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CHAPTER 6
6.
PLANNING ASPECTS
This Chapter considers the planning aspects concerned with the introduction of new technologies and services. In view of the importance of telecommunication systems to the welfare of the national economy, planning should be considered an essential activity for any country. In this Chapter, the planning aspects for radiocommunication systems have been considered separately because they involve management of a finite natural resource (the radio frequency spectrum). However, it is recognised that national telecommunication infrastructures are designed to provide a seamless integration of radiocommunication services provided by radio and non-radio systems. Radiocommunication Service is defined in the Radio Regulations and refers to particular categories of spectrum use, each separately defined, for example “Mobile Service” or “Fixed Service”. However, this Handbook deals with radio and non-radio telecommunication  “services” (with a non-capitalised “s”), meaning end-user services (e.g. facsimile or data or type of radio system such as cellular radio).

ITU-D and ITU-R have many publications (Handbooks, Reports and Recommendations) that provide an in-depth treatment of the issues briefly introduced below. A list of the relevant publications is given in section 6.8.

6.1
RADIO ASPECTS

6.1.1
Spectrum management and use

A brief outline of the fundamentals of radio spectrum management is given in the following sections in order to provide an understanding of the framework in which new technologies and services may be introduced into the radio spectrum. Much of this information has been summarized from the ITU-R Handbooks for “National Spectrum Management” and “Spectrum Monitoring”, which offer a thorough explanation of the processes and requirements involved. The terms used relating to Radiocommunication Services are defined in the Radio Regulations, particular attention is drawn to the meaning of the terms Allocation (S1.16) and Assignment (S1.18).

6.1.1.1
General aspects of the radio frequency spectrum

Radiocommunication has become an essential part of everyday life. Radio-communication systems, operating from satellite as well as terrestrial platforms, are used in a growing number of services such as national defence, public safety, broadcasting, business and industrial communications, aeronautical and maritime communications and navigation, and personal communications. Radiocommunication is often necessary where no other form of communication can be used, for example in mobile applications or where wireline communication is not available (such as in rural areas) or has been disrupted (such as in emergency and disaster aid situations). In addition to telecommunication systems, increasing use is being made of radio-based systems for environmental management, in particular remote sensing applications for protection of essential natural resources. 

6.1.1.2
International spectrum management

At the international level, because radio waves travel across national boundaries and many radio systems operate on a world-wide basis to support international communications, trade, and travel, the international community has developed, as radio technology has developed, a structure for coordinating activities and for cooperatively preventing interference. A single organisation known as the International Telecommunication Union (ITU), a specialised agency of the United Nations, has been created by participating nations. The ITU is governed by a single International Telecommunication Convention and supplemented by Telegraph Regulations, Telephone Regulations and Radio Regulations, each having the status of an international treaty. 

The Table of Frequency Allocations, given in Article S5 of the Radio Regulations, allocates the useable radio frequency spectrum (9 kHz - 275 GHz) in bands of radio frequencies to the forty or so different Radiocommunication Services. World Radio Conferences (WRCs) consider inter alia changes to the Radio Regulations in a cyclical period (currently every two years) of preparatory work by the ITU Radiocommunication Sector. Most WRCs will have on their agenda consideration of parts of Article S5, including the Table of Frequency Allocations, with a view to adjusting the allocations between different Radiocommunication Services, taking into account new requirements and technology. 

6.1.1.3
National spectrum management

At the national level, to obtain the benefits of this natural resource, each country must develop methods to manage the spectrum to ensure efficient and effective coordination between different services and to meet the immediate and long-term demand from existing and new radiocommunication services. Although no two administrations are likely to manage the spectrum in exactly the same manner, the fundamental elements, described in Appendix 2 [extract from ITU‑R Spectrum Management Handbook, Edition 1995] are essential to all approaches.  Without them, the implementation of radio services will almost certainly be hindered.

6.1.1.4
Spectrum requirements for environmental management
Management of the environment for sustainable development has become a major world-wide issue as a result of the Rio meeting. More recently the World Meteorological Organization scientific International Panel on Climate Change (IPCC) has issued its second report, confirming the global warming trend and exposing projections for climate development well into the future. The projections are still lacking of detail, but is has been concluded that the impacts on the living conditions of major populations will be very important, if not unprecedented.

In addition to global effects such as general rise of sea level, “climate” is expressed locally as the daily “weather”. This is a very dynamic expression. The evolution of seasonal or daily weather patterns resulting from climate change is not yet understood in any detail on regional or local scales. As a consequence, reasonable long-term predictions of many critical parameters are not possible. One may mention just a few examples: duration of the rainy season, strength of the monsoon, frequency and severity of the tropical storms, length of the growing or heating season, depth and duration of ground frost or snow, areas affected by environmental emergencies such as flooding or drought. These factors evolve dynamically as the result of climate change, driven through mechanisms of cloud, sea current, wind and precipitation patterns.

Simultaneously, the spectacular development of information technology makes it easier to benefit from results of science and of the daily observations to manage activities affected by the environmental conditions and events. This is seen as an increase of value of these information products. Public services improve and new commercial markets are born. The new technology observation systems produce huge amounts of data. Increasingly, automatic collection, analysis and distribution of environmental data is a significant producer of content for telematic systems. Operational systems to collect and distribute this information are global in a very true and real sense. It has been one of the driving forces in technological development in many of the least developed countries of the world.

To be successful, this world-wide system requires resources. Telecommunications systems bandwidth is needed, but seldom poses major problems. In contrast, access to suitable bands of radio frequency spectrum has developed into an issue. Radio spectrum is needed for several purposes. Telemetry of observations from remote locations and utilization of the interactions of electromagnetic waves with parameters of environmental interest are already part of the daily routine. Increase of these needs and requirements can only be satisfied in good cooperation with other users of the spectrum.

Specific Telemetry Applications

Environmental monitoring has developed early into a global activity under the auspices of several United Nations specialized agencies (for example UNEP, WHO, IOC, UNESCO, WHO, IAEA). In fact, most of these agencies have an interest and have developed capability in the environmental matters. As many of the phenomena do not respect national frontiers, several truly global monitoring networks have evolved. Increasingly, these networks report in electronic and real time formats.

Many of the systems, such as hydrological or meteorological stations and ocean observation buoys, are located in remote areas and produce too low traffic volumes to interest commercial telecommunications operators. This has led to the establishment of specialized, satellite-based systems operated in conjunction with space-based remote sensors. This activity needs to be intensified with new types of measurement and an improved geographic coverage. Major international programs, such as the Global Ocean Observing System (GOOS) and the Global Climate Observing System (GCOS) are in preparation. These developments signify total investments approaching 10 billion USD.

Some of these systems involve also high operating costs. The daily weather forecasts are essentially based on data supplied by the international radio sonde network. Some 1,000 observing stations launch twice every day an expendable high precision instrument, carried by a balloon to altitudes of 30 km or more. These instruments transmit data on atmospheric pressure, temperature and humidity. Their movement is tracked by radar or navigational aids to provide wind profiles. These systems operate on designated radio frequencies in the 403 MHz and 1680 MHz regions. Technical cost/performance constraints on the radio sonde are extreme. They have to achieve exceptional accuracy unprotected, outdoors, from -90 to +60°C, yet weigh very little.

An increasing importance of the oceans is reflected in developments of aircraft droppable instruments to take in situ measurements, including use of high flying remotely piloted air vehicles (AUAV’s).

Telemetry and telecommunications technology are at the fundamental level shared with other services. Environmental applications, however, require in many cases specific performance mandated by necessary sensor locations.

