by the previous consultative documents, the aim of which is to find an acceptable costing methodology. We know that the consensus we seek on the methodology will not also provide a consensus on all the parameters of the model, or on the interpretation of the results. The cost analysis set out here is designed to allow the costs of the national core network to be established in a forward-looking, element-based way. These network element costs, to which usage factors are applied, can be aggregated to build up the cost of conveyance services, whereby the focus is on the cost of interconnection services.

The document is structured as follows:

Chapter 2 takes a general look at the underlying cost concept and how it is made calculable, and sets out the costing steps so as to indicate the fundamental methodological questions involved.

Chapter 3 then details the assets required for operation of the core network. Presentation in some sections is rather more "technical" and less easy to digest, yet this was felt necessary in order to reveal the mechanics of the model to the reader to the greatest possible degree. 

The steps taken to annualise the investments are shown in Chapter 4. Covered in the argumentation are questions relating to the valuation, depreciation, return on investment and determination of the operating costs. 

Chapter 5 introduces the conventions chosen to establish per-minute interconnection costs and explains how the costs of the network elements are aggregated to build up the costs of services.

7.4 The Concept of Costs and How They Are Made Calculable

7.4.1 Long Run Incremental Costs of Efficient Service Provision

Benchmark for the long run incremental costs, in other words the costs a company incurs in providing a service in addition to a portfolio of other services, is the measure a company applies in deciding whether or not to offer a particular product in the marketplace. It will make sense to do so when all the costs incurred in the long run by the decision to produce are covered, at least, by the revenues achieved. The revenue from the increment then corresponds at least to the long run incremental average (unit) costs. These include all the costs directly or indirectly allocable to the service, ie also those arising as a result of indivisibilities in producing the increment. As the common costs proper are not taken into account in this study, they should appear in the form of appropriate markups on the incremental costs in order to cover the total costs of the service portfolio. It should be remembered that common costs can arise at various levels of the value-added and can often be attributed to groups of products (but not to individual products). Contribution margins for such common costs (in the sense of the "direct costs" of a group of products) should be provided solely by the products of the group. 

Our bottom-up model establishes the 'production' costs of network operation, in other words essentially the investment and operating costs of the infrastructure. The model only covers common costs where they can be allocated to a group of (infrastructure) services such as, say, the accommodation costs for technical equipment. The model has no reference figures for common costs arising at other production levels and not capable therefore of being related to the entirety of services addressed by the model.

The aim of the model is to allocate costs as direct costs, using the principle of causation to the greatest possible extent. Given the high degree of service integration at many levels of the network, we could be inclined to interpret many of the network costs as common costs in relation to the individual services realised over the network. Yet the principle of integration lies in finding a common denominator for the infrastructural requirements of the different services, for instance in the form of the circuits used in a given transmission system. Related to this quantity, understood as a cost driver in an activity-oriented view, the costs of shared facilities are allocable by causation to the services as direct costs.

The relevant increment within the meaning of the concept of forward-looking long run average incremental costs (FL-LRAICs) is therefore the total amount of network element provided, expressed in the relevant unit of output. Hence we must identify, for each element that is relevant to the cost analysis, total demand from all the relevant services. The total incremental costs of the element are distributed in turn among all the services using the element. By proceeding this way, we can ensure that the potential for economies of scale that exists in many cases as output increases is taken into account and distributed among all the services. 

For our specific purposes it follows that traffic demand as a whole, including all the calls fully remaining in the interconnection service provider's network, is relevant as well as (additional) demand for interconnection services. We must also remember that network elements can be used by circuit-switched services, packet-switched services and fixed connections/leased lines alike. This shared use is of greatest relevance in the transport, or transmission, network since the demand for transport capacity from circuit-switched narrowband services (POTS) is being augmented by the steadily growing volume of demand from data communications and broadband services, enabling the network operator to make economic use of higher capacity transmission systems and realise economies of scale per call minute or leased line. 

7.4.2 Technology and Network Structure

The main aim of price regulation is to establish a competitive benchmark in all areas in which competition is absent or insufficiently intense. Companies operating in a competitive environment are forced to choose the production process that enables a service to be provided at least cost. Underlying the decision are the costs – given constant output – caused annually by the processes available. Comparing investment totals is inadequate in view of the different depreciation periods and different levels of operating costs. It must also be guaranteed that the given production process does not use any more resources than are absolutely necessary.

The following sections explore this concept of costs as it is made calculable in the cost analysis of the core network. The concept of long term implies that companies, in their decisions about production, are not subject to any restrictions imposed on them, say, by irreversible past decisions on investments and hence capacity. Assuming effective competition, a company's pricing freedom in a situation of unrestricted access to the market would be constrained by the costs of a potential competitor that, by definition, was subject to no restrictions in its choice of production process and decisions on capacity.

Such reference to the costs of an efficient potential new entrant is problematic, however, in that establishing such costs requires extensive knowledge of best practice production processes. Yet sound knowledge of the performance and cost structures of innovative technologies will only be available after a certain time has elapsed, in other words after initial deployment in the marketplace and hence after (successful) market entry has taken place.

Conventions representing a consensus on best practice production processes as described above and ensuring the availability of sufficiently reliable information on which to base regulatory rulings are required in respect of the technology and network structure underpinning costing. It should also be remembered that the production processes and structures for decisions on offerings should also be relevant in a long-term perspective. 

These conventions cover, first and foremost, the network structure on which the costing is based – specifically, the nature, number and locations of the concentrators and exchanges and the type of transmission and switching technology deployed. Also, there are questions of the valuation and depreciation of the fixed assets, demand volumes, degree of utilisation/spare capacity and relevant operating costs.

The degree of freedom to be allowed in building the generic network will be dictated by regulatory policy. The two extremes between which the ultimately chosen convention will lie are, on the one hand, full network optimisation using all the mature technologies available and, on the other, the complete replication of the existing networks of the regulated company or companies. These two extreme cases provide little information that is of use to pricing. 

The task of bottom-up cost models cannot be to provide full network optimisation. Full optimisation is ruled out for no other reason than that the locations of exchanges/main distribution frames (MDFs) can only be optimised within a framework that considers the access networks in addition to the core network. Our model, therefore, will still refer to elements of DTAG's network architecture as found. Other elements will diverge from the existing network structure and will be decided in the course of our work with the model, with a view to possible efficiency gains.

Our core assumptions, then, are as follows:

· MDF locations will follow those of the existing network architecture, as the possibility of restructuring access networks, in particular, is limited, even in the long term. And the location question would be highly complex, given the number of restrictions that would need to be taken into account. It still seems likely that the choice of location is determined in the main by subscriber density, so that network nodes are located primarily in centres of population. This is the closest we can get to an optimal location scenario, in view of the dominant impact of the costs of the access networks on the total costs of local networks.

· Digital technology is used for switching. Circuit switching is used in the public telephone network. Packet-switched services (X.25, frame relay) have their own network nodes. At the level of the transmission systems, demand for circuits is integrated up to 155 Mbit/s (STM-1), the demand for circuits generated by leased lines, packet-switched and broadband services being taken into account by applying markups.

· We are using the term 'broadband networks' as a generic description of the networks currently being built by some operators with cell-oriented switching and transmission. These networks, which operate mostly on the principle of Asynchronous Transfer Mode (ATM), are suitable as integrated platforms for a number of services, voice telephony included, and may displace circuit switching in the future. However, for our purposes we are assuming that an ATM network, at the switching layer, is provided solely for special services and hence in tandem with the existing PSTN/ISDN. Network integration is at the transmission layer only (cf Figure 1). This means that the infrastructure costs arising from the demand for circuits generated by the different data speeds are determined endogenously.

Figure 1:
Network Layers and Degree of Integration
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· The logical network is decomposed into three hierarchical levels. At the lowest level, designated as the access network
, access areas are connected star-shaped to the exchanges. The next two levels (backbone network), designated as subscriber level and transit level and conceived as a partly meshed network, use routing and hierarchical overflow routing. The transit level is fully meshed. Direct routes are set up as from a given threshold. Directional aspects play no part in connecting the remote concentrators to the exchanges, as all the traffic goes to the local exchange (cf Figure 2).

Figure 2:
Structure of the Logical Network
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The lower backbone level is a strongly, but not entirely, meshed subscriber level with regional transit functions. The level above has considerably fewer (straight) transit exchanges (in the model: upper backbone level). The capacity ceiling for exchanges at this level is currently 4,000 E1s, that is to say, 2 Mbit/s ports, and must be taken into account in determining the efficient number of transit exchanges. DTAG information about the number of level 3 exchanges can be taken as the starting point. Cost analyses must then show whether this number, in conjunction with other structural features of the network, notably with the rules for setting up direct routes, can be considered efficient.

We are currently assuming that the switching units at the upper backbone level are operated independently of the co-located exchanges at the lower level. This is reflected in the investment analysis for the exchanges. Modelling the upper backbone level as a pure transit level means that traffic to the locations of the upper level exchanges runs either over a direct route to the nodes of the lower backbone level sited there or via the transit exchange (upper backbone level), the so-called alternative route.

The "old" local exchange level can still be taken into account in the form of remote switching units which switch the traffic of their serving area internally and otherwise are connected at the logical level, star-shaped, to the lower backbone nodes. Alternative routes are not provided at this level, a fact which is taken into account in the loss formula and by the possible specification of spare capacity for unforeseen traffic peaks, ie the E1s are only dimensioned for, say 28 channels instead of for 30. 

· The transport network is established on the basis of optical fibre in synchronous digital hierarchy (SDH). In the access network, connection is by way of fibre rings from which the circuit demand of the individual access areas is extracted by means of add-drop multiplexers (ADMs). Digital cross-connects are used as the nodes of the transport network at the upper levels. If there is a very large number of nodes, there is the option of inserting a further level of fibre rings between the local and the transit levels (cf Figure 3).

Figure 3:
Structure of the Physical Network
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7.4.3 Element Orientation

Element-oriented costs and charges mean on the one hand, as we have seen, that each network element is dimensioned to handle all the services that require it (the so-called TELRIC approach). But it chiefly implies that the costs of conveyance services are derived from the costs of the network elements actually used to provide the calls. For the cost analysis, this means that a highly disaggregated approach is necessary if the information generated is to be useful in regulatory terms. First of all, we need to identify the place in the PSTN/ISDN which provides, from the customer's perspective, not dedicated, but shared resources for provision of the service required. The provision of 64 kbit/s channels is first restricted at the concentrator. Up to this point, the network is dimensioned in such a way that each user has dedicated resources, depending on the type of line called (analogue, broadband ISDN, primary rate access in the ISDN). All network components beyond the concentrator must be dimensioned as a function of traffic, and hence constitute the core network (Figure 4).

The network elements (that is to say, functionality) we have taken into account in the model, for which we will first establish investment figures on the basis of demand volumes and then, in a second step, determine annual costs, are as follows:

· local switching function (ð section 3.2.3), which is further decomposed into the functions of concentration, provision of ports, provision of end-to-end user information channels and central processing,

· transit switching function (ð section 3.2.3), further decomposed into provision of ports, provision of end-to-end user information channels and central processing, 

· transport in the access network (ð section 3.2.1.3),

· transport between two connected level 2 nodes (ð section 3.2.2.7),

· transport between two transit nodes (ð section 3.2.2.7),

· transport between level 2 nodes and the next higher order associated nodes 
(ð section 3.2.2.7),

· transport between level 2 nodes and non-associated transit nodes 
(ð section 3.2.2.7), and

· signalling (ð section 3.2.4).

Determining the Assets Required to Operate the Core Network

We approach costing as follows. Starting with demand data, we establish the volume of investment required for the national PSTN/ISDN. This reflects the concept of bottom-up cost modelling in which, with the output to be provided as the reference point, the costs of production – here the costs of the network – are identified, using technical and economic input-output relationships. Particular care is taken to replicate an efficiently designed and operated network, for which purpose structural parameters must be set, algorithms incorporated to depict efficient traffic routing, and benchmarks used to determine indirectly attributable investments and operating costs.

A distinction must be made between the logical network layer and the physical network layer (transport or transmission network). The logical network comprises the switches and the trunks connecting them – in digital networks in the form of 2 Mbit/s groups, E1 in European nomenclature. Technically speaking, the logical network is independent of the physical network, even though its structure affects the costs of the physical network. The physical network serves to meet the demand for transport capacity from all the different services and their associated logical networks, using the appropriate multiplexers, transmission facilities and transmission media to do so. Hence the physical network is an integrated network layer, even given the existence of different logical network layers for different services. Figure 2 and Figure 3 illustrate the differences between the logical and the physical network. We see that the logical network is star-shaped at the lower level of the concentrators, but more or less strongly meshed at the upper network level. The physical network layer, also called the transport network, has a structure of separate access rings at the lower level with add-drop multiplexers as their nodes. By contrast, the upper segment shows a number of interwoven rings with digital cross-connects as nodes. 