Remote Sensing Applications

Remote sensing technologies are the rapid expansion area in environmental monitoring. These technologies produce vast amounts of data, often in easily visualized image formats.

Quantitative use of remote sensing data requires, however, effective support from in situ instruments for calibrations.

Remote sensing is always based on interactions of electromagnetic waves with atmosphere, ocean, soil or vegetation. These interactions are different in various parts of the spectrum. Consequently, several optimal frequencies for remote sensing need to be allocated. Space-borne radar systems for observations of vegetation and ocean properties are also in development, although the emphasis in those applications has traditionally been on optical wavelengths.

Remote sensing applications require extreme system sensitivity both in the radiometric and the active measurement modes. The basic physical interactions are weak, and often ambiguous due to interfering phenomena. From this point of view there is similarity with requirements for astronomy research. In fact, several techniques originally developed for astronomy have already been adapted for environmental measurements and data processing. In spectrum management, this imposes severe constraints. In most cases, remote sensing systems cannot share spectrum with other types of service but dedicated bands must be assigned to them. The needs tend to be global. Many of the systems are installed as low orbit satellites, some others as ground-based global networks.

Remote sensing systems present major advantages compared to in situ sensors. They provide good area coverage, rapid updating of data and access to otherwise inaccessible areas. They also favour centralized data processing. Unfortunately, all known systems also have severe limitations with respect to the parameters which can be measured, the accuracy, representativeness of measurement or capability to operate in adverse environmental conditions. Investment costs are often a limiting burden.

Recommendations

Effective management of natural resources and the environment, prevention of disasters and sustainable development necessitate maintenance and further evolution of adequate, cost-effective systems of measurement and monitoring. The special needs of this function must receive most careful attention in decisions of frequency spectrum management and telecommunications system planning.

The development of radiocommunication services is entirely dependant on the availability of the radio-frequency (RF) spectrum, a natural resource that is available equally in every country.  It is a resource that holds great potential and can be used to increase the efficiency and productivity of a nation's work force as well as to enhance the quality of life. However, it is a finite resource limited by technology and management capability. Great capacity can be found within the spectrum if it is properly organized, developed, and regulated, both at international and national level, to avoid interference and facilitate the introduction of new radiocommunication systems or users.

6.1.2
Coexistence between systems, frequency coordination between 
neighbouring countries

6.1.2.1
Coexistence and interference

As the radio spectrum is a finite resource and, in an increasing number of cases, there is insufficient to meet the demand, it is necessary for systems to share parts of the spectrum. However, spectrum sharing can result in interference. The Radio Regulations (No. S1.166) define interference as “the effect of unwanted energy upon reception in a radio communication system, manifested by any performance degradation, misrepresentation, or loss of information which could be extracted in the absence of such unwanted energy”. Coexistence between new and existing systems is achieved if the interference between them can be reduced to an acceptable level by providing sufficient isolation in the dimensions of frequency, time, spatial location or signal orthogonality. There is a variety of regulatory and technical tools available to assist the spectrum manager in this task. However, the increasing demand for spectrum and the complexity of new technology requires continual improvement of existing tools, and the development of new techniques to supplement them.

6.1.2.2
Frequency allocation

The Table of Frequency Allocations, given in Article S5 of the Radio Regulations, provides the first level of frequency separation by allocating different frequency bands to those Radiocommunication Services that are considered to have mutually incompatible technical characteristics and operational requirements. The Table also provides some spatial separation by allocating some frequency bands to different Services on a regional basis. 

Most countries have their own National Table of Frequency Allocations, based on the international Table. Within an allocation to a Service, there may be sub-allocations of spectrum for different national users. For example, a country may decide that a particular international allocation to the Mobile Service should be sub-allocated on a national basis to provide separate frequency bands for the mobile systems of public, private or defence users.

6.1.2.3
Frequency assignment

Within these allocations, frequencies may be assigned to stations. Again, the objective is to introduce new systems using, as appropriate, one or more of the techniques to provide isolation.

6.1.2.4
International frequency coordination

International coordination is required (and, in some cases, is mandatory) for frequency assignments that are to be used where there is a possibility of interference to (or from) the systems operated by other countries. Such uses include: space systems, broadcasting, systems operating below 30 MHz and most systems in border areas. The Radio Regulations contain internationally agreed general rules and procedures that advise administrations how to exchange information and how to take all necessary steps to ensure that harmful interference will not occur. The procedures may be broadly sub-divided into the acts of coordination, notification, examination by the ITU Radiocommunication Bureau and, finally, registration in the Master International Frequency Register (MIFR).  

The coordination procedures vary, according to the Service and frequency, from individual assignments to the development of regional (allotment) plans. Regional plans are required to ensure equitable access to spectrum or geostationary orbit locations, for a particular Service (e.g. broadcasting), where the countries in a region have different timescales for implementation of the Service. Each country declares its anticipated requirements, usually at a specially convened planning conference or meeting. The task of the planning conference is to incorporate each country’s declared requirements as “allotments” into the plan, within the limits of the spectrum available and technical characteristics of the Service. Once the plan is agreed, the allotments are protected according to the technical and regulatory procedures contained in the plan. Each country may then convert its allotments into assignments according to its own pace of development.

In addition, Article S6 of the Radio Regulations offers the scope for two or more administrations to establish “Special Agreements” on the use of the spectrum. These have the advantage that they may contain detailed technical procedures relevant to the administrations concerned, for example use of a common digital terrain database and special propagation models for mountainous border areas.

In accordance with Article S6, the ITU should be invited to participate in the development of such agreements and should be notified when they come into force. The international mandate of the ITU is to favour such meetings by providing technical or regulatory advice that can assist neighbouring countries to reach their own agreements on coordination issues.

6.1.3
Planning the introduction of new radiocommunication systems

6.1.3.1
Principles and definitions

Spectrum planning can be categorized in terms of time (short, long term, and strategic) and in terms of the areas covered (spectrum use, and spectrum management systems). The various categories of planning relevant to spectrum management are defined as follows:

· Short Term Planning: For issues needing resolution or systems to be implemented within about 5 years.

· Long Term Planning: For issues needing resolution or systems to be implemented within about 10 years.

· Strategic Planning: For the identification of a limited number of key issues which require concentrated spectrum management attention.

· Spectrum Use Planning: For spectrum use issues i.e., allocation, assignment, standards, etc.

· Spectrum Management System Planning: For spectrum management techniques, analysis methods, organisation, resources, computer implementation, etc.

· Service or Network Planning: For specific systems' characteristics and operations. Service or network planning is often left to the service or network operator.

6.1.3.2
Planning for the introduction of new systems or technologies

Many new systems will require access to the spectrum in the future, resulting from growth of existing networks, new applications for existing technology and new applications made feasible by new technology. Of course, changing needs may result in reduced demand from some users and new technology may improve spectrum efficiency, permit systems to transfer to higher frequency bands where there is more bandwidth and less demand, or offer economical non-radio alternatives. However, the reduction in spectrum demand is unlikely to balance the increase. Administrations will need to determine whether new systems can coexist with existing systems and if not, decide how to deal with the competing demands for the same parts of the spectrum .

When planning to change spectrum use two factors that will have a considerable influence on timing are: 

· any major new technology development or change of use that cannot be accommodated within the international Table of Frequency Allocations will require action to get the issue included on the Agenda of the next appropriate WRC;

· the likely considerable operational and financial impact on the existing users and the usually necessity to agree transition arrangements between the users concerned. 

Long term or strategic plans have a key role to play here by identifying: 

· important new technologies;

· technical or regulatory developments in other countries;

· potential impact (e.g. on existing users); 

· the technical or regulatory changes required; and 

· milestone objectives to enable their introduction.  

6.1.3.3
Planning tools for optimising networks

6.1.3.3.1 
Technical tools

As mentioned in 6.1.2, the increasing demands on the spectrum and the need for greater spectrum sharing result in more emphasis on the need for more sophisticated planning tools. In general terms, these will enable the isolation between systems to be calculated with greater precision and confidence, with the overall objective to ensure that frequencies are assigned making optimum use of the spectrum.

The increasing complexity of spectrum management demands the introduction of computer aided technology for data base management, frequency assignment, interference analysis and monitoring. ITU-R Study Group 1 has the responsibility for facilitating the collection and dissemination of information concerning computer programs identified by the Study Groups for the implementation of relevant Recommendations that use automated processes for their proper application. The Study Group is also responsible for implementing Recommendation No. 31 (WARC‑79) which specified that a Handbook on "Spectrum Management and Computer-Aided Techniques" should be prepared and revised periodically.
6.1.3.3.2 
Economic-based tools

In countries that face a heavy demand for access to the spectrum, Administrations are having to deal with competing demands for the same parts of the spectrum. In such cases and despite having effective spectrum management systems, Administrations are considering alternative solutions, based on economic approaches, because technical approaches alone do not provide a complete answer.

It is recognized that the use of the spectrum makes a substantial contribution to a country’s economy, through the provision of services and equipment, efficiency gains for radio users and job creation. Therefore, economic factors should be allowed to have an influence on decisions concerning how the spectrum is used, particularly for those frequency ranges and geographical areas where demand exceeds supply. Some countries are experimenting with various types of “market force” approach.

The addition of economic approaches to the spectrum manager’s toolkit will be a considerable change from the traditional technical analysis methods and caution in their application is advised. ITU-R Study Group 1 has published a report, “Economic Aspects of Spectrum Management” (1997) about ITU-R SM 2012, describing the methods, issues, implications and countries’ experiences with regards to ITU‑D Study Groups meeting in 1997.

6.2
NON-RADIO ASPECTS
6.2.1
Service demand and traffic forecasting
Services commercially introduced in the last decade or resulting from the latest technologies are called "new".  Some of them are offered over the existing network with an enhancement of the original use for which the network was intended.  Others, the newest, are carried over the ISDN and other new network platforms.

Non-voice telecommunication services offer point-to-point and point-to-multipoint communications involving real time and store and forward information transfer.  Some of these services also involve external providers.  Their quality and success depend on network infrastructure, data base management, consultation friendliness, screen page presentation, and so on.  Some services, like audio conferencing and video conferencing, combine a number of voice and non-voice features.

To prepare for the introduction of new services (see Chapter 2, section 2.8. and 2.9), in addition to their technical description, specific applications, basic network requirements, accesses, terminals and environment, the demand and the opportunity to offer them must be analysed in detail.  Traffic models ought to be built.  Other considerations deal with the choice of the most appropriate technical systems, the impact on network dimensioning, operation, maintenance and staff training, economic feasibility, tariffs, legal aspects, scope of future evolution.

Most of these tasks rely on data gathering, which is greatly facilitated if an information system is used.  In some cases, available data are not sufficient to derive the trends and evaluate all parameters required to perform new service forecasts.  In any case, the administration policy concerning traditional and new service offerings is essential to derive the implementation strategy. Advanced techniques enable dynamic handling of variable mixtures of services at different bandwidths, gradual new service deployment, variable bit rate traffic processing and insensitivity to inaccuracies in predictions of the mix in service demand.

Each country or operator should consider the pros and cons of particular service offerings.  The existing infrastructure, network capabilities to provide the services and the necessary modifications of the local network infrastructure must be carefully evaluated, from both technical and economic points of view.  The existing economy and tariff policy, the technical and operational environment and experiences in other countries may influence decisions on new service offerings.

Demand forecasting

Classical methods for telephone subscriber forecasts are based on measurements of socio-economic factors and telephone resources and taken into account socio-economic prognosis.  The general methodology may be applied to new service introduction, although the models can not be directly applied if there is a lack of experience and of historical or reliable data.

To study the relationship between socio-economic activities and needs for new services, a meaningful estimate of the demand should be made.  This is a difficult step when the market is limited or when information technology lacks sophistication and expertise in such a way that customers are not aware of the new service potential.

Parameters for new service demand models are the number and geographical distribution of user installations and the number of terminals per installation.

These parameters are derived performing, market segmentation and surveys.  Market segmentation is the first step to estimate the impact of the many variables involved in voice and non-voice service forecasts.  Answering questionnaires, the few customers involved in a survey express their intentions concerning a service for which they can only imagine, with difficulty, its usefulness.

It is neither feasible nor necessary to analyse use, behaviour or the impact of the different parameters related to a service over the whole population.  Such analyses can be performed on a sample of users where the various population segments are represented.

A telecommunication subscriber sample is a statistical information system on subscribers and telecommunication resources that allows the analysis of relationships between economic life and telecommunication development.  To assure that it is representative, it should be obtained by stratification of the different market segments and then take at random a certain number of elements in each segment.  In general, households are classified into socio-professional categories and establishments are classified per sector of activities and size in number of employees.

Experiences of countries where new services have significant penetration, or new technologies are being implemented, may guide the search for a pragmatic service demand evaluation, provided that the economic structures could be comparable.

The demand for each service must be evaluated.  Simple rules could be adopted to evaluate particular service demand and connections.  As an example, to derive ISDN connections at an early stage of service development, if no more precise information is available, it could be reasonable to assume that strong candidates for ISDN connections are a-priori Private Branch exchanges (PBXs).  Then, from their traffic observations, their renewal or extension projects and forecasts concerning new PBX installations, it is possible to roughly evaluate the number of ISDN connections as shown in Table 6.1.

	Traffic in Erlang
	Number of channels

(Trunk lines)
	ISDN access proving

	Less than 10
	Between 2 and 12
	BRA per 2 channels

	Between 10 and 16

For low growth

For high growth
	Between 13 and 20
	1 BRA per 2 channels

1 PRA

	More than 16
	More than 20
	1 PRA per 30 channels


Note: BRA = Basic Rate Access - PRA = Primary Rate Access (see more in Chapter 2)

Table 6.1    An ISDN access provisioning rule
Traffic forecasting

New service traffic forecasting is based on subscriber demand and traffic per subscriber parameter forecasting. Direct traffic measurements on new services are seldom available or could be misleading in the early stages of service introduction.

As the user has different services available to transmit information, and the same bearer service is offered for different teleservices, it turns out that it is more important to forecast communication needs than services selected to communicate.

A profile for traffic volume parameters should be provided, for example total minutes of network utilization per month in the case of videotext.  Subscriber experience influences both holding time per call (which decreases with increasing user expertise) and the number of calls (which increases with new applications of the service).  The telematic behaviour of old and new subscribers may modify the average traffic per subscriber.  Tariff structures also influence traffic per subscriber and may characterize a population.

For network sizing, new service traffic volumes must be estimated.  Parameters such as busy hour traffic demand, call attempt rates, bandwidth requirements, depend both on the nature of the new service and on the network solution used to provide the service.  Once significant parameters have been identified, the derivation of parameter values from overall traffic demand volume can be done on the basis of service characteristics, parallels with existing services and expected evolution over time.  Some services require segmentation into user application groups with separate traffic parameters for each group.