We now form an aggregate of access networks, each with one exchange, from the given boundaries of subscribers' access areas and MDF locations. Regarding the size of the access networks, we have used the size of an efficient exchange as a guide. The next step then calculates how traffic is distributed among the local exchanges and establishes the routing on the basis of routing rules. It is the data from these calculations that underpins the investment analysis. We distinguish in the transport network between the access level, that is to say the transport facilities in the form of add-drop multiplexers, optical fibre and trenches, connecting in rings the remote concentrators to the exchange, and the backbone level. At the backbone level the transport network nodes are digital cross-connects, linked one to the other again with optical fibre and the associated infrastructure in the form of conduits, trenches, etc. A partition model is used to illustrate the different parts of a national fixed network. Figure 4 shows the dividing line between subscriber line and core network and also the interface between access level and backbone level in the core network.

Figure 4:
Partition Model for the PSTN/ISDN
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The result of the calculations is the investment needed for the provision of 2 Mbit/s groups between the exchanges (or concentrators) at the various levels of the network hierarchy.

The traffic volumes handled by the exchanges are the starting point for the investment analysis of the switches. The functions of the exchanges are decomposed into concentration, provision of ports, provision of end-to-end user information channels within the switching matrix, and central processing. Also taken into account are line-specific investments and investments in accommodation assets. Investments in setting up the signalling network in the shape of signalling end points and signalling transfer points are also taken into account. 

We calculate as a markup on the investment total all the investments in general network support that are not directly recorded, using international benchmarks, data from DTAG's cost accounting, where available, and data supplied by other network operators. Operating cost factors are then established in the same way.

Finally, the investments are annualised and recorded for the network elements/functions described. With reference to annual demand volumes, the network capacity costs are converted on a per-minute basis (prior to any time differentiation). These figures can then, with the aid of usage factors, be aggregated to provide interconnection service costs within the meaning of forward-looking long run incremental costs.

7.4.4 Demand

The problem with the TELRIC approach is the need to identify demand for all the services using interconnection-related elements. Drawing up a demand and traffic model for all the services that use the network, leased lines included, is only possible within a long-term timescale, given the large degree of integration in the SDH transport network. Thus our modelling first identifies demand solely for narrowband conveyance services, which the ISDN satisfies by the provision of 64 kbit/s channels between subscribers for the duration of the call. Such services encompass telephony, fax and data transmission. The problems involved with Internet traffic, ie dial-up access from analogue or ISDN lines to the Internet service provider (ISP), are explored in the following section. The packet-switched services that run over the ISDN (eg Datex-P, X.25) are not taken into account at this stage as their integration is limited to the local loop and to the physical level of the core network, whereas elsewhere they have their own logical level and associated packet-switching facilities.

We assume that DTAG can supply information, for each MDF location, on numbers of the three most important types of line, viz analogue subscriber line, ISDN basic rate access and ISDN primary rate access. We also assume that it is possible to determine average traffic demand (construed as originating traffic) for each of the three types of line. This demand can then serve as the starting point for dimensioning the network and as a basis for distributing the annualised costs. The forward-looking aspect would require the demand for calls to be determined as expected demand. Given the difficulty of forecasting, however, we consider it better to stick closely to current figures.

Network dimensioning requires data on demand in the busy hour. Traffic load in the busy hour is defined as the average of the n hours of highest demand in any one year. Part of the cost analysis is then to define n. Expansion of the network is based on the average busy hour of the 30 days on which traffic is heaviest ("normal load" according to ITU-T Rec E.500).

After identifying average traffic demand from one subscriber line, we establish originating traffic flows for local exchange areas by taking an aggregate of traffic volumes from all the MDFs connected. We then set up traffic relations between all the nodes in the national network with switching functionality, remembering that the DTAG network is interconnected with a number of third-party networks; accordingly, some of the connections required will originate or terminate in networks other than that of the incumbent's national fixed network. Let us cite some examples:

· alternative fixed networks: interconnection can take place at both level 2 and level 3;

· the international network: interconnection normally takes place at the highest network level. International exchanges are co-located with transit exchanges. 

· Mobile networks: interconnection can likewise take place at the two backbone levels.

Before we can determine outgoing traffic, we need to make an assumption about the proportion of traffic that will not originate/terminate in DTAG's fixed network.

We split the traffic in its entirety into a component for internal traffic and one for traffic to interconnected networks. Internal traffic is distributed among the possible destination nodes by means of a traffic distribution function whose argument incorporates all the traffic from the destination node as well as the distance between the nodes of origin and destination. The traffic relation between two nodes is therefore – depending on the parameterisation undertaken – the heavier, the shorter the distance and the greater the outgoing traffic from the destination node is. We must also remember that each node has its own internal traffic that must be taken into suitable account. Our traffic distribution function does not generate a node's traffic relation with itself. Internal traffic, ie traffic originating and terminating in the same access area, is therefore determined beforehand as part of total originating traffic. 

7.4.4.1 Internal Traffic

Internal traffic is recorded with an analytical function formulated so that internal traffic remains constant up to a given threshold before describing a continuous rise to a given ceiling. 
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where:

mintra
=
minimum internal traffic threshold (in Erlang)

maxtra
=
maximum internal traffic threshold (in Erlang)

mindi
=
minimum internal traffic (in %)

maxdi
=
maximum internal traffic (in %)
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Figure 5:
Percentage of Internal Traffic in Total Originating Traffic
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Outgoing traffic from node i, 
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The traffic distribution function, adjusted for internal traffic, is then as follows:
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with a correlation between demand between originating and destination nodes tijr  and outgoing traffic from the destination node tjo and the distance lij between the two nodes. The extent of the correlation is determined by the two parameters a and b. Our hypothesis is that traffic demand is affected less by the distance between the nodes than by the volume of traffic, and thus we consider values of b = 1 and a =– 0.5 justified. The proportionality factor ci reflects the share of outgoing traffic generated by i in total outgoing traffic as defined by the demand function. It determines that traffic demand from node i to all other nodes j , as i ¹ j, may not exceed outgoing traffic from node i. Outgoing traffic from all other nodes 
[image: image110.wmf]o

j

t

is used as the reference for ci. Traffic arriving at the node i is determined, all things being equal, as total demand from all other nodes j to i, as i ¹ j. Very weak relations not reaching a given threshold need not be taken into any further consideration. Demand relating to any such relations is distributed among the remaining traffic relations in proportion to their strength. We assume that traffic demand of a maximum of 1 Erlang is low enough to justify distribution among the other relations.

The resulting traffic matrix finally contains a complete list of all the internal traffic relations between every conceivable pair of nodes. 

The second step is then to look at traffic to and from interconnected networks. We will need to make assumptions about the nodes where interconnection takes place for the delivery of calls to and from subscribers in the different access areas. It is plausible that the interconnection points, in general, will be sited at the nodes of the two backbone levels. Traffic to these nodes will then be increased by the volume of traffic to be passed on, whereby we assume in the first instance that the relations will be symmetrical. This assumption can be adapted accordingly as more information becomes available.

In the matrix, routing is not yet of any consequence as account is taken solely of call origin and destination. Yet it is the matrix that underpins the following calculations to determine routing in the network.

7.4.4.2 Internet Traffic

What distinguishes this traffic is, on the one hand, the longer average holding time compared to the ordinary ISDN telephone service and on the other, the connectionless transmission of data provided by the Internet Protocol (IP). If the number of calls and call attempts remained constant and quality levels were maintained, longer holding times would require greater network capacity, ie the number of 64 kbit/s channels would need to be increased. But the main distinction is the packet-switched transmission of data. In the Internet therefore, permanent connections are not provided but individual packets of data are sent, passed on from node to node with no special sections of the journey being reserved for individual users. Free capacity in the routers and circuits can be used by others for their data packets. In other words, the steady data stream means that optimal use is made of transport network capacity.

If the Internet is accessed by analogue or digital lines, subscribers' changed patterns of behaviour will affect the capacity of the switches or the quality of service in the ISDN/PSTN generally if this dial-up traffic uses these facilities in the busy hour. If the dial-up traffic increases to such an extent as to become a significant part of peak load traffic, the network quality will suffer since the probability of congestion will rise with the longer holding times, or higher capacity ceilings will be needed for the network elements used. 

The user group that accesses the Internet mainly with an analogue or an ISDN line comprises households and companies with low volumes of data traffic. All other Internet users choose forms of access such as fixed connections, xDSL or optical fibre. Thus demand for dial-up access is not currently critical to dimensioning the public ISDN/PSTN. Rather, our assumption is that dial-up traffic in the busy hour accounts for a negligible part of total traffic in the ISDN/PSTN and that this will continue to be the case for the next 2 to 3 years. Having said that, however, various forecasts by manufacturers and network operators indicate that the Internet traffic generated by home and small business users will, at a later date, increase strongly in the busy hour as well. Lending support to this assumption is the successful introduction of Internet-by-call offers, the growing number of Internet applications such as online banking and online shopping and the introduction of flat-rate packages which do away with the time constraints on usage encouraged by price differentiation.

This expected growth in dial-up access to Internet service providers (ISPs) via the ISDN/PSTN thus requires a detailed analysis of the implications for the dimensioning of the ISDN/PSTN. Essentially, the transport of IP packets in connectionless, ie packet-switching, networks is more cost-effective than in the narrowband ISDN. The following example will illustrate this.

A home user's typical Internet session currently generates data traffic of around 1 Mbit/min (16.67 kbit/s) downstream and 8 kbit/min (0.13 kbit/s) upstream. That means that during the session, a typical user needs transmission capacity of 21 kbit/s downstream if a safety margin of around 20 percent for waiting times and redelivery is to be taken into account as well. As we said above, IP packets from different users travel over the same transmission paths, ie the packets are transmitted in such a way as to generate a continuous data stream, with no wasted space in between. Assuming that the entire volume of data on the Internet was determined solely by home users' demand, the transport network would have to be dimensioned to provide every customer with a transmission capacity of around 21 kbit/s. If we compare this with the capacity required to transmit one ISDN channel (64 kbit/s) we see that, all things being equal, the transport network for an ISDN/PSTN built to handle the same amount of traffic would have to be more than three times as large as the transport network for the corresponding IP network. And the more users there are wanting dial-up access, the bigger the difference will be. Thus efficient provision of Internet access via the ISDN/PSTN would, in our view, require Internet traffic to be handed over to connectionless, or packet-switched, networks as close to its origin as possible.

This poses the question of the point in the ISDN/PSTN at which the dial-up connections can be passed on to the IP network close to the customer's premises. Manufacturers and network operators describe the possibility of installing points of presence (PoPs) at remote digital units fitted out with so-called gateways to Internet platforms. Dial-up access would then only be a factor in dimensioning the elements of the access network used up to the PoP, including the switching units. As far as dimensioning the rest of the ISDN/PSTN network is concerned, dial-up access would only be significant in the form of additional traffic in the transport network, ie taking account of economies of scope, and not in the planning of exchanges at transit level. Accordingly, it would not feature in the traffic matrix. 

In this context we should point out that British Telecom (BT) is taking steps to facilitate Internet interconnection at the concentrator. This is to take account of users' changed behaviour patterns on the one hand and cost-cutting potential on the other
.

To sum up, we may say that the growing demand for dial-up Internet access will not affect the structure of the ISDN/PSTN or have implications for exchange capacity in a long-term view. Following the efficiency criterion, DTAG would transfer the greater volumes of dial-up Internet traffic to the packet-switched networks at the MDF locations, close to the customer's premises. It will not be necessary to go through exchange level 1.

7.4.5 Investment Analysis

The traffic matrix concretises demand emanating from narrowband switched services, ie mainly from voice telephony. Other (non-circuit-switched) services and leased lines are not taken into account at this stage. The demand for circuits generated by these services is incorporated in investment analysis in the form of markups, reflecting the increased number of line groups required on a connection between two exchanges. 

The next step lies in identifying the volume of investment required to build a network capable of satisfying demand as a whole while maintaining given quality standards such as traffic loss and permanent availability. Prior to this, however, we should ask ourselves how far we should fall back on an existing network structure. We have decided to take the incumbent's – DTAG's – MDF locations as the sites for transmission facilities and potentially for switching units. Also, the network structure is to be designed as a future-oriented, efficient configuration. This concerns the ratio of exchanges to remote concentrating units on the one hand and the network hierarchy, routing rules and the structure and technology of the transport network on the other. 