The ITU-T Recommendation E.508 (Forecasting new telecommunication services) classifies new services, gives the forecasting parameters and develop different forecasting methods to derive their demand and generated traffic. The E.730 Series of ITU-T Recommendations are intended to provide methods relating offered traffic and Grade of Service objectives in order to allocate sufficient resources for ISDN planning and design.

For planning purposes and network resource dimensioning, for the sites to be linked, traffic matrices should be built to express the traffic between sites, by volume and direction.  Matrix values can also express the number of PCM systems required to carry the traffic between sites.

6.2.2
Numbering

Numbers are needed for the provision of switched telecommunication services, both switched telephone services and packet‑switched data communications. Numbers must be controlled and allocated in such a way that competition is not affected. The providers of switched services must be able to obtain numbers from the government or its designate by means of a transparent and non‑discriminatory procedure.

Before defining non-discriminatory numbering schemes, criteria have to be established which define the term “non-discriminatory numbering”.  These attributes may be divided into the following four groups:

· Adequate capacity

Numbering schemes should have enough capacity to number present and future services and subscribers, capacity for geographic and non-geographic numbers including personal numbers, capacity for carrier access codes and short numbers and service access codes for commercial and non-commercial services.

· Equal access

Numbering in the liberalized market should be administered by an independent body, reciprocity and symmetry between network operators and between service providers should not be constrained on numbering grounds, numbering schemes should guarantee the same dialling procedure for all corresponding network operators and service providers, numbering should be transparent, schemes should allow all applicants a non-discriminatory access to numbering resources.

· User-friendliness

From the users’ point of view the number portability is an important issue, i.e., the opportunity for users to retain the same number when they switch to another operator.  Such a system would be beneficial to the user, and would promote competition.

· Harmonization

Numbering schemes should allow for migration from national service numbers to pan-regional and/or global service numbers and they should allow for harmonization of service access code, carrier selection prefixes and possibly PCS numbering at a regional level
.

Number allocation should occur on the basis of long‑term plans drawn up by the government. The plans will seek to ensure, as far as possible, that certain applications are recognizable in certain numbers (e.g., special call rates). Although no lack of numbers may be forecast to occur at a specific time, allocation must be done in an orderly and efficient manner.

One important issue that is arising is number portability, i.e., the opportunity for end‑users to retain the same number when they switch to another operator. Such a system would be beneficial to the user, and would promote competition.

(For more information see UNDP Handbook on Network Planning Volume 1 “Fundamental Technical Plans” Chapter II).

6.2.3 Planning tools for optimising networks

The objective of computer-aided network planning is to develop telecommunication network planning capabilities in all interested organizations, particularly in developing countries, in order to increase their self-reliance in this field.

Programme No. 5 of the Buenos Aires Action Plan (World Telecommunication Development Conference - WTDC-94) invites the Administrations to participate in the ITU Programme named PLANITU. Participation in these activities will promote the acceptance of globally standardized tools, including the further development of ITU software (PLANITU), for telecommunication network planning, reduce duplication of software development and maintenance, and facilitate cooperation between Members. Administrations participating in this programme will have network planning unit(s) established and work procedures organized, network planning software installed, and staff trained in traffic engineering and network planning activities.

6.3
COMMON ASPECTS FOR RADIO AND NON-RADIO NETWORKS

6.3.1
Present regulatory and policy experience
In view of the strategic and financial importance of a national telecommunication system, most countries operate a regulatory regime for their telecommunication networks. Traditionally, these networks have been operated as government controlled monopolies and the main purpose of the regulations has been to protect the network from physical or financial damage and tariffs have been set to recover government investment. The rapid development of new technology, in particular digital processing and mass mobile communications, enables new options to deliver existing services and the possibility to provide new services. In parallel, this has created a market demand from customers seeking a wider choice of service, quality, technology and price. Governments have therefore been faced with the need to create a new regulatory environment that stimulates private investment and encourages innovation in the main market sectors: 

· Content

· Service provision

· Network provision

· Customer equipment

Various direct and indirect options are available for governments. Some have introduced full or partial competition in all or specific market areas and found that where competition has been permitted, networks gave grown, prices have fallen and innovation stimulated. Others may decide that aggressive competition is not appropriate and prefer friendly partnership arrangements, for example Build Operate Transfer concessions. The different approaches and aspects are considered in more detail in the following sections. 

Regulatory implications for new services and technologies

It is generally agreed that policy makers and regulators have responsibilities for the pace of innovation. The extent to which licensing or regulatory provisions need to be changed is dependant upon the general policy of the government concerned, in particular whether a monopoly or competitive environment is chosen. A further consideration is the regulatory model the government chooses to adopt, of which there are three basic models

· Regulator as Patron

An activist approach in which the regulator identifies what it considers to be promising innovations or innovators, gives priority access to the necessary resources (funding, spectrum etc.) and removes institutional obstacles.

· Proactive Removal of Obstacles

An approach which does not seek to “pick winners”, but nevertheless actively seeks not only to ensure that regulation itself does not obstruct promising innovation but also to act pro-actively to provide a general environment (as regards, for example, radio spectrum allocations, technical standards or interconnection of different organizations’ networks).  

· Arms Length Approach 

An approach that seeks to minimize the role of the regulator in decision-making about regulation in which the regulator rarely takes the initiative on matters concerning service innovation, but will respond to initiatives from the PTOs or other interested parties (e.g. telecommunications users, resellers or providers of value-added services). This may occur if they need the regulator to take specific action (for example, allocating and/or assigning radio frequencies) before an innovation can proceed.

The three approaches described above can be applied to the following main regulatory aspects that need to be considered to promote the introduction of new services and technologies:

Licensing

Licensing becomes a more important issue in a liberalized environment and is normally applicable only to the service provision or network operator market sectors. The main decisions are: which services should be liberalized and whether there should be a limit to the number of licenses.  

As an alternative to the “first-come-first-served” approach, a system of selective licensing can be employed. If the regulator intends to license only one or a few operators (either for policy reasons or because of physical limitations such as radio spectrum availability), preference may be given to applicants who have proposed or are able to demonstrate innovations which have technical, economic or social advantages. However, selective licensing is rarely adopted, because of a number of disadvantages: one being that the regulator requires appropriate expertise to evaluate the proposals; the other is that there may be no real scope for innovation if the system to be licensed must conform to either national, regional or international standards.

Preferential licensing may also be used to assist new entrants to gain a market position in competition with a dominant PTO. For example cable TV companies may be licensed to provide additional telecommunications facilities whereas the PTO may be prohibited from providing entertainment for a limited period. 

The introduction of new mobile satellite systems will provide telecommunications bandwidth on demand on a global basis. Such systems therefore provide an ideal technical solution to telecommunications in rural areas where there may be no local 

alternative. Governments whose national operators have technical or economic difficulties in meeting universal service obligations may wish to consider suitable licensing arrangements to enable mobile satellite terminals to operate on its territory. For this matter, ITU has established a Memorandum of Understanding to facilitate arrangements for Global Mobile Personal Communications by Satellite, including Regional Systems (GMPCS-MoU).

Network interconnection
New entrants to the telecommunication market, whether providing network, services or equipment, will need to interface to the incumbent network. Regulatory policies controlling interconnection arrangements between new entrants and the incumbent operator(s) will have a major impact on the operational or economic feasibility of innovations. The basic requirements will be to set up service level agreements, for example to ensure that new entrants do not suffer undue delay in connection or repair or have to comply with excessive technical conditions. On the other hand, the established operator will need assurance that interconnected equipment or services do not damage the network or present a safety hazard to his operatives.   