All the MDF locations (and thus the relevant subscribers) must be connected to exchanges whose locations represent a proper subset of the MDF coordinates. The number of local exchanges that efficient network design would require can be derived from the least preferable efficiency factor for exchanges. As a not inconsiderable amount of investment in exchanges is fixed in the sense of being necessary as soon as operations commence, ie with the first unit of output, there is potential in larger exchanges for economies of scale, which would suggest that large numbers of subscribers be concentrated. We do not believe that these advantages, at least up to a certain level, will be neutralised by the need to carry greater volumes of traffic over longer routes in order to get the traffic to the exchanges. This view is borne out firstly, by the fact that optical fibre allows long distances to be bridged without amplification and secondly, by economies of scale also being relevant for line terminals as transmission volumes increase. 

An efficient network configuration is one that allows given demand to be satisfied at least cost. Our model does not give a global optimisation algorithm, but does provide a considerable degree of freedom in calculating alternative scenarios. This makes it possible to obtain an efficient proxy network configuration, in other words to explore the cost-cutting potential by changing the parameters of the existing configuration. 

We first describe the rules underlying the grouping of exchange areas into access areas before proceeding with investment analysis for the access network. We then continue with investment analysis for the backbone network and for switching, concluding with the signalling network.

7.4.5.1 Access Network

We are making the following assumptions with regard to the general structure of the access network. Subscribers in an access area are connected either to a local exchange or to a remote concentrator. No switching is performed at the remote locations. As a result, all the traffic from the access area goes to the associated local exchange. Connection in the logical network layer is in the form of a star. Connection in the physical network layer is in the form of fibre rings. Subscriber line termination units and concentrating units are installed in the MDFs of the remote access areas. Add-drop multiplexers are used to connect the concentrators to the fibre ring.

Figure 6:
Ring Structure at the Physical Level of the Access Network
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7.4.5.1.1 Network Node Classification 

Designated exchange locations are determined by selecting the n nodes with the heaviest traffic (ie largest number of subscribers as a rule), bearing in mind the additional requirement of minimum observable distance. This constraint, combined with suitable given values, serves to prevent too great a concentration of exchange locations in centres of population. 

In determining the number of local exchanges that the model should take into account we must observe three parameters that constrain the size of an exchange, ie capacity ceiling. The minimum number of local exchanges then follows from this maximum level. Specifically, the constraints are the number of subscribers to be connected (ie subscriber line units), maximum traffic that can be handled (expressed in Erlang) and maximum processing capacity for call attempts (expressed in busy hour call attempts, or BHCAs). The Siemens EWSD system currently achieves levels of 850,000 BHCAs and 25,200 Erlang and up to 220,000 subscriber line units. Figures of 4,000,000 BHCAs and up to 100,000 Erlang have been announced for the upcoming versions
. With a given demand for conveyance services, the constraints can be reduced to that of maximum number of subscribers. As it is generally too costly to exploit technical capacity to the full, our current ceiling for the number of subscriber line units would be around 125,000
.

Essentially, the efficient number of exchanges in the national network will be determined by – apart from capacity expansion ceilings – a comparison of the switching and the transmission costs. If the cost of setting up and operating the transmission facilities is less than that for the switching systems, it will be efficient to use only as many exchanges as are needed to achieve the realisable expansion ceilings per exchange. The number of exchanges will then be obtained by dividing the number of subscriber line units in the national network by capacity per exchange. The current number of local exchanges in the DTAG network is considerably higher, which suggests significant potential for efficiency gains through economies of scale. Yet we should not forget that the "scorched node" policy does not allow the number of subscribers per MDF location to be varied at will. The subscriber line units per concentrator are therefore given, so that the size of an exchange may differ according to the region or local network. 

7.4.5.1.2 Allocation of Access Nodes to Exchanges 

Together with their remote access areas, exchanges form access clusters or local exchange areas whose composition is determined by means of a simple allocation algorithm. Allocation of the access areas to the exchanges follows the simple distance criterion and takes into account the the capacity constraints to which exchanges are subject, cited in the last section. We assume that it is enough to identify the number of subscribers in the access cluster as an indicator and to compare it with the given ceiling. All the traffic originating and terminating in an access cluster is processed in the associated exchange. This is also true of the internal traffic of the access areas, since we assume that no switching is undertaken at the remote MDF locations, only a bundling of subscriber traffic
. 

Finally, we should note that access areas can be allocated to exchanges exogenously, if preferred, as an alternative to on the basis of the criteria described here. Sensitivity analyses would then enable networks configured according to existing or other rules to be taken into account as well. 

7.4.5.1.3 Determining Investment in the Access Network

Once the access nodes have been allocated to the exchanges and the traffic distribution carried out, the investment required for the access network can be determined. Our assumption is that the remote concentrators in an access cluster are connected to the exchange via one or more fibre rings (self-healing rings). The first step is then to establish overall demand for circuits in the access cluster. To this end, total traffic is identified for each node. Outgoing traffic is determined with reference to the number of subscriber lines for each access node, while incoming traffic is the result of the estimated traffic distribution between exchanges. The incoming traffic and the internal traffic of an access cluster can be distributed among the access nodes in proportion to their outgoing traffic, bearing in mind that some of the traffic will be generated by subscribers directly connected to the exchange. Its incoming and outgoing traffic need not be taken into account in the calculations for the transport ring. 

The number of trunks and hence E1 groups required to connect a node is obtained by applying the Erlang loss formula, bearing in mind the number of trunks between concentrator and exchange available to a subscriber at any one time. Each concentrator is assumed to have 4 outlets of 2 Mbit/s each for the subscribers connected. Hence we must establish the maximum traffic offered by a bundle of 120 channels (with a given loss probability), using the Erlang formula. The demand for trunks, expressed in 2 Mbit/s, for voice telephony (including fax and data transfer) is obtained by dividing total traffic offered by maximum traffic offered per bundle multiplied by 120. To take account of the integration of different logical networks at the transport level, the number of E1 groups is increased at this point by the circuit capacity for packet-switched services and leased lines by means of a factor to be specified. We plan to take account of this additional capacity in the form of a markup which differentiates between the access and the backbone level. We trust the operators participating in the consultation will be able to provide input to help us determine these parameters. Yet a markup of this kind does not reflect any causal connection between the demand for telephone service and the demand for other services in an operator's portfolio. We simply want to ensure that tied-up capacity is taken into due consideration. 

This approach does not take account of the fact that the relationship between the capacity requirements of the different services need not be the same on all transmission paths. Detailed consideration of other services, notably leased lines, is possible in principle since the model uses a circuit matrix that incorporates every node pair and that can therefore provide this degree of detail. More data from the network operators would be necessary, however. 

We assume that narrowband ISDN, broadband networks and leased lines share the use of multiplexers, cross-connects and line terminals, provided their demand for circuits is expressed in the form of E1s (2 Mbit/s), E3s (34 Mbit/s) and STM-1s (155 Mbit/s) (cf Figure 1).

The basic system of transport in the SDH multiplex hierarchy is the synchronous transport module 1 (STM-1), which provides a transmission capacity of 155 Mbit/s. We can assume as a general structural principle that the remote nodes in the access cluster are connected by means of add-drop multiplexers (ADMs) to a ring linking them to the local exchange. ADMs serve to add/drop E1 groups to/from the STM-1 frame. Also integrated in the ADM is the line terminal for optical signalling, which can take place at SDH levels STM 1, 4, 16 and later at 64 also. The following diagram shows the functions of an ADM and the relevant cost parameters.

Figure 7:
Functions and Cost Parameters of the Add-Drop Multiplexer (ADM)
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The table below shows the parameters that investment analysis for the access network uses for ADMs and outside plant:

Table 1:
Investment and Structural Parameters for ADM and Outside Plant

	Parameter
	Description

	cad1N
	Investment for inserting/extracting one E1 to/from an ADM-N (N = 1, 4, 16, 64)

	cadfN
	Fixed investment in an ADM-N

	cglf
	Investment in one kilometer of fibre

	ckab
	Investment in one kilometer of cable

	cinf
	Investment in one kilometer of infrastructure, tubes or ducts included

	fue_a
	Proportion of E1s for circuit-switched services in all line groups in the narrowband ISDN, so-called leased line factor (access network) (£1)

	fui_a
	Proportion of investment in infrastructure allocable to narrowband services in the access network, so-called sharing factor (£1)


It is important to note that, for reasons of network security, the demand for trunks from the star-shaped logical network is routed in the physical network within a two-way ring structure. This ensures that capacity can be maintained by a corresponding mechanism in the ADMs in the event of a failure in the ring (concept of self-healing rings). Thus the ring capacity must be such as to satisfy the sum of all demand for trunks received from the access nodes of the ring. The number of rings and the STM-N system required are determined in line with the following table:

Table 2:
Equipment and Number of Rings in an Access Cluster

	No of E1 groups
	No of rings
	No of STM–1s per ring
	STM level

	1 – 63
	1
	1
	1

	64 – 252
	1
	2 – 4
	4

	253 – 504
	2
	3 – 4
	4

	505 – 1008
	1
	9 – 16
	16

	1009 – 2016
	2
	9 – 16
	16

	2017 – 4032
	1
	33 – 64
	64

	4033 – 8064
	2
	33 – 64
	64


We are currently assuming that, whenever an access cluster requires more than one ring, all rings are set up with the same STM-N system. This disregards a possible mix of ring types within a cluster, which could enhance utilisation. The reason for this simplification is that it would otherwise be necessary to allocate the access nodes to the rings with regard to their particular capacity constraints. At any rate, utilisation will be more than 50 percent even in the worst case and around 75 percent on average. A spare capacity factor beyond this is not used. 

We expect that investment in outside plant for the connection of remote locations will need to be broken down into investment in infrastructure (trenches, conduits, etc), cable and circuits. Whereas investment in the fibres themselves (always two per access ring) can be fully allocated to the E1 groups for narrowband services (leased lines included), investment in cable and infrastructure will involve splitting the costs between narrowband and broadband services, since we may assume that broadband services will be transmitted over dedicated multiplexers, line terminals and fibres but in shared cables and trenches.

Total investment for the transmission systems and the outside plant for both narrowband and broadband services in the access network is determined by applying so-called leased line and sharing factors. On the plausible assumption of 100 percent shared use of cable facilities the percentage of total length occupied by fibre laid jointly for narrowband and broadband services in one cable can then be established. As regards the percentage of shared cable lines we would propose that the investments for cable and infrastructure be split equally.

We may also assume that the infrastructure of the access network will feature joint laying, wherever possible, with subscriber line cables (or other infrastructure facilities), making costs allocable to both the subscriber line network and the access network. In development areas, 100 percent shared use may be posited. Only in gaps between such development areas will it be necessary to provide separate infrastructure for the access network. The number of such gaps is likely to vary considerably between municipal and rural areas. We would suggest using land development data to establish the ratio of development area to the total surface area of the Federal Republic. The ratio of shared to separate use could then be determined according to the ratio obtained, and expressed as fui_a. This enables the model to lower the investment costs per kilometer of cable allocated to the access network. Here, however, we must not forget that the total investment costs allocated to all the services/networks must tally with the investments in the shared-use segments. The percentage of investments allocated to the access network would then have to be split among the physically distinct networks for narrowband and broadband services. 

7.4.5.1.4 Logical and Physical Structure of an Access Cluster

The method we used previously for approximating the length of the SDH rings in the access network has led on occasion to the actual ring lengths being under or overestimated. The revised model therefore uses a "travelling salesman" algorithm instead of the star structure. The travelling salesman problem (TSP) can be stated – in simple terms – as follows. 

A salesman's task is to visit a specified number of cities and return to his starting point after visiting the last city on his tour. The aim is to find a tour that minimises the total distance travelled. A comparison of two possible routes is shown in Figure 8.

If the salesman's starting point is node 1, the optimal route will be a tour of nodes 2 to  8 one after the other, giving rise ultimately to a circle (ring), as the diagram shows.

Even if the logical allocation of concentrators to exchanges continues to be based on a star structure, the underlying physical topology is solved with a travelling salesman algorithm. In other words, the concentrators are connected to one another and to the exchange in such a way that the resulting ring length, and hence infrastructure investments, are minimised.

The algorithm used to calculate ring length in the access network is that of the "nearest neighbour". This heuristic method determines the route taken by continuing with the node closest to the one just visited. In our example then, we obtain a tour that goes to nodes 2, 3, 4, 6, 5, 7 and 8 before returning to node 1. The optimal tour, by contrast, is a sequence of nodes 2, 3, 4, 5, 6, 7, 8 and 1. Hence our algorithm overestimates by around 25 percent the ring length that matches the shortest straightline distance
.

Nevertheless, we consider the nearest neighbour algorithm appropriate. Apart from the calculations in the model being less complex, there is the added advantage of it no longer being necessary to adapt the routing, applying detour factors, in order to accommodate topographical and town planning features.

Figure 8:
Comparison of the Optimal Solution with the Nearest Neighbour Heuristic
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7.4.5.2 Backbone Network

The local exchanges are interconnected to form the backbone network. One of the basic functions of the model is to determine traffic routing in the logical network, ie at the level of the switching facilities and their interconnecting 64 kbit/s circuits or E1 groups, taking the traffic matrix as the starting point. In our calculations we assume that the backbone network should be split into two hierarchical levels. The lower level consists of the local exchanges, which switch the internal traffic from served access areas and forward the traffic for other access areas either directly or via transit exchanges (or receive and terminate incoming traffic).

The upper network level consists of transit exchanges which switch channels between trunks. This means that no subscribers are directly or indirectly connected to the exchanges, ie the exchanges route only traffic leaving the catchment areas of lower-level local exchanges. In the model the transit exchanges are co-located with the regional local exchanges.

The concept of a two-stage backbone network tallies with specifications such as those of the European Commission on the structure of interconnection pricing. In the Commission Recommendation, double transit interconnection is the most expensive interconnection service, use of which allows each subscriber in the national network to be reached. In element-based costing, this tariff covers the costs of switching in two transit exchanges and one local exchange (cf the Office of Telecommunications (OFTEL) model for the British Telecommunications PLC (BT) network).

7.4.5.2.1 Network Node Classification

Unless a particular classification is specified, the choice of exchanges carrying out the functions of the upper hierarchical level (transit function) is based on the highest traffic load of the nodes at the lower backbone level (prior to inclusion of transit traffic). The traffic from remote access nodes connected to the nodes at the lower backbone level is also taken into account. This relatively uncomplicated criterion ensures that transit exchanges are located primarily in the major population centres – largely consistent, in fact, with network operators' practice. The number of transit exchanges is determined exogenously prior to each scenario calculation, with an orientation in the first place to DTAG's data on the current relations between local and transit exchanges in its network.

However, it should be borne in mind that the required number of transit exchanges depends on various factors:

1. the maximum switching capacity at transit level, which we assume to be up to 4,000 2 Mbit/s ports per exchange, or 120,000 simultaneously switched channels;

2. the degree to which the network is meshed: the larger the number of direct routes in the network, the smaller the volume of traffic routed via the transit level and the smaller the capacity required at transit level;

3. the internal traffic remaining in the level 2 nodes: the larger the volume of traffic remaining in these nodes, the smaller the volume of traffic routed via transit exchanges; and

4. the sites and switching levels at which interconnection is possible: if interconnection takes place at level 2 only, the total amount of traffic overflowing to level 3 is smaller.

In specific cost analyses it therefore makes sense, after establishing the routing for a specific network configuration, to go back a step and look closely at the traffic loads in the nodes at transit level. It may be possible to increase or decrease the number of transit exchanges to achieve an appropriate average traffic load at the transit nodes.

7.4.5.2.2 Allocation of Lower Level to Upper Level Nodes

In allocating nodes at the lower backbone level to nodes at the upper backbone level we again apply the simple distance criterion. Since direct connections are also permitted to non-associated transit nodes (see section 3.2.2.3), it is not necessary – given appropriate parameters – for all long-distance traffic to be routed exclusively via the next higher-order directly associated transit node.

7.4.5.2.3 Routing in the Logical Network

The next step is to determine routing, taking account of the basic structure thus given. This involves the allocation of paths and the exchanges transited along these paths for connections between each pair of nodes at the backbone layer. Each local exchange is associated directly with an exchange at transit level. The model can take account of both connections between local exchanges (even if they are connected to different transit exchanges) and between local exchanges and exchanges at the upper level not directly associated with them
. Direct routes are provided as soon as the traffic load between two nodes exceeds a specified threshold at which full utilisation of one or more E1 groups is possible.

The threshold values can be used to determine the hierarchisation of the network topology. Different threshold values can be set for the connection of two exchanges at subscriber level, depending on whether or not both exchanges are located in the catchment area of the same transit exchange. Similarly, a threshold value can be set for connections to non-associated transit exchanges. Setting appropriate parameters can influence whether traffic between two catchment areas may be carried on direct routes or whether strictly hierarchical routing is applied between regional networks.

Determining the routing in the logical network is one of the key functions of our model. It involves a series of steps each corresponding to a different software module.

The first step determines the circuit matrix for a fully meshed backbone network (FTRAROUT program module). Following the division into an upper and a lower level and the allocation of lower level nodes to upper level nodes (cf section 3.2.2.2), all connections are eliminated on which the traffic load does not reach a specified limit, with the direct routes at local level being analysed first (STRAROUT module). If no direct route is provided, the corresponding traffic is added to the relation between the originating node and the transit node and to the relation between this transit node and the terminating node (alternative route). In calculating the E1 groups to be switched on a direct route, overflow routing is taken into account by providing another E1 group on a connection only if the offered traffic that cannot be carried via the existing groups with the desired loss probability exceeds a certain limit. Direct routes are dimensioned such that in the peak period a specific (relatively high) traffic percentage is rejected and offered to an alternative route. This ensures a high utilisation ratio for direct routes even if only a few connections are available. When determining the traffic threshold it should be borne in mind that – all things being equal – a high threshold leads to fewer direct routes. There is a higher degree of hierarchisation in the routing, hence the volume of traffic at transit level increases and the average connection passes through several exchanges.

The hierarchisation of the routing can, however, make sense in cost reduction terms if it leads to better utilisation of the E1 groups at the logical network level and of the STM‑1 groups and STM‑N systems at the physical level. Here again we can see a close connection between the logical and physical levels, and the associated effect on the network's optimum design and dimensioning.

The next step is to analyse in the same way the connections to non-associated transit nodes (TTRAROUT module).

Overflow traffic from the alternative route, and traffic for which no direct routes have been taken into account, is ultimately carried by the final route, which follows the hierarchical structure of the network. This route passes the maximum number of switching stages. In accordance with our assumptions, the nodes of the upper backbone level are fully intermeshed in a two-stage network, since each circuit also functions as a final route.

The connections along the final route are dimensioned in accordance with the loss probability, usually in the range of 1 percent, specified for the service in question (FoTRAROUT module).

In calculating the circuits for alternative and final routes, we bear in mind that the overflow traffic no longer has a Poisson distribution and hence the Erlang formula can no longer be applied directly. Instead, a calculation method proposed by Hayward is used to identify the maximum traffic offered to a circuit carrying overflow traffic
. Central to the approximation is the hypothesis that the composite traffic (direct + overflow) behaves in the same way as equivalent traffic 
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 increased by a safety margin but without overflow.

The circuits for the equivalent traffic are then dimensioned using the Erlang loss formula.

7.4.5.2.4 Aspects of Network Security

In the routing described in the previous section each level 2 backbone node is associated with exactly one level 3 node. This means that for connections between these nodes the first-choice route is also the final route, hence traffic can no longer overflow and there is an increased risk of outage. The traffic management then faces the problem of a decrease in the grade of service (GoS) in certain circumstances. In order to defuse this situation, DTAG for instance duplicates the switching equipment at the transit nodes. This provides two alternative logical paths for routing traffic between exchanges at the lower backbone level and associated exchanges at the upper backbone level, ie the traffic demand is handled by two sets of switching equipment.

Another way of increasing network security, already described in section 2.2, is to separate the upper backbone nodes into totally independent level 2 and level 3 switching equipment. The introduction of a purely transit level has the advantage that there are three routes available to each exchange to which subscribers are connected, whether or not the exchange is co-located with the transit exchange: the direct route to the terminating node or another level 2 exchange, the alternative route via a non-associated transit exchange, and the final route via an associated transit exchange. This again minimises the risk of outage and, given appropriately dimensioned reserve capacity, irregular overloads can be balanced out on the alternative paths with the aid of network management.

A network operator can also ultimately combine both measures in order to increase network security. Figure 9 illustrates the traffic flows in such a case.

In a specific cost analysis it should naturally be borne in mind that a network structure with duplicate transit exchanges and additional separation is not necessarily compatible with the criterion of efficiency. Rather, such an analysis needs to examine whether it is not in fact sufficient in dimensioning the logical alternative paths (paths between level 2 exchanges and non-associated transit exchanges) in a network with a separate backbone level to allow for reserve channels for each E1 group in order to guarantee the specified GoS. A network planner must basically choose between providing additional switching equipment and increasing transmission capacity on the alternative routes.

Figure 9:
Duplication and Separation in the Backbone Network
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7.4.5.2.5 Results of the Traffic Routing Calculations

The calculations yield a comprehensive overview of PSTN/ISDN traffic routing in the national core network. For each node the model determines the originating and terminating traffic and for the nodes at the upper backbone level the transit traffic. This data, available in tabular form, is the key parameter for determining switch investment. The number of line trunk groups (LTGs) to the core network required at each node can be calculated and used as input parameters to determine these costs at the lower and upper network level. At this point the number of directly and indirectly connected customers, from which the costs of customer-facing LTGs, concentrators and line cards can be derived, is also known. Traffic volumes then allow conclusions to be drawn on the processing capacity required. How we determine investments in switching technology is described in section 3.2.3.

For each directly associated pair of nodes the model calculates the traffic offered to a circuit and the traffic actually handled by the circuit, the number of circuits and E1 groups, and the route length as the direct distance (as the crow flies) between the nodes. With this data it is possible to determine basic descriptors both for the logical network as a whole and for the individual network levels. Key parameters required for subsequent calculations are the number of trunk groups in the network (the aggregate of all connections) and the product of the number of trunk groups and their length, also as the aggregate of all connections. Other parameters which may be derived are the utilisation ratio of E1 groups and the (average) portion of overflow traffic in terms of total traffic for different connection types.

7.4.5.2.6 Relationship between the Logical and Physical Network Level

The previous sections describe the structure of the logical network level assumed or calculated in the model. As we have seen, the logical level can be described by nodes that switch 64 kbit/s circuits and are interconnected by 2 Mbit/s (E1) groups. At the physical network level, that is to say the transport network, the trunk groups are multiplexed into STM‑1 groups and then transported in higher bit rate STM‑N transmission systems.

For some years now, transport networks have been established on the basis of a newer technology called SDH. In SDH it is possible to extract any of the synchronous bit rates, ie 2, 8, 34 and 155 Mbit/s, from a higher multiplexing hierarchy without demultiplexing. This is achieved by synchronising throughout the network the STM‑1 frame, which can then be accessed by nearly all circuits or lines. It must be remembered that circuit demand in terms of E1 groups (2 Mbit/s), E3 lines (34 Mbit/s) and E4 lines (155 Mbit/s) arrives from different logical network layers and that E4 can also be used to interconnect SDH and any remaining PDH networks. The use of E2 (8 Mbit/s) is no longer envisaged in the relevant European Telecommunications Standards Institute (ETSI) standard.

At the lowest level of SDH, 63 E1 groups are multiplexed into a synchronous transport module 1 (STM‑1)
. This function takes place at the electrical level. The signal can subsequently be converted by electro-optical means and transmitted over an optical fibre infrastructure. At STM‑1 the signals are transmitted at 155 Mbit/s.

Several STM‑1s can be multiplexed into STM‑4s (622 Mbit/s) or STM‑16s (2550 Mbit/s), the signals being electro-optically converted at the next highest level. The high bit rates offered by optical fibres open up considerable economies of scale by bundling the E1 groups in STM‑N systems. This bundling simplifies the degree to which the network needs to be meshed from the logical level through the STM‑1 level up to the STM‑4 and STM‑16 level. This relationship is illustrated in Figure 10.

In our model, multiplexing at all STM‑N levels (N = 1, 4, 16) takes place at the electrical level. The option of extending the multiplexing system to STM‑64 is also taken into account. In future higher-order systems (10 Gbit/s) an intermediate level is likely to be introduced between the optical signal transmitted and the electrical signals, using wavelength division multiplexing (WDM) or dense WDM (DWDM). However, the use of WDM or DWDM transmission systems in national networks is not expected to become economic until increasing traffic demand from future broadband services is to be satisfied.

The nodes in the transport network consist of digital cross-connects (DXCs). Their function is to route E1 groups to switch units or to cross-connect these lines between incoming and outgoing STM‑1 frames. The structure of a DXC is therefore much the same as that of an exchange. However, "switching" does not take place in individual instances according to the signalling information received but on a permanent basis controlled by network management
. This permits a high degree of flexibility in routing traffic through the transport network and recourse to reserve capacities at short notice in the case of overloads or outages.