6.3.2
Standard-setting and innovation

In this section we are concerned only with the impact of standardization in telecommunications on the pace of innovation, and what (if anything) the regulator could or should do about it. However, a brief statement of the fundamental view of the role of standards underlying our discussion of these issues may be helpful.

There is a widespread belief that the quality and value of any kind of goods or service can be improved by setting and enforcing common standards on all its producers. For instance, standardization and the consequential interchangeability of parts are the sine qua non of mass production. Nevertheless standardization is not a free lunch: it is always costly and always risky.

Standardization is always costly, no matter how it is done. A government may set a standard without previously consulting those whom it will affect and without incurring much cost in deliberating on what the standard should require. Despite that, the government will incur costs, perhaps substantial, in policing the standard; and those who are subject to the standard will incur costs in conforming their behaviour or products to the standard.

At the opposite extreme, where the standard is set and enforced by negotiation and cooperation of the parties subject to it, without any intervention by government, costs are still present. Negotiation takes time and effort, which are costly, and costlier as negotiation is prolonged. Besides, almost every party to a successful negotiation typically settles for an outcome more or less distant from his ideal or his initial bargaining position - and that distance often represents a real cost. Nor is it the case that standards arrived at by negotiation are necessarily self-policing. Just as many parties to a voluntary cartel have strong incentives to cheat, so the parties to a negotiated standard may need to incur costs to enforce it.

Standard-setting, besides, is risky. If some parties among a larger group of players voluntarily adhere to a standard, they run the risk that a majority will reject that standard in favour of some quite different one; and the former may then be forced to convert their operations at some expense. The risks attending the choice of a “wrong” standard, or of a “right” standard at the “wrong” time, turn into costs, sometimes lethal costs. And there are many different ways in which a standard may be “wrong”
.
Stability and Inter-Operability

For all the reasons just described, standard setting is one of the fundamental roles of a telecommunications regulator, though sometimes the regulator may “forbear” and leave a specific choice of standards to be determined by voluntary agreement among industry participants, or by marketplace competition. In the context of innovation in services, technologies and network architectures, the standardization role that the regulator plays is important and ambiguous, even paradoxical.

On the one hand, adoption of a standard may stimulate innovation by enabling entrepreneurs to have confidence in the technical environment they will operate in, thus reducing their perceived risks, and thereby encouraging them to take initiatives and invest. To take the example of an entrepreneur providing specialized telecommunications and data services for telemarketing, the entrepreneurial costs, and thus real and perceived risks, would be minimized if the interfaces to the PSTN are rigidly standardized. (In the United States, the relevant interfaces are specified under the Open Network Architecture - policy, and vary somewhat from state to state. Many smaller companies argue that this imposes significant unnecessary costs and other competitive disadvantages on them).

On the other hand, standardization that is premature, or excessively detailed or inflexible, may itself inhibit innovation. The US example of standardization of interfaces through ONA, whilst reducing the perceived risks associated with interconnection, and consequently appearing to promote competition, may discourage innovation that relies on functional, rather than technical, integration.

Another important consideration in setting standards is timeliness. It is already recognized that the time required for an international body like the ITU to formulate an international standard is such that they are unable to keep pace with the state of technological development. In order to combat this problem, at least in part, Regional Standards Organizations (RSOs) have been established. The formation of the RSOs indicates clearly that global solutions are not timely, and even these organizations are finding it hard to keep up with users’ demands and technological development in a “limited” part of the global networks.

Large manufacturers and telecommunications system providers are offering attractive new services, based on proprietary technology, that are gradually being accepted as the norm. Waiting for these services to be embraced on a global basis through the existing international standards process slows growth and reduces the efficiency of commerce.

The options for regulatory policy with respect to standardization are:
a)
No regulatory intervention: Not intervening at all, so that PTOs or other participants in the telecommunications service industry (e.g. providers of value-added services and manufacturers or software houses) in effect negotiate the standards.

Advantages

•
The principal advantage of this approach is that the regulator is not required to keep pace with the rate of technological change and thus does not impede it.

Disadvantages

•
Participants may fail to agree on standards through negotiation

•
Some participants may collude to agree on standards that discriminate against other participants

•
As marketplace competition increases, the prospect of standards emerging through majority usage is limited. The larger the number of participants in the market, the less likely they will be able to agree on standards.

b)
Intervention by exception: Intervening by exception when these industry parties are unable to agree standards.

Advantages

•
This option combines the advantage of the “no-intervention” approach in that entrepreneurs are not bound to pre-determined standards, but subsequent to regulatory intervention the parties may be required to conform to a particular standard, thus limiting the proliferation of multiple standards.

•
The facility whereby the regulator can intervene in the process of standard negotiation may also serve to ensure that the larger operators do not abuse their dominant position to the cost of smaller operators.

Disadvantages

•
The intervention process may be costly to the participants and to the regulator in terms of time and effort required to agree on an appropriate standard. The opportunity cost to the innovator in spending time negotiating standards may be significant, and if the process is not resolved in short order, the value of the innovation may be significantly eroded.

c)
Official standards for some services: Requiring the industry to implement standards for some services while allowing services or interfaces not complying with the standards to co-exist.

Advantages

•
These will simplify the process of negotiating standards and reduce the levels of effort required to agree on standards.

•
Selective standardization can be used by the regulator to ensure that access to the infrastructure is not an impediment to competition. The US adoption of ONA standards is an example.


Depending upon the market structure, partial standardization or multiple standards may best meet the economic objectives of producers. For example, it is too much to expect there will ever be a single LAN standard, or a single operating system standard. Similarly, where the motivation for producers to agree is to reduce asset specificity, as in the use of LAN controller chips, firms will try to differentiate themselves by using these standard components in different ways. Both firms and government actors need to have realistic expectations regarding the extent of standardization likely in any particular case.

Disadvantages

•
Creates divisions within the industry. Participants will not be treated equally as some will be required to conform to prescribed standards whilst others are not.

•
Gives participants the opportunity to abuse the standards process to advance their own economic interests, for example by exerting pressure on the regulator to adopt their particular standard industry-wide.

•
May encourage participants to develop services that are substitutes to ones governed by standards and thus require the regulator to redefine the scope of the standards.

d)
Mandatory standards: Selecting standards that are made mandatory for the industry.

Advantages

•
Conformity. This option eliminates ambiguity in standards and avoids difficulties associated with competing systems using incompatible technologies.

Disadvantages

•
Lack of knowledge on part of the regulator re progress of technological development

•
Impedes functional innovation

•
If the regulator chooses to adopt broad international standards there is a danger that these will not be appropriate to significant differences between countries and even between regions within countries.

The potential disadvantages of mandating innovators to conform to pre-determined standards have been demonstrated by the Japanese government’s imposition of standards for the development of high definition television (HDTV). The Japanese, who have been working to develop HDTV for two decades, have put forth an analogue system (to conform to Japanese standards) that may need to be replaced by a digital system being developed in the US (to conform to international standards). This situation highlights the risk taken in setting a policy before the public has had any experience with a technology, in that innovation may ultimately be retarded because the policy cannot take future technological developments into account.

6.4
ELABORATION OF DEVELOPMENT PLANS

6.4.1 
Relation with other ITU publications
The introduction of new technologies in the general network concerns network design, engineering and planning as well as equipment installation.

Several ITU-D publications address market segmentation, demand forecasting, traffic modelling and forecasting, the impact of network dimensioning and other aspects of the introduction of new services methods for network planning, optimisation and minimization of costs, and provide guidelines to study the introduction of new services, particularly in developing countries.  For example:

· GAS 3 : General Network Planning, published in 1983,

· GAS 10: Planning data and forecasting methods, published in 1987,

· GAS 11: Strategy for the introduction of a public data network in developing countries, published in 1987,

· GAS 12: Introduction of new non-voice services in developing countries, published in 1992.

· Competitive Transformation of Telecommunication Organizations – MANDEVTEL, 1997.

· Useful Reading for Director and Managers- General Principles of Telecommunication Management, (Volume I), 1993,

· Useful Reading for Director and Managers- General Principles of Telecommunication Management, (Volume II), 1996,

· Strategic Planning, 1993,

Therefore, the next sections only mention a few facts to be taken into consideration for the elaboration of development plans.

Related matters have also been addressed in ITU publications dedicated to particular aspects of the network, e.g. switching and transmission systems, rural telecommunication network planning.

6.4.2 
Turning points in telecommunication development

The development of digital transmission techniques in the early 1960's was a significant turning point, potentially leading to a reduction of costs.

In the 1970's, the Pulse Code Modulation (PCM) technology was introduced.  Primary rate systems were not economical for lines shorter than 20 to 25 km; further advances of electronics allowed the reduction of this distance to 6 to 8 km by the early 1980's, giving the possibility of some applications in the local network.

Another important turning point happened in the 1980's.  Optical fibres began to be introduced in telecommunication networks, firstly multi-mode and then single mode.  Optical cables were also used in the local network, mainly in field trials, sometimes for specific applications.  These experiments demonstrated the peculiar characteristics of optical fibre cables usage in this part of the network and the related problems.

Optical fibres offer an enormous bandwidth in small sized cables and, in association with digital transmission systems they can support a wide range of different services.  These two technologies enable a wide variety of customer services.  To the network operator they offer the possibility of new network configurations, which are less expensive, easier to operate and maintain. 

In addition to the cable systems, radio systems are also used, particularly in situations when there are some obstacles (like mountains, rivers, lakes) or difficulties in reaching customers (isolated settlements) or when mobile telephones are required.  The importance of radio systems is still growing in this field of application.

Modern means of wireless communications provide connections and give additional possibilities of mobile/fixed communication services.

6.4.3 
New technology and network planning
Network development is a continuous and evolutionary process, requiring extensive planning and implementation strategies to optimise existing. and future telecommunication resources and service provisioning.

Until recently, planning goals were mainly network optimisation and expansion, to satisfy the anticipated demands in established services, following a fixed time schedule.  At present, network design must consider capacity and quality criteria to satisfy service demands that are only partially known or, to some extent, expected.

The deployment of optical fibre, the introduction of SDH and relatively new transmission and switching techniques, cellular and point-to-multipoint radio, open up new alternatives for efficient network design and development.  The advantages offered by new technologies concerning network investments, operation and performance need to be thoroughly estimated.

Planning aims at determining network evolution over a defined period enabling the operator to satisfy the forecast demands as well as those spontaneously expressed, which may be diverse, with especial capacity and quality features.  One of its goals is to globally diminish the operator's economic risk, by defining network evolutionary steps along with the technological evolution and enabling to economically cater for current and new service offerings.  In some cases, this last point is essential to avoid customer migration towards other operators either because they offer these new services or more attractive tariffs.

However, the farther the target, the lesser the confidence that can be given to the data upon which the plans are built.  Therefore, it is essential to define an intermediate target, aligned with the final target, where the internal and external factors influencing the plans and the technological evolution are the best known and demand forecasts the more realistic, or at least when both aspects can be reliably evaluated.

The possibilities offered by new technologies lead to an increased quality of network engineering, enhanced operation facilities and higher performance, resulting in a relative decrease of global investments and operation costs, thus enabling the operator to lower service tariffs.  Additional revenues can be reasonably expected since a wider range of services, at lower cost and of improved quality, is offered to users.

Integrated planning is necessary to design and built a network with capacity, resilience, flexibility and survivability, as well as the possibility of satisfying customer needs as soon as they are identified.

Planners must have in mind all network evolutionary aspects in order to prepare as far as possible the necessary network infrastructure that will facilitate the evolution towards broadband and the new services.

The planning methodology is addressed in the ITU "General Network Planning" manual (Geneva, 1983).  Since switching planning issues and the advantages of new technologies have been already discussed in other chapters of this manual, this section aims only to underline some aspects of transmission network development plan elaboration, especially in, relation with the introduction of SDH.

New services demand and traffic forecasts are basic inputs for network development plans.  Resource dimensioning relies upon the accuracy of access demand and traffic forecasts, which are the parameters to derive traffic matrices between sites.  In spite of their importance, forecasting matters are only briefly addressed in this publication.

Network planning based only on minimization of costs in initial investment expenditures for established services has a very small potential for mid and long term benefits and runs the risk of excluding the possibilities of revenues for emerging new services and demands.  In addition, deregulation does not facilitate network planner's tasks because of the uncertainty of expected market shares.  Yet, excessive prudence restricts future possibilities and eventually restrains the operator's capability to react against competition.

The implementation of digital technology was undertaken between the 1970s and the 1990s in most countries.  In spite of the complexity of the technical and economic aspects of evolving telecommunication networks to full digitalisation, this process did not really modify the network architecture and basic transmission media.

The present evolution of transmission media, based on optical fibre and SDH deployment, induces deep changes in the network infrastructure, architecture and management.

6.5
DEFINITION OF SHORT, MEDIUM AND LONG TERM 
DEVELOPMENT SCENARIOS

With reference to the study period, solutions should be proposed corresponding to short term, medium term or long term planning. Plans must be periodically updated to incorporate new technology and service evolution.

Short and medium term plans should be consistent with long term plans and must contain the initiating process, decisions already taken on equipment to be installed, services to be provided and the first steps to prepare the network development towards the envisaged target.  This is usually called operational planning.

Two phases of network development may be distinguished:

· A medium term period - the first development phase - where the characteristics of network evolution should follow a more or less well defined policy in an assessed technical environment.  For example, rules concerning- the implementation of an optical infrastructure, removal or renewal of a defined kind of equipment, network organization for the next five years, should be known and taken in account accordingly.  During this phase, the intermediate target network should be reached.  In this first phase, confidence can be given to demand estimation, equipment costs and technology evolution.  Plans for short and medium term time frame would be meaningful.  Investment priority should be given to SDH implementation. 

· A long-term period - the second development phase - where the target network objectives should be achieved, if no further reasons intervene to modify it.  The representation of the target network and the elaboration of a strategy for evolution have to be consistent with the network evolution planned during the first phase such as evolution towards a Global Information Infrastructure – GII (see ITU-T Recommendations Y.100, Y.110 and Y.120)

For some time in the second phase, the network remains traditional: PDH equipment and infrastructure still rely on metallic cables and microwave links.  However, metallic cable links are to be replaced by optical fibres when necessary and every new link has to be built either by optical fibre or new SDH microwave systems.  Yet, if evolution towards an SDH equipped network should be envisaged, secondary rings subordinated to the implemented primary rings are to be considered.

6.6
ECONOMIC EVALUATION
To allow a comparison of the different solutions, an economic evaluation of each scenario should be carried out, considering global costs and revenues.  However, if financial aspects are important, they are not the only criteria to be examined.  Efficient network flexibility and management should be dominant factors.