Figure 10:
Physical Transmission Layer Model
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It is obvious that the provision of transmission links for a low number of E1 groups per link – which is typical of many direct routes between local exchanges – is economically unacceptable since the economies of scale and scope offered by the transmission infrastructure would remain unexploited. The basic optimisation problem in network planning is to benefit from the trade-off between efficiency gains achieved by concentrating trunk groups on just a few transmission systems and efficiency losses incurred by an increase in overall route length (and frequent cross-connection of the E1 groups) in the transport network. In the transport network, routing an E1 group between two exchanges via "detours" is accepted to a certain degree so as to make optimum use of the STM‑N systems. On average, each E1 group is hence routed over more than one segment of the transport network. Knowledge of the relationship between the average path length in the logical network and the corresponding path in the transport network is hence of vital importance in our modelling approach. In addition, transport network protection aspects based on parity multiple routing and their impact on the corresponding paths in the transport network need to be considered.

7.4.5.2.7 Transport Network

A program module that explicitly models the transport network (TOGOCA) has been integrated into version 2.0 in order to achieve maximum accuracy. The basis for calculating investment is the E1 group matrix, derived earlier as an upper triangular matrix and now to be supplemented by markups to allow for demand for trunks in other logical networks and for leased lines
. The E1 matrix is already less meshed than the original traffic matrix because of the traffic thresholds given; it becomes even less meshed through the concentrating effect of the transmission facilities in the transport network (see also Figure 10). The program module must fulfil three fundamental tasks:

· calculate the topology of the physical network,

· determine the traffic routing for each trunk group (bit rate) type in the physical network, and

· allocate equipment and transmission systems in the SDH transport network to the individual network nodes.

Calculating the physical topology of a telecommunications network with given nodes involves deciding which pairs of nodes are to be linked by an associated transmission medium. Explicit account needs to be taken of the two aspects of cost and network reliability (multiple routing, utilisation ratio). Potential links are assessed initially using a simple cost function that allows for optimisation algorithms
.

The number of trunk groups in each transmission network section is determined and then used to accurately allocate the transmission components (cross-connect functions, regenerators, outside plant facilities).

7.4.5.2.7.1 
Determination of the Demand for Trunks in the Physical Network 

The first step – after determining the routing and the number of E1 groups needed to satisfy the demand for each logical path in the narrowband ISDN – is to determine the demand for leased lines in the narrowband ISDN and for E3 and STM‑1 groups in the broadband ISDN. This is necessary because integrating the narrowband and broadband networks at transmission level yields economies of scope and scale that in turn reduce the unit costs of transmission equipment and outside plant for circuit-switched E1 groups in the narrowband ISDN.

The transport network, or the transmission and outside plant facilities in the SDH network, can be appropriately dimensioned using percentages corresponding to the ratio of the demand for lower bit rate groups to the integrated demand for the next higher bit rate. The resulting factors can be used to successively increase the demand for trunks in the PSTN/ISDN in order to determine the total transmission capacity required in an integrated transport network. We assume that the demand for trunks can be broken down into demand for

· E1 (2 Mbit/s) groups,

· E3 (34 Mbit/s) groups, and

· STM‑1 (155 Mbit/s) groups.

In determining the total number of E1 groups in the narrowband ISDN a differentiation is made between demand for switched E1 groups and that for E1 groups for leased lines. The proportion of demand for switched E1 groups to total demand for E1 groups also gives the proportion of leased lines.

The broadband traffic can be determined by proportionally increasing the demand for trunks in the narrowband ISDN, provided that the relations in the narrowband and broadband ISDN traffic matrices are more or less the same.

Table 3 lists the parameters used to determine service demand in the transport network on the basis of the demand for trunks for switched services in the narrowband ISDN. One STM‑1 group is taken to be equal to 63 E1 groups, and one E3 group equal to 16 E1 groups, as shown in Table 4.

Table 3:
Structural Parameters of the Transport Network at the Backbone Level

	Descriptor
	Value
	Explanation

	fue_LL
	0 < fue_LL < 1
	Ratio of the number of E1 groups for circuit-switched services to the total number of trunk groups in the narrowband ISDN

	fue_E3
	0 < fue_E3 < 1
	Ratio of the number of E1 groups to the integrated demand for E1 and E3 groups

	fue_STM-1
	0 < fue_STM-1 < 1
	Ratio of the number of E1 and E3 groups to the integrated demand for E1, E3, E4 and STM‑1 groups

	uf
	1 ( uf
	Detour factor for geographical conditions


7.4.5.2.7.2 Configuration of the Transport Network Topology

Once the demand relations between the switching nodes have been determined, the network planner faces the problem of linking the node sites given such that two aims are met: minimising traffic transport costs, and satisfying demand while taking account of GoS. These two aims also determine the order of the steps in the network planning process: first the network structure is defined, then the actual feasibility of implementing the demand relations between the nodes is examined. This interdependent process can only lead to optimal network configuration if an iterative method is used.

The Topology Optimisation Tool (TOOT) module calculates a transport network satisfying the efficiency criterion, based on the logical network structure determined by the traffic routing module in section 3.2.2.3. The TOOT module uses an optimisation algorithm (BICONSOL) to determine which physical links are actually to be set up between the backbone nodes. The algorithm follows an "add-drop" heuristic to generate an optimum network topology with dual routing between all backbone nodes.

The heuristic is based primarily on cable or route kilometre costs. In other words, the aim is to find the network structure where all the nodes are connected and the total length of the links is minimised. This structure is also called the minimum spanning tree (MST). The possibility of further reducing the costs of the tree by reconfiguring the links is then examined, taking into account the number of trunks per link. The resulting optimum tree structure is meshed by adding physical links, each forming a basic ring, until each node is located on a ring. Each additional link is chosen taking into account its length and the number of nodes located on its ring. The result of this "adding" process is a network topology with dual routing, ie where all the nodes are interlinked by at least two disjunct transport paths. This can be thinned out if required to give longer rings and save on the costs of outside plant facilities. This "dropping" process filters out those links whose removal reduces costs while retaining dual routing. The whole process can therefore be broken down into four steps:

1.
calculation of the MST,

2.
optimisation of the MST,

3.
creation of basic rings (dual routing configuration),

4.
removal of redundant links.

The process shows that if in particular high outside plant costs and low routing costs are assumed, the resulting topologies are very weakly meshed and have only a few basic rings, but therefore have a large number of intermediate nodes for routing.

While steps 1 and 3 can be done in a fair amount of time, even given a large amount of nodes, the time taken for steps 2 and 4 increases considerably with the number of nodes. The TOOT module allows step 2 or 4 to be omitted. If in particular step 4 is omitted, the resulting network topologies are more highly meshed and have fewer intermediate nodes. This may be important for technical or network security reasons, and may justify the higher costs.

Figure 11 illustrates the process for determining an efficient network topology.

Figure 11:
BICONSOL Algorithm
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The thin lines are the links in the MST, and the thick lines the additional links required for dual routing. The original tree is examined to identify any redundant links: at this stage the network structure will generally comprise multiple routes, with links that are not necessarily needed to guarantee dual routing and that can be removed to achieve savings in infrastructure and transmission costs. In the network illustrated in Figure 11, the link between nodes 5 and 10 can be removed; in this case, dual routing is maintained throughout, the costs of installing and operating the link are saved, and the ring for routing traffic between nodes 5 and 10 is still sufficiently short.

7.4.5.2.7.3 Routing of Trunks in the Transport Network 

The configuration process gives the total number of E1 groups per node, which corresponds to the traffic demand between the nodes. The number of E1 groups comprises the E1 groups in the narrowband ISDN and the trunk groups in the broadband network, expressed in terms of E1 groups as follows:

Table 4:
Equivalence between E1 and other Trunk (Bit Rate) Groups

	Trunk (bit rate) group
	Equivalent number of E1 groups

	E1
	1

	E3
	16

	E4
	63

	STM‑1
	63


The task of the ROUTE module is to route each group required in the physical network. It uses the number of E1, E3 and STM‑1 trunk groups and looks for the shortest disjunct paths to route a trunk between two nodes. It gives the trunk volume per transport path, ie the number of groups that need to be transported along each physical link in the network. The demand for trunks is then used to determine the number of STM‑1 frames needed for transmission in the SDH transport network.

7.4.5.2.7.4 Allocation of SDH Transmission Systems 

After trunk routing, the STM‑1 frames are grouped to form higher bit rate SDH modules. The number of STM‑1 frames transiting the transmission equipment at the transport network nodes is used to determine the cost-optimal line terminals in the SDH network: the size and functions of the cross-connects located at the ends of the links are determined by choosing the combination of STM‑N frames (N = 1, 4, 16, 64) that minimises the per-link costs of transmitting the number of STM‑1 frames calculated from the demand for trunks. The principle here is that a well utilised STM‑N transmission system of a higher level in the SDH hierarchy is less costly than several smaller STM‑1 transmission systems.

Once the transport modules have been allocated in the required SDH network, the list of transmission equipment and components is complete, and the number of outside plant facilities (eg regenerators and optical fibres) per transport network link, or the total route length in the backbone network, is known. These data can be used to calculate the total and individual costs per trunk group type and network element. The costs of shared elements are allocated according to the equivalent number of E1 groups calculated using Table 4.

7.4.5.3 Switching

The following sections set out the investment analysis for the switching functions. Each individual exchange is costed, remote concentrators being treated as part of the associated exchange but with separate accommodation costs. We assume that the forward looking calculations are to be based on a fully digitised network.

The investment cost of an exchange capable of performing its core task, ie the on-demand, end-to-end provision of 64 kbit/s channels between

· two subscribers,

· a subscriber and a trunk, or

· two trunks,

is built up from the number of subscribers directly or indirectly connected to the exchange, the number of call attempts derived from the traffic carried by the exchange (in Erlang), and the number of E1 groups from the exchange to the core network.

As with the cross-connects, it is possible to define the basic functions of an exchange which require investment: the insertion and extraction of E1 groups in the switching nodes; the end-to-end provision of 64 kbit/s channels in the switching matrix; the concentration (and expansion) of subscriber traffic; and the provision of interfaces to the subscriber lines in the form of line cards (subscriber line units).

An exchange performs a host of additional functions. Some of these, such as routing, charging and signalling, are directly related to its basic functions. Others provide for new, enhanced services such as Centrex (the provision of private (automatic) branch exchange (P(A)BX) functions by the exchange), intelligent network (IN) services (eg calls to freephone and priced services), virtual private networks (VPNs), televoting, and calling card services. Other service features such as the ISDN supplementary services call forwarding, broker's call, conference call, last number redial, and completion of calls to busy subscribers, are subscriber-oriented. These features are implemented by modifications in the software of the exchange and, in some cases, higher-level network management facilities, which also raises hardware requirements. The features are sometimes part of the manufacturer's basic package, and sometimes offered and billed separately. In defining the investment parameters, in particular for the central processor (CP), it must be ensured that only those features are taken into account that are provided to interconnected operators under interconnection charge agreements.

Another key requirement to be met by the cost model is to separate subscriber line driven investments and investments driven by traffic demand. Only the latter can be seen as incremental to conveyance and hence to an operator's interconnection service offering. In theory, there is a clear dividing line between subscriber line driven investments and investments driven by traffic demand between the concentrator and line cards, as illustrated in Figure 12. In practice, however, the possible integration of functions in shared components may create problems in determining the investment for each individual function.

The following sections describe the network elements, ie components and functions, taken into account, and set out the formulae used to determine total investment in each network element per exchange.

Figure 12 first illustrates the switching functions and components taken into account.

Figure 12:
Basic Functions of an Exchange
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The investment parameters used to determine the total investment cost of an exchange are listed below:

Table 5:
Investment Parameters for Switching

	Parameter
	Definition

	ca/b
	Investment in the connection of an analogue subscriber line

	cs0
	Investment in the connection of an ISDN basic rate access

	ckon
	Investment in concentrators per E1 group

	cla
	Investment in ports to the switching matrix per E1 group

	ccp
	Investment in processor capacity per 1,000 BHCAs

	ckop
	Investment in switching matrix capacity per E1 group

	cub
	Investment in accommodation assets, including air conditioning, power supply, etc

	cfix
	Fixed investment in switching components and functions not covered by any of the other parameters


As with the transport network calculations, a number of structural parameters are used in addition to the investment parameters:

Table 6:
Structural Parameters for Switching

	Parameter
	Definition

	Oc1
	Concentrator utilisation

	Oc2
	Port, switching matrix and CP utilisation

	#grfix_kop
	Basic capacity of the CP (in E1 ports)

	#bhcafix_cp
	Basic capacity of the CP (in BHCAs)

	h
	Ratio of successful to unsuccessful BHCAs

	HT
	Average call duration


Line Cards

A line card is the interface between a physical connection to a subscriber (copper pair or other medium) and an exchange. Its task is to transfer and, if necessary, convert the user and signalling information transmitted via the subscriber line, to test the line, and to supply power to the connected terminal equipment. The functions performed by a line card are summed up by the acronym BORSCHT (Battery feed, Overvoltage protection, Ringing, Supervision, Coding/decoding, Hybrid, Testing).