To perform the cost evaluation, it is useful to distinguish between investment and running costs:

· For each scenario, all investment costs such as the generated by existing capability extension, equipment renewal policy and creation of new routes should be added over the whole study period.  In an existing network, each new link implementation has to replace an existing route, link or capacity.  Divested cable and/or equipment has to be inventoried and evaluated in both residual (re-use) value and operating costs.  This enables the planner to assess the economic impact of each new link creation.

· Running, costs consist of logistics, operation and maintenance expenses.  Whereas operation costs rely mainly on organization aspects and are, therefore, difficult to ascertain as such, maintenance costs are rather network and equipment related.  Consequently, for network evolution, maintenance costs are the most significant.  They concern copper cable, optical fibre and microwave links, office equipment, such as multiplexers, supervision, digital distribution frames, and so on.

Finally, a synthesis should be made based on the cost comparison of the various proposed scenarios, services, evolution possibilities and revenue assessment.

6.7
ONE APPROACH FOR DEVELOPMENT PLANS FOR LOCAL TRANSMISSION NETWORKS 
Once the traffic demand has been evaluated for every year of the study period, to elaborate long term development plans (for a local area, a region or a country) the first step consists in the establishment of a thorough inventory of the existing network.  These data may be already available in operational services.

A consistent renewal policy in both infrastructure (switching centres, transmission nodes, cables, microwave links,) and system domains must be set up, based on expected or assumed equipment life cycle, in phase with a national or operator specific procurement policy.

The next step establishes a target network frame, consistent with the switching, transmission and operating evolution through the planning period, and determines the main stages to reach it.

Another important step is the determination of an intermediate target network, consistent with the target network established in the previous step, and the trajectory to attain it.  For feasibility and reliability reasons, the intermediate target network should be placed at three or four years ahead.  Therefore, this first crucial planning phase engages both the planner - who proposes an intermediate target structuring the network - and the operator - who approves and finances it -. Once this is assumed, the planner has to determine the further network evolution until the final target - worked out and possibly readjusted - is achieved, i.e. within five to ten years or more.

Switching technology, organization and equipment deeply influence architectural transmission choices.  The availability of new generation switching equipment and the related renewal of older and out-dated switching systems modify the network configuration and, as a consequence, transmission system requirements.

Decisions concerning ring or bus configurations are based on the amount of traffic internal and external to the service area where the planned network is going to be developed.  The risk and consequences of isolation of each site in case of node or link failure should be systematically evaluated while determining the network configuration, to avoid as far as possible major service disruptions over the concerned sectors; for that purpose, a threshold of subscriber numbers not to be isolated should be fixed by the operator.

An efficient network configuration will be determined only after several iterative studies and attempts to elaborate long term plans fitting the strategic policy for the general network development.  In particular for large networks, these studies can not be realized without appropriate tools and computer programs which have to be developed or updated to perform network planning tasks.

6.7.1 
Objectives of development plans

Planning tasks must be aligned with the general telecommunication development policy and if defined with the specific policy concerning local networks. Therefore, the foreseen evolution and decisions concerning the trunk network have to be examined to determine the general objectives of local network development plans.

Network planning general objectives are the following:

- Demand satisfaction including new service offerings and the consequent traffic pattern. All types of access to the public switched network have to be taken into account in long term equipment plans, because they need specific connection equipment and have their own traffic features and evolution.  Among these, a distinction has to be made between analogue connections, accesses to telex, videotext, BRA and PRA ISDN, PBX digital connections.  On the other hand, leased lines, whatever the supported services will be, gateways with cellular radio system networks, data networks or any other type of existing or anticipated networks have to be considered. 

Once access requirements and traffic volumes are known, the demand can be expressed in transmission resource requirements.

- Quality enhancement in all parts of the network and especially on longer links, for instance through the deployment of optical fibre cables in the structuring part of the network.  If fibre is further planned for long distance and distribution networks, optical connectivity is to be sought and optical fibre implementation in the concerned local areas should be carried out consistently.

Availability and quality criteria for services to be provisioned may need specific equipment.  This has to be consistent with the renewal policy mentioned earlier.

- Network organization, operation and management following the above requirements, automation of OAM&P in switching and transmission facilities.

- Service protection.  The modern telecommunication world requires a high degree of survivability for advanced services and relies more and more on security even for POTS.  Therefore, measures have to be taken to protect the whole information flows from disruption and quality of service lowering.

6.7.2
Scope
Development network plans for local networks should cover subscriber infrastructure and equipment, transmission, switching facilities, buildings and power supply.

In urban or rural networks, whereas subscriber loop plans are elaborated for each elementary area (served by connection units or their equivalent), master plans covering switching, transmission, building and power plant are elaborated for each local area (served by one local exchange or by a set of local exchanges).

Detailed subscriber and traffic forecasts for each local area are required, including the basic telephone service, leased lines and special services.  Dimensioning of buildings, cable ducts, switching, transmission equipment and power plants should be performed.  Plans derived from this data describe the operations to be carried out over periods of 3, 5, 10 and 15 years.

Network operation, administration and maintenance are also to be considered as fundamental aspects of planning completion.  Therefore, development plans must cover the evolution scheme of required manpower and training as well as the Operation Administration and Maintenance (OAM) organization towards Telecommunication Management Network (more details see in ITU guidelines “Improvement of maintenance guidelines for a new approach using telecommunications management network (TMN)”)

A similar procedure may be applied to elaborate development plans for regional or national networks.  However, data can be given in a more aggregated manner and methods must be adjusted to each particular case.

6.7.3 
Internal and external factors
A number of factors influences network planning; they are external and internal to the operator.  

Factors external to the operator to be considered include:

· New service evolution in both a steady growth and high quality requirements;

· The assessment of single-mode optical fibre as the major transmission support medium;

· Emergence of the SDH concept and equipment;

· Perspectives of ATM introduction in a foreseeable future;

· Perspective of Local Information Infrastructure –LII (see Annex 6C)
· Switching evolution towards large multiservice switching machines;

· Regulatory aspects such as deregulation of telecommunication operators, allowing a new market share by several operators based on market;

· Radio frequency allowance compliant with international agreements concerning their utilization (e. g. the 2 GHz plan migrating from current microwave usage to mobile radio).

Factors internal to the Operator or the country include:

· General network development strategy of the operator;

· Decisions on network restructuring and organization;

· New infrastructure and equipment renewal policy.

Based on these factors, other considerations arise, for instance

· Fibre costs diminish, becoming competitive over copper cable, especially if repeater requirements are considered;

· Equipment costs will significantly vary with SDH overall deployment.  As an example, for a point-to-point application, PDH and SDH are already cost comparable at 140 Mbit/s and 155 Mbit/s, respectively.  In add-drop applications, this may occur already at 34 Mbit/s for PDH and 155 Mbit/s SDH;

· Management issues, service offering possibilities and operation oblige planners to reconsider the use of radio links in areas where optical fibre cables may be deployed even at a higher investment cost.

Moreover, overall operation and maintenance costs for the whole network will diminish since:

· The network infrastructure shrinks to a better structured topology, i.e. the ratio between the planned and the existing cumulative length of cable routes serving the local exchange area may be around 70 %; in developed local exchange areas shrunken ratios may achieve 30 %. Thus, less cable links are to be maintained and the structuring part of the network is new.

· The amount of equipment will be lower when SDH is implemented instead of PDH.

· Operation and maintenance processes will be progressively automated as SDH network elements are deployed over the network; provisioning will be largely software controlled when SDH management will be fully standardized, i.e. in the second half of the decade.