More than one subscriber line is normally terminated on each line card. From a subscriber's viewpoint, the line card precedes the concentrator, and hence expected subscriber traffic demand is of no importance. The investment in line cards must therefore be fully allocated to the subscriber line network costs and need not be taken into account in calculating the costs of interconnection
. However, it must be remembered that there are costs common to both the subscriber line network and the core network and which need to be split between the two using a suitable yardstick. Such costs include, in particular, the costs of the accommodation assets (including power supply, air conditioning, etc) for the exchanges and remote concentrators. The directly allocable costs arising at the site are a suitable yardstick for splitting the common costs. In this respect it makes sense to include a separate calculation of the investment in line cards in the core network model. The calculation needs to differentiate between the two basic types of access: analogue (a/b), and ISDN basic rate (S0). ISDN primary rate access lines (S2M) do not need special line cards: they are connected directly to the switching matrix via E1 ports. The investment in line cards per exchange i can be determined according to the following formula, whereby the number of each type of access is the total number for all the nodes in the access cluster:
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Concentrators

The task of a concentrator is to bundle the subscriber traffic and convert it into the basic unit of the logical network, the E1 group. From a subscriber's viewpoint, a concentrator is normally the first network element dimensioned according to traffic demand. A concentrator can be either co-located with the local exchange (host concentrator) or located in an adjacent access area (remote concentrator). Because the investments for the whole of an access cluster are calculated, no differentiation is made between host and remote concentrators. We assume it is possible to determine the investment value of subscriber traffic concentration per E1 interface. The number of E1 groups between remote concentrators and their associated exchanges was determined in order to calculate the investment in transmission equipment in the access network. This number can now be multiplied by the investment parameter ckon. On the one hand, the E1 groups for primary rate accesses need not be included: each access corresponds exactly to one E1 group, or 30 user-information channels, which need not be concentrated; in many cases, the P(A)BXs connected via the primary rate accesses perform the function of concentration. On the other hand, concentrators for subscribers directly connected to the local exchange need to be taken into account. The investment, again for the whole of the access cluster, can be calculated according to the following formula:
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where
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connected to a local exchange.

Ports for E1 Groups
A port is the common interface between an E1 group from the core network or a customer-facing concentrator and a switching matrix (the switch per se). The number of E1 interfaces required can be derived directly from the number of E1 groups from the core network to the exchange plus the number of E1 groups carrying originating and terminating subscriber traffic. These data are output in the traffic routing calculations. Once the investment value per E1 port has been determined, the investment for a local exchange can be calculated according to the following formula:
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where

# gri
=
number of E1 groups connected to the exchange (cf also formula (4))

The formula for a transit exchange is as follows:
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Switching Matrices
The task of a switching matrix is the on-demand, end-to-end provision of 64 kbit/s user-information channels between incoming and outgoing lines. The lines are connected either by changing the time-slot of a channel within an E1 group (time stage) or by relocating the channel to another E1 group without changing the time-slot (space stage). The combination of time and space stages ensures virtually full accessibility, ie any incoming channel can be connected to any outgoing channel. The maximum capacity of a switching matrix such as version 11 of the EWSD system is currently almost 2,000 E1 interfaces. Some of these interfaces are required for special functions such as recorded information services. This means that the number of E1 groups which effectively need to be connected is slightly lower. A considerable increase in maximum capacity is expected in the future. The required capacity of a switching matrix can be derived from the number of E1 groups connected. The investment includes an indivisible element for basic capacity and is calculated in terms of the replacement value per E1 interface connected. The number of E1 groups is drawn from the calculation for ports. The following formula is applied:


[image: image125.wmf]þ

ý

ü

î

í

ì

-

+

+

=

0

,

ckop

*

2

oc

gr

#

gr

#

gr

#

max

ckop

*

gr

#

C

kop

_

fix

i

i

_

access

kop

_

fix

i

_

Koppelfeld


(7)

where

# grfix_kop
=
fixed capacity of the switching matrix (in E1 ports).

Central Processor (CP)
The switching matrix is controlled by one or more microprocessors (the CP). The basic task of the CP is to configure the switching matrix according to the signalling information received and to monitor the matrix for the duration of the call. The CP performs additional functions such as routing and charging. Investment in the CP is primarily driven by the number of BHCAs, irrespective of whether or not a call attempt results in a complete connection. Hence, account needs to be taken of the number of both successful and unsuccessful (subscriber busy, no reply) call attempts in determining the required processor capacity. Processor capacity is given in BHCAs. The number of BHCAs per exchange can be derived from the available traffic data, provided appropriate assumptions are made about average call duration and the ratio of successful to unsuccessful call attempts. It is assumed that approximately 60% of call attempts result in a complete connection. A more accurate figure should be provided by the network operators participating in the consultative process. The total number of BHCAs can be derived according to the following formulae:
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for a local exchange, and
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for a transit exchange,

where
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In addition, we assume it is possible to determine prices for processor capacity functions (given in BHCAs (or N BHCA where N = 1,000, etc)) which cover both software and hardware. Once again, the investment consists of two elements: a fixed basic element, and an element variable with volume above a certain capacity limit. The general formula is
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where

#bhcafix_cp = fixed processor capacity (in BHCAs).
Here again, we differentiate between local exchanges and transit exchanges. It is important to note that the call processing capacity which can be provided by the hardware is not fixed: it depends on the service features implemented by the exchange's software. The types of call also influence the required processor capacity. Recent years have seen a trend towards a decrease in the call processing capacity of current hardware. This is due to the continuous increase in the basic capability of the software and presumably to the increase in the proportion of calls to service numbers, mobile radio networks, or other interconnect partners. This implies that the price per BHCA will always depend on the expected mix of call types and on the service features implemented. In determining the price per function it must be made clear which call types and which service features are to be taken into account. The features are, on first approximation, all those that under interconnection agreements cannot be used across network boundaries.

Miscellaneous

Finally, we need to consider the indivisible investments in an exchange that as a whole are incremental to conveyance, such as investments in control terminals, traffic meters, or equipment used to store call data records. We assume it is possible to determine an investment parameter per local exchange and per transit exchange.

The total investment cost of an exchange which is directly allocable to conveyance is given by the sum of the investments in the individual elements, excluding the investment in line cards, which is fully allocable to the access network. The following formulae apply respectively to a local exchange, including remote concentrators, and a transit exchange:

CVE_T_i= CKonzentrator_i+CLeitungsanschluss_VE_T_i+CKoppelfeld_VE_T_i+CProzessor_VE_T_i+cfixVE_T
(33)

and

CTransVE_i= CLeitungsanschluss_TransVE_i+CKoppelfeld_TransVE_i+CProzessor_TransVE_i+cfixTransVE
(34)

The annual demand per minute can be used to express the annualised investments as "costs" per local or transit exchange minute. Strictly speaking, costs can be specified for available capacity only, while per-minute costs are determined using conversion conventions, hence the inverted commas.

Accommodation Assets
Investment in accommodation assets comprises investment in buildings and in false floors and/or cable racks, power supply, air conditioning, fire prevention, and lightning prevention in the buildings. We intend to differentiate between investment in accommodation assets cub for a remote concentrator, a local exchange, and a local exchange co-located with a transit exchange. In contrast to the miscellaneous investments dealt with in the previous section, investments in accommodation assets are not fully attributable to the trunks, but must be seen as common to both the access and the core network. The element-based cost analysis makes it necessary to split the investments further into those for switching and those for transmission. We consider it appropriate to use as a yardstick for splitting the investments the investment directly attributable to the individual sites, ie excluding investment in outside plant facilities.

The period of use for land is not limited, which means that investments in land cannot normally be depreciated. The investment parameter cub_l is therefore used for the investments in the proportion of land attributed to an exchange.

7.4.5.4 Signalling Network

The 64 kbit/s user-information channels in the ISDN are connected and disconnected through the exchange of signalling information. The task of a signalling system is to transfer dialling information between exchanges, to initiate charge metering, and to interpret the call control information. This task is fulfilled by Signalling System No 7 (SS7) as standardised by the International Telecommunication Union (ITU). SS7 is characterised by the separation of the user information and the signalling information. The signalling information is bundled and routed via separate channels (common signalling channels). One 64 kbit/s signalling channel can be used to transmit the call control information for, on average, several hundred user-information channels.

The signalling network is logically an independent network with its own nodes. It overlays the user-information channel network and applies packet switching as opposed to circuit switching as applied in the user-information channel network. The signalling network is itself integrated at the information transfer level into the SDH transport network. The signalling information is conveyed via either one channel within an E1 group or a special bundle of common signalling channels.

Figure 13:
Concept of Common Channel Signalling
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The switching nodes in the signalling network can be divided into two categories:

· a signalling point (SP) is a node in which the signalling information required to switch the user-information channel in the associated exchange in the user-information channel network is processed. All local and transit exchanges (or, more precisely, their call processors) can function as SPs in the ISDN for any calls whose user-information channels are switched via these nodes;

· a signalling transfer point (STP) is a node in the signalling network in which a signalling channel is switched but the signalling information is not processed. This means that the corresponding user-information channel is not switched by the associated exchange in the user-information channel network. Hence, an SS7 node can function as an SP for some calls and as an STP for others, depending on whether or not the corresponding user-information channel is switched by the associated exchange (see Figure 14).

Figure 14:
Signalling Network and User-Information Channel Network
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The exact SS7 procedures are complex. The costs generated by a call depend on a number of parameters which, if the principle of causality were applied, would lead to a highly differentiated cost structure for different calls. Such differentiation is a very complicated task and, if seen as essential, can only be done in close cooperation with the network operators.

We propose a simplified investment calculation in which the number of call attempts is taken as the key cost driver for investment in the signalling network. This simplification nevertheless aims to approximate the costs of an efficiency-oriented signalling network.

Each exchange performs the function of SP for all calls routed via the exchange, and must therefore have appropriate equipment to process the signalling information as well as interfaces with the common signalling channels. We assume that, as with the CP, it is possible to determine an investment figure per BHCA. Also determined is the investment in interfaces with common signalling channels, with the number of interfaces per exchange also being derived from the number of BHCAs, given the capacity per channel.

Each SP is connected to two STPs. We assume that all STPs are used to approximately the same extent, and therefore that a fixed investment per STP can be taken. The number of pairs of STPs in the network can be determined on the basis of DTAG's network structure.

7.4.5.5 Network Support Investments

The categories dealt with so far cover the investments directly attributable to the exchanges and to the transport and signalling network elements. In addition to these directly attributable investments, account needs to be taken of investments that are essential for network operation but that cannot be determined directly using the model's cost drivers. Such investments include those in

· land and buildings, where not directly accounted for as accommodation assets,

· motor vehicles,

· workshop facilities and spare parts,

· office and general information technology (IT) equipment,

· network management, and

· other network support equipment.
Since these investments are not determined using the direct cost drivers, an alternative basis is needed. We assume that the indirectly attributable investments are proportional to the directly attributable investments. We propose determining the proportions by analysing and assessing network operators' business accounting data. The use of such data is potentially in contradiction of our bottom-up approach but is essential in order to model network support investments (as well as operating costs). In the end, what is important is that the business accounting data be interpreted and, if necessary, adapted to the desired purpose.

The aim here is first to identify the network operators' asset cost categories covering the directly attributable network infrastructure investments that are also taken into account in the calculation. The next step is to identify other investments in assets that can also be classified as network infrastructure investments. The ratio between the existing fixed asset investments, assessed in replacement value terms, can be used to determine an initial benchmark for the ratio of directly attributable investments to network support or indirectly attributable investments.

Depending on the detail of the business accounting data, the network support investments are directly allocable to the network elements.
We assume, however, that in respect of some or all of the network elements considered, the capital and operating costs arising from these investments are to be treated as common costs, either because they are not generally attributable or because the cost accounting method used and our defined network elements do not coincide. In this case the direct investment in each network element can be marked up using a common percentage, in line with our preferred approach of using directly attributable investments as a yardstick for splitting common costs.

If, by contrast, the markup (or reference value) is based on the annual capital costs or the annualised costs (including operating costs) of the directly attributable investments, then, all things being equal, a higher proportion of the common costs will be allocated to those network elements with a high risk premium, shorter asset life, or relatively high proportion of operating costs. The latter would not be implausible, since the operating costs of a network element may be positively correlated with the network support investments, for instance a larger fleet of vehicles may mean more maintenance work on outside plant facilities. By comparison, there will be no such correlation between risk or asset life and the costs of network support functions.

These opposing effects allow us to conclude that our preferred approach does not conflict with the requirement for cost allocation by origin, not only because of the practicability. Activity based costing could counter the problems of calculating percentage markups by determining cost drivers and reference values, but would be outside the scope of this model.

A markup can be calculated provided that the ratio of directly to indirectly attributable investments has been determined. The total investment for each category of network support functions must then be annualised using the capital and operating cost factor described in section 4. These annual costs are then split between the individual network elements in proportion to the relevant directly attributable investments.

We intend to draw benchmarks for the ratio of directly to indirectly attributable investments initially from publicly available sources such as statistics, annual reports and cost studies.

Table 7 serves to illustrate how percentages can be derived to determine indirectly attributable investments. We assume that the network support investments can be divided into three categories only: switching and signalling, transmission, and outside plant. Proportional markups are used to split the investments further between the network elements, if necessary. We see this approach as a relatively simple and therefore practicable way of determining the indirectly attributable investments of an efficient network operator. The model provides scope for differentiated markups derived from more detailed procedures to be used for each network element.

Table 7:
Ratio of Indirectly Attributable Network Support Investments to Directly Attributable Investments

	Asset categories for network support
	Asset groups

	
	Switching
	Transmission
	Outside plant

	1
Motor vehicles
	*
	*
	*

	2
Workshop facilities
	*
	*
	*

	3
Office equipment
	*
	*
	*

	4
Land and buildings
	*
	*
	*

	5
General IT
	*
	*
	*

	6
Network management
	*
	*
	*

	7
Other network support equipment
	*
	*
	*

	

	VA
Existing assets (excluding network support assets)
	*
	*
	*

	
	
	
	

	Markup for motor vehicles (1/VA)
	*%
	*%
	*%

	ß
	ß
	ß
	ß

	Markup for other equipment (7/VA)
	*%
	*%
	*%


7.5 Capital and Operating Costs

7.5.1 Capital Costs

This document does not cover calculation of the capital costs of the assets required for operating the core network as determined in the model (expected return on investment and depreciation). The annualisation of investment values in a cost study applies criteria established by the regulator.

7.5.2 Asset-Related Operating Costs

In order to avoid misunderstanding, we draw attention to the fact that in contrast to Anglo-Saxon convention, expected depreciation is seen as part of the capital costs. Asset depreciation is therefore not covered in modelling the operating costs as described below.

It is difficult to take due account of asset-related operating costs in a bottom-up model. This is because of the complex workflows, which make it hard to identify cost drivers, and the company-specific nature of the workflows. While international technical standardisation means the rules for the configuration of a telecommunications network are largely well documented, the operational procedures established by individual network operators are not. In analogy with the determination of the network structure, operational procedures would need to be described in activity based costing terms which mirror the relevant cost drivers and therefore allow costs to be allocated to individual services or network elements.

Furthermore, a forward-looking long run incremental cost (FL LRIC) approach would mean that activity based costing would need to reflect not only past activities but also the development of the ongoing costs of efficiently operating assets. This means that, as with economic depreciation, factors influencing the operating costs need to be defined and their development forecast, ie the future technical and economic causalities need to be recorded.

In addition to the aforementioned complexity of operational procedures in a telecommunications network, forecasting the development of the relevant influencing factors requires an extremely large volume of data. The associated task of modelling the procedures is as a rule too intricate to be done in a cost study or model by external analysts.

As in the case of indirectly attributable investments, factors can be used which express the operating costs for different fixed asset categories as a percentage of the total costs. These factors are derived from figures taken from the regulated company's (or comparable companies') business accounting data. Such figures include nominal expenditure (pay and material costs) which can be allocated to individual fixed asset categories using the cost category accounting data, and the replacement value of the assets in these categories. Any expected and foreseeable changes in expenditure on account of, say, wage and price increases should be taken into account. This of course means that the cost accounting methodology must have sufficient granularity to enable the operating costs to be differentiated and correctly allocated to the categories causing the costs.

The operating cost factors derived can be applied to the assets required for operating the network, as determined in the bottom-up model, and represent an acceptable approximation of the expected operating costs of an efficient network.
Table 8 illustrates how operating cost factors can be calculated using business accounting data. The required data for the specified cost categories can be taken from internal accounting data, where appropriately structured. The existing assets can also be determined using the model's investment calculations and the structural parameters of DTAG's existing network.

Based on the European Commission's Recommendation on interconnection in a liberalised telecommunications market, the operating costs incremental to providing interconnection services are divided into four categories
:

· "maintenance" covers all services provided for maintaining the asset functions;

· "network planning and development" covers costs for capacity planning, network build, route planning, and research and development for network optimisation;

· "network operation and management", the actual operational area, covers activities such as traffic routing, monitoring, power supply, and traffic data collection; and

· "accommodation assets" covers all annual expenditure on property rental, cleaning and maintenance.

In order to avoid double counting of costs, a clear-cut distinction is needed between investments in land and buildings or technical accommodation assets, and rental costs. Either investments for land and buildings per switching/transmission unit  or operating costs/required space per unit and rental per m² (in euros) can be input.

In our opinion, splitting the assets between switching at local and transit level, transmission in the access and backbone network, fibre optical cabling and trenches, transmission duct networks, and accommodation assets adequately reflects the origins of the operating costs.

The operating cost factors derived from the ratio of operating costs to assets in each asset category can be grouped equally well with capital cost factors of these asset categories. The annual costs of an efficient network operator can be determined by multiplying the calculated investment by the relevant capital and operating cost factor.

Table 8:
Operating Cost Factors for the Core Network

	Operating cost category
	Cost type
	Asset category

	
	
	Switching
	Transmission
	Accom​modation assets
	Optical fibre cabling/
trenches
	Trans​mission duct networks

	
	
	Local
	Transit
	Access network
	Back​bone network
	
	
	

	

	Maintenance
	Personnel
	*
	*
	*
	*
	*
	*
	*

	
	Material
	*
	*
	*
	*
	*
	*
	*

	
	Other
	*
	*
	*
	*
	*
	*
	*


	

	Network planning and development
	Personnel
	*
	*
	*
	*
	*
	*
	*

	
	External
	*
	*
	*
	*
	*
	*
	*


	

	Network operation and management
	Personnel
	*
	*
	*
	*
	*
	*
	*

	
	Other
	*
	*
	*
	*
	*
	*
	*

	
	Energy
	*
	*
	*
	*
	*
	*
	*

	

	Accommodation assets
	Personnel
	*
	*
	*
	*
	*
	*
	*

	
	Rent
	*
	*
	*
	*
	*
	*
	*

	
	Other
	*
	*
	*
	*
	*
	*
	*

	

	Total operating costs
	*
	*
	*
	*
	*
	*
	*

	

	Existing assets
	*
	*
	*
	*
	*
	*
	*

	

	Operating cost factor
	*%
	*%
	*%
	*%
	*%
	*%
	*%


The operating costs for network support (indirectly attributable investments) are calculated in the same way as the directly attributable investments, as illustrated in Table 9. The only difference is that the factors are determined using the total assets and not the current assets in each asset category.

Table 9:
Operating Cost Factors for Network Support

	Operating cost category
	Cost type
	Asset category

	
	
	Motor vehicles
	Office equipment
	Workshop facilities
	Land and buildings
	Network manage​ment
	Miscel​laneous

	

	Maintenance
	Personnel
	*
	*
	*
	*
	*
	*

	
	Material
	*
	*
	*
	*
	*
	*

	
	Other
	*
	*
	*
	*
	*
	*


	

	Network operation
	Personnel
	*
	*
	*
	*
	*
	*

	
	Other
	*
	*
	*
	*
	*
	*

	
	Energy
	*
	*
	*
	*
	*
	*

	

	Other
	Personnel
	*
	*
	*
	*
	*
	*

	
	Rental
	*
	*
	*
	*
	*
	*

	
	Other
	*
	*
	*
	*
	*
	*

	

	Total operating costs
	*
	*
	*
	*
	*
	*

	

	Total existing assets
	*

	

	Operating cost factor
	*%
	*%
	*%
	*%
	*%
	*%


However, if operating cost factors are applied that are derived from business accounting data, account must be taken of the fact that

· the operating expenditure recorded may be higher than that of an efficient operator because of, for example, the former monopolist's oversized workforce,

· there is no general and intertemporally stable causal relationship between the level of investment and operating expenditure,

· the operating cost factors need to be aligned with any changes in the applicable replacement value and hence the assets valued, and

· expenditure in previous periods may have been generated by assets which do not belong to a forward-looking modern equivalent asset (MEA) approach to costing.

As in the case of indirectly attributable investments, we intend to use international benchmarks to determine ranges for the operating cost factors. These benchmarks can be derived from, for example, cost accounting data or studies published by other regulatory authorities. Also available are network operator data used for regulation in other countries.

It must be added that the cost factors used to determine the operating costs for a national core network operator and interconnection service provider do not reflect the costs incurred in intercarrier billing. These costs would need to be incorporated into a common cost markup for interconnection services, as with overheads.

7.5.3 Annualisation Factor

Finally, the investments in assets directly and indirectly attributable to the network elements, in replacement value terms, can now be annualised. The investments first need to be split between the various elements and then, as far as necessary, between the asset categories. The specific annualisation factor comprising capital and operating costs can then be applied. The last step is to allocate those costs that are not directly attributable to the network elements, which in this case are the accommodation costs for technical equipment and the network support costs. The extent to which these costs are directly attributable depends on the detail of the network operators' data. If the costs are not directly attributable, we prefer, as already mentioned, splitting the costs on the basis of the directly attributable investments.

7.6 Costs of Interconnection Services

7.6.1 Conversion into Per-Minute Costs for Network Element Usage

The annualisation of the investments (including the directly attributable investments) in the network elements specified in section 2.3 gives the annual costs of the network elements. These annual costs are to be seen as the long run incremental costs of network infrastructure before the addition of overheads and the allocation of costs of other value activities. In order to convert these into costs per minute, annual demand for the different network elements must be determined. This is done in two steps.

The first step is to divide the annual cost per network element by the number of minutes in the hour in question, which is computed in the model. This gives the annual costs of production capacity per busy hour minute.

The second step is then to convert the costs per minute during the busy hour into average costs per minute, assuming equal distribution. The number of units per year first needs to be derived from the number of units per busy hour. It is important to note that the average per-minute costs determined at this stage do not reflect the differences according to time of day. The number of charge periods to be differentiated may need to be determined in further steps.

The following questions then need to be addressed in respect of costs driven by the number, as opposed to the duration, of calls:

· Should the costs be converted into whole call minutes so that longer calls are allocated higher costs than shorter calls?

· Would it be appropriate to divide the cost function into a fixed element for call set-up and an element variable with call duration?

7.6.2 Services and Network Element Usage

The aim of the cost analysis described here is to establish per-minute costs for the basic interconnection services sought. Interconnection services are understood as comprising call terminating services and call originating services
.

A call terminating service concerns the delivery of a call, by the interconnection service provider, from the point of interconnection (PoI) of the party seeking interconnection, to the wanted subscriber. Conversely, an originating service carries a call from the calling subscriber to the PoI of the party seeking interconnection. The service consists of provision of a 64 kbit/s user information channel between the calling party and the PoI for the duration of the call. In all cases, the connection between the interconnected networks may be set up on different network levels. The extent of the service required from the interconnection provider depends on the number (and type) of the network elements the provider needs to "produce" the conveyance service between the calling or called subscriber (where the call has its origin or destination) and the PoI. Geographical distance is only a factor insofar as it is incorporated in the costing of the separate network elements, say in the form of the average length of a transmission path. As far as differentiation between interconnection services is concerned, distance plays a minor role only.

It is widely accepted that there should be a correlation between charges for interconnection services and the network elements used. Positing element-orientation is therefore central to an efficiency-oriented pricing structure. Element-based charges ensure that the level of charges rises with the extent of network usage, which means that the incentive for companies to build their own core network infrastructure is not distorted. Building their own network structures enables operators to scale back the interconnection charges payable by providing services themselves and by reducing the extent to which they are reliant on an interconnection provider's network. Whether an operator uses his own or leased transport capacity is irrelevant, since even if he rents capacity, the change in the cost structure is such that there is a fixed rental charge (equivalent to annualised investment in the operator's own facilities) instead of interconnection charges that increase in proportion to the number of minutes.

Yet distortion may be expected when prices are based on averages arrived at via a heterogenous – in terms of network usage – class of services. Here, there is often little incentive for operators to limit the number of conveyance services purchased by investing in their own network elements, as this is not properly reflected in lower interconnection charges.

On the other hand it is clear that pricing structures should be based on averages since we cannot consider it practicable for every service to be priced according to its own special characteristics (notably costs). Yet the aim should be to build averages solely by way of homogeneous classes of conveyance. Most of the cost studies to date recommend weighting the effect of distance on conveyance costs less heavily than the number of switches passed and transmission paths used. As a result, services are classified according to the number of network sections, viz switching stages, used.

In view of the great importance for competition in the German telecommunications market, the RegTP asked DTAG to provide a structure for element-based interconnection services. The RegTP published DTAG's "Element based charging on the basis of a zone model" in Official Gazette 23/1999, seeking views on the concept and initiating a discussion that is still ongoing. Until a final decision is made on the future element based charging (EBC) structure in Germany, the European Commission's Recommendation will be used, which describes the following interconnection services:

· local level interconnection, ie interconnection at the exchange to which the called (or calling) subscriber is connected,

· single transit interconnection, ie interconnection at an exchange bundling the calls from subscribers in a metropolitan region such as a large city, and

· double transit interconnection, ie interconnection at an exchange beyond the metropolitan region in which the called (or calling) subscriber resides.

Following this terminology, we can then define the network elements required for interconnection (see Figure 15). However, some expected usage factors must be determined:

· Local level interconnection:

The elements used in the local exchange are: the concentrator to bundle the subscriber traffic; one subscriber-facing port; the switching matrix; the CP; one port to the core network, if not covered by the rate for the provision of interconnection ports; and the access network. The usage factor for the access network is less than 1 because a proportion of the subscribers is directly connected to the exchange: it is equal to the ratio of the traffic routed via the remote concentrators to the total traffic of the exchange.

· Single transit interconnection

The network elements used are those used for local level interconnection plus: one port at the local exchange to the backbone network; the transmission line to the associated transit exchange
; and ports, the switching matrix and the CP of the transit exchange.

· Double transit interconnection

The network elements used are: the local exchange's components, including those for transport in the access network; two transmission lines (transit exchange to transit exchange, and transit exchange to local exchange); and two transit exchanges.

Figure 15:
Types of Interconnection Service
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However, this definition is only applicable when routing is effected on a strictly hierarchical basis. In reality therefore, it must be qualified for double transit interconnection: when traffic is heavy enough, a direct route from a local exchange to a transit exchange is also set up when the former is not located in the catchment area of the latter. The fact that double transit interconnection does not always use two transit exchanges and two separate trunks must be taken into account. Rather, this only happens when a direct route either does not exist or cannot handle any more traffic and this traffic overflows onto the final trunk group. Before the costs of an average call can be calculated an expected value indicating what proportion of the calls will use the direct route (if it exists) or the high usage route will need to be determined.

7.7 Annex 1

Explanatory note

The following pages list on the left-hand side the recommendations made by the respondents to the consultative document of 6 August 1999, and on the right-hand side the modifications made to the model, as described in the revised consultative document (version 2.0) and incorporated into the software (version 2.0).

	Recommendations made by the respondents to the consultation

	General issues

	Model philosophy/definition of efficiency

	
Retain modified scorched node assumption: MDF sites are potential sites for switching and transmission equipment

	
Successively implement optimisation algorithms




	Definition of interconnection services/network elements used

	
Exclude investments in subscriber lines, including subscriber line driven investments in exchanges and remote concentrators

	
Retain traffic-related modelling of the access network: busy hour traffic demand is the key cost driver in configuring the transport network at the access level

	










	Modifications incorporated into consultative document version 2.0

	

	

	
None



	
Maximum accuracy in modelling the network by integrating a program module that explicitly models the transport network at the backbone level


	


	
None




	
None



	
The interconnection service definitions are for the time being based on the European Commission's Recommenda​tions, but the ongoing discussions about EBC are expected to give rise to new definitions


	Closed versus open network

	
Interconnection is not the exception, but the rule

	
Take explicit account of the traffic relations between DTAG's fixed network and interconnected networks in determining the traffic matrix


Interconnection either at associated nodes at the lower backbone level or at the associated exchange at the upper backbone level

	
Take account of DTAG's subscriber lines (excluding leased pairs) only

	Discussion points arising from the model

	Traffic volume and traffic distribution

	
Retain determining demand on the basis of traffic levels per line type


Give more precise definition of busy hour, as in ITU Recommendation

	
Extend the function to determine internal traffic using additional degrees of freedom

	
Parameterise the traffic distribution function so that dependence on distance plays a subordinate role


Examine DTAG's proposal for distance classes




	

	
Consistent modelling of an "open" national core network

	
Account taken of the incoming and outgoing interconnected traffic in dimensioning the ISDN/PSTN




Recommendation adopted




	
None


	

	

	
None



ITU Recommendation's definition of busy hour adopted

	
Recommendation adopted



	
None




None




	Capacities for non circuit-switched services, leased lines and broadband services

	· Take account of the ratio of the demand for trunks from packet-switched services and leased line provision to the total demand for narrowband transmission capacity


Allocate costs according to trunk groups in terms of E1 groups



	
Determine the proportion of optical fibre kilometres for narrowband and broadband services


	
Provide an option for a fully-integrated network also at the level of the transmission equipment






	Exchange sizes/formation of exchange areas

	
Maximum capacity of exchanges at subscriber level corresponds to 125,000 line cards

	
Determine number of exchanges in the efficient network iteratively


Base model on DTAG's planned network structure with fewer than 500 exchanges at subscriber level

	
Take account of current local exchange level with fewer nodes, if appropriate

	
Extend investment modelling in the medium term to cover remote exchanges with an internal switching function


 


	


	
No change in this respect in modelling the access network: demand for trunks determined as before using the "fue_" structural parameter


Narrowband and broadband services integrated at the transmission level of the backbone network


Recommendation adopted


	
Ratio used as before for the access network; for the broadband network investment in outside plant determined endogenously



	
Fully integrated network modelled for the backbone layer also at the level of the transmission equipment; "fui_" sharing factors used to split outside plant costs between narrowband and broadband ISDN therefore cease to apply to the backbone layer

	

	
Recommendation adopted




	
None



None


	
Recommendation adopted



	
None




	Investment analysis for the access network

	
Retain modelling approach for the access network in respect of the transmission equipment used


Take account of a two-stage ring network: alternative use of transmission or switching equipment at the connections at the upper and lower ring levels

	
Replace the approximation method for the ring lengths by more accurate methods

	Shared infrastructure

	
Formulate rules for splitting infrastructure costs between different networks or services



	
Take account of internal and external infrastructure sharing using cost allocation factors




	Structure of backbone network/transit exchange sizes

	
Provide scope for analysing a three-stage network: star-structured connection of the lower switching level in the access network with the lower backbone level; partial meshing of the lower backbone level, depending on the threshold

	
Model the upper backbone level as a transit level only

	
Examine security aspects such as duplicating network nodes


Provide an option allowing trunks to be reserved for unexpected demand peaks





	

	
None




Recommendation adopted


	
Implementation of the "nearest neighbour" "travelling salesman" algorithm

	

	
Markups used to determine transport capacities for broadband services in the access network

	
Network integration in the backbone network already provided for at transmission level; infrastructure costs such as cable and route costs split endogenously

	


	
Recommendation adopted








	
Recommendation adopted



	
Scope provided for duplicating network nodes at transit level


Recommendation adopted




	Implementation of direct trunk groups

	
Provide scope for inputting different threshold values, depending on the ratio between the nodes (same region/different regions)


Create regional networks

	Investment analysis for the transport network

	
Implement a module to explicitly configure the physical network level, take account of the common routing of narrowband and broadband services, and specify multiple routing

	Investment analysis for exchanges

	
Retain level of detail; make a separate analysis of special utilisation of exchanges at PoIs

	
Give a more precise definition of the "miscellaneous" investments in exchanges


	Calculation of investments in the signalling network

	
Implement in the long term detailed modelling of the signalling network

	
Restrict the cost analysis to signalling equipment for basic services

	 




	
Recommendation adopted






Recommendation adopted

	

	
Recommendation adopted





	

	
None



	
Greater differentiation of investments in accommodation assets; accommodation costs can also be specified as operating costs

	

	
None

	
More precise definition given of the investment and structural parameters used


	Indirectly attributable investments

	
Make maximum differentiation of markup calculation according to network elements and asset groups

	
Cost driver oriented investment modelling in the long term

	Operating costs

	
Derive asset-specific operating cost factors from network operators' business accounting data

	Per-minute prices

	
Examine a two-part charge for call set-up and call clearing

	
Examine different charge models for conformity to the principle of cost-orientation, using the model's results

	
Solve the various problems arising from determining per-minute interconnection charges by basing the charge structure more on capacity

	Element usage

	
Provide scope for submitting different charge structures with cost information


Guarantee that the correct average costs are allocated to the selected call classes


 


	

	
Recommendation adopted




	
None


	

	
Description given of a procedure for deriving operating cost factors



	

	
Specification of costs dependent on call set-up and call duration


	
None



	
Original model already provides scope for determining the costs of capacity-oriented interconnection services


	

	· None



· None
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� The extent to which such subsidies may, in reality, be necessary to permit infrastructure investment, is a separate analytical question.  Monopoly markets have been shown to be inefficient in other ways, including limiting the degree to which economic forces might promote self-financed network expansion.  This is a domestic policy issue, however.  For purposes of international negotiations, it is necessary to accept a country’s actual cost and market structure, albeit while adjusting the results as those costs change over time.


	�	A book highly to be recommended in this context is The Art and Science of Negotiation by Howard Raiffa, Harvard University Press, Cambridge, Massachusetts and London, England, 1982. 


� 	Recommendation D.600R defines subregional traffic as "traffic exchanged between countries near to one another via terrestrial transmission media shared with trunk (interurban) traffic".


� 	For the purposes of Recommendation D.600R, any city where an international transit switching centre is located is a "capital". If more than one city falls within this definition, the individual data for all such cities are added together.


� 	The current cost of an item is defined as what the item would cost if it were purchased now.


� 	The rate will be negative if the price falls.


� 	If 1 SDR is worth C0 in year 0 and Cn in year n, then 


			� EMBED Equation.3  ��� 


	Depreciation is positive when the currency is devalued.


� 	N represents the objective amount of time necessary (in years) for the network's capacity to be increased, taking into account exogenous time periods relating to access to loans or the obtaining of foreign exchange. If it is assumed that the supply must be available before the demand arises, then N = 1 + average exogenous time period.


� Subregional traffic: traffic exchanged between countries near to one another via terrestrial transmission media shared with trunk traffic.


� Cross-border traffic: traffic exchanged via a direct circuit group between the subscriber exchanges of two places that are very close to each other and located on either side of an international border


� ABC: Activity-based costing is an apportionment methodology based on the following mechanism: the cost of a service is the cost of the activities that have to be undertaken to offer that service. The cost of an activity depends on the cost of the resources (material and human) that it consumes.


� Net fixed assets: purchase value - aggregate amortization.


� Current cost: what the item would cost were it to be purchased now.


* The rate will be negative if the price falls.


� If 1 SDR is worth C0 in year 0 and CN in year N, then  (=1-(c0/cn)1/N . Depreciation is positive when the currency is devalued.


	�	The term "access network" as used in this document does not mean the network segment between the subscriber's terminal equipment and the MDF but the segment linking the remote MDFs to the main exchange. 


	�	Cf Oftel, Determination of a dispute between BT and MCI Worldcom concerning the provision of a Flat Rate Internet Access Call Origination product (FRIACO), London 2000.


	�	Cf Siemens AG, Information EWSD Core Innnovation, 1997.


	�	Cf WIK, Evaluation of the responses, 6 August 1999.


	�	It is possible to take account of remote switching units for internal traffic.


	�	For an empirical view see also: The traveling salesman problem: A case study in local optimization, David S. Johnson, Lyle A. McGeoch, 1995


	�	We have called these exchanges "non-associated transit exchanges".


	�	Cf D J Songhurst "Teletraffic engineering" in Telecommunication networks, 2nd edition (J E Flood (Ed)), IEE Books, London, 1997


	�	It is also possible to combine various input signals in synchronous multiplexers (eg 1.5 Mbit/s or 34 Mbit/s) and to convert the signals into STM�N by electro-optical means.


	�	In this context "on a permanent basis" means that a cross-connection is retained until a new set of control information arrives.


	�	In the long term this demand can also be explicitly modelled using appropriate resources, but in our opinion universal markups will initially be adequate.


	�	The actual costs are calculated ex post in a detailed assessment of the individual network components.


	�	It may, however, have relevance to other issues (eg universal service).


	�	Cf Commission Recommendation 98/322/EC of 8 April 1998 on interconnection in a liberalised telecommunications market (Part 2 – Accounting separation and cost accounting).


	�	Transit services may also feature in interconnection agreements, alongside call originating and terminating services. These services (and their costs) are not addressed in this document. Costing is, however, possible under this modelling approach and can be carried out, should regulatory practice so require.


	�	If the local exchange and the transit exchange are co-located, a proportion of the calls transferred to the transit exchange does not use a transmission line, since the called/calling subscriber is connected to the co-located local exchange. This is also taken into account in the calculation.
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