Evolution can even be accelerated or reinforced by Local exchange service area consolidation.  Eventually, this leads to transmission network topology optimisation and an adequate SDH implementation.

Major telecommunication operators will drastically reduce PDH equipment orders.  Consequently, PDH equipment costs are likely to increase, whereas SDH equipment costs show decreasing trends.

6.7.4 
Determination of priorities for implementation of new technology

The implementation of new technologies can not be done simultaneously in all parts of the network.  A chronological order for work has to be established, consistent with service offerings and demand.  The network may therefore be subdivided into a "Primary Network" and a "Secondary Network", by a selection of nodes classified beforehand.  The introduction of new technologies concerns first and foremost the primary network.
Node classification, which is essential for the proposed network partition, is to be based on criteria such as:

· Major network structuring functions (e.g. technical hubs);

· Importance of the considered node in terms of switching equipment features, service provisioning, traffic, ISDN accesses, leased lines, future or anticipated evolution;

· Location (e.g. in the vicinity of a "primary cable" link).

Only main nodes should be constituents of the primary network.  The secondary level of the network will contain the remaining sites once the primary sites have been assessed.  A significant number of nodes should be left to constitute these small secondary networks around the respective primary nodes (see Annex 6A).
6.7.5 
Equipment Provisioning 

Basic SDH equipment will consist of Terminal Multiplexers (TM) and Add Drop Multiplexers (ADM). When required, these network elements may include internal cross-connect functionality.

For this purpose, network functions have to be determined for each node in order to select the adequate network element.  These functions are:

· transfer of signals,

· insert and/or drop signals from an aggregate line signal,

· cross-connection,

· adaptation (to another hierarchy or digital level as required).

Broadcasting (transfer of an incoming, signal onto several outgoing ports) may be included in cross connect functions.

In each network node one or more of these functions have to be performed.  The installed SDH network elements must therefore contain these node specific functions.  Since network elements are basically versatile, they may evolve, e.g. from a single repeater (assuming only a transfer function in the node) to a real ADM and even further to a small local Digital Cross Connect (DXC).  This smooth in-service, network element functional upgradability is one of the major advantages of the implementation of SDH network elements in the transmission network, which thus becomes evolvable and flexible.

6.7.6 
Link and network upgrade
Two different upgrading aspects are to be considered:

· Synchronous network evolution (e.g. a bus evolving to a ring)

· Capacity upgrading to cope with growing demand.
Network evolution

The following options are available:

· New node insert in a bus or ring: The corresponding ADM installed is connected to both "East" and "West" fibre pairs.  This is possible without traffic disruption either by using the line protection facilities (bus or unidirectional ring properties). The former protection path becomes the new operating path.

· Bus extension: A TM is installed in a new line coding node and connected to the assigned fibre pair, whereas the former TM is configured as an ADM by adding. the respective line interfaces and control unit.  Thus, the existing TM has not to be moved to the new line end but evolves on site.  This is possible without traffic disruption.

· Bus to ring completion: Through stepwise bus evolution, as previously described, and once the last fibre link is installed, both the two TMs closing this segment are configured to ADM by adding the respective line interfaces and control unit. Thus the ring is completed and the management system takes into account the new network configuration.

Capacity upgrading

Capacity upgrading can be done by:

· STM- 1 ring, extension: When the fixed threshold (e.g. 63 primary rate signals) is achieved, a second ring has to be implemented.  In SDH this is possible by adding an extra ADM in the hubbing node, connected to a second fibre pair; the designated ADMs of the existing ring are then moved to this new fibre pair and a second ring is then established doubling the transmission capacity.  This evolution is possible in-service.

· STM-1 to STM-4 extension: There are network elements which are particularly suited for this upgrade and the operator has to select carefully this equipment, taking account of both in-service and in-rack upgrade properties.  At least two STM-1s should be made accessible in the ADM and these should be freely selected giving the network element the most flexible features, i.e. the universal use in any node of the network.

Remarks

Only SDH gives the network and the network elements the upgrade possibilities mentioned above and demonstrates the SDH flexibility and ability to respond to any network requirement and evolution.

Further, all these upgrades and evolution are performed through a two level process: a hardware level involving fibre and network element implementation and a software level involving the network management system to take account of new configurations at the network element and/or the network level.

6.7.7 

Conclusion

SDH
based facilities, offering significant advantages over current plesiochronous systems, will coexist with the present PDH equipment and progressively replace it.  In the future, these facilities will be able to carry broad-band services that require end-to-end control and high transmission quality assessment.

On the other hand, the future of copper cables, plesiochronous equipment and micro-wave technology is uncertain.  SDH equipment availability and suitability for small sites is another issue to be solved. Other questions arise such as the future of optical switching, duality of SDH/ATM on the access part of the network, optical fibre penetration rate in access networks, impact of mobile communications, new service demand and traffic etc.

Since the implementation of SDH equipment is a technological discontinuity, its planning must be elaborated with care.  As synchronous equipment becomes established within the network, the benefits it brings become apparent.  Network operation costs diminish as a result of equipment and hardware reduction, increased efficiency and reliability and more automatic and better organized maintenance.

If the cost component is important in investment choices, quality, flexibility and fast response of the network to the very highly evolving, demand should be decisive when considering development alternatives.  Satisfaction of planning general objectives and a qualitative evaluation related to service provisioning possibilities and staff training are also decisive arguments.

Co-ordinated actions should be undertaken between commercial and planning services for the choice of primary nodes, respecting the commercial strategy and medium term forecasts concerning advanced services.  This choice should drive the planner to configure the intermediate target.

To cope with all the recommendations and remarks here proposed, the two phased and two levelled network approach is likely to be the best suited.

In the first development phase, the most important is to structure the network.  To respond in a coherent manner to network and service requirements, bus structures should link the most important nodes, offering SDH accessibility (and what it implies in survivability and quality of service) to the major part of access lines (e. g. 75 % of the total number of telephone lines) and almost 100 % of existing or forecast business sites.  In the second development phase, bus will gradually evolve to rings at the pace allowed by financial constraints.

Because of its particular features, rings of synchronous multiplexers can structure the junction network.

The assessment of relevant OAM&P (OAM and Provisioning) features embedded in the deployed equipment should allow a fairly new and fully managed local network, at least in its primary network.
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List of Abbreviations

	ADM
	Add Drop Multiplexer

	DXC
	Digital Cross Connect

	GII
	Global Information Infrastructure

	GMPCS
	Global Mobile Personal Communications by Satellite

	HDTV
	High Definition Television

	LAN
	Local Area Network

	LII
	Local Information Infrastructure

	OAM&P
	Operation, Administration, Maintenance and Provisioning

	ONA
	Open Network Architecture

	PCM 
	Pulse Code Modulation

	PDH
	Plesiochronous Digital Hierarchy

	PSTN
	Public Switched Telephone Network

	PTO
	Public Telecommunication Operator

	RSO
	Regional Standardization Organization

	SDH
	Synchronous Digital Hierarchy

	STM
	Synchrony Transfer Mode

	WRC
	World Radio Conference


ANNEX 6A
ALCATEL’S APPROACH FOR NETWORK PLANNING
FOR DEVELOPING COUNTRIES

1. Introduction

Telecom networks in the developing countries are based on core switching networks with hierarchical structures and point-to-point transmission. However, these networks cannot meet the rapid growth in demand for traditional and new services which is characteristic of these countries. Consequently, there is a need to plan and deploy flexible evolvable network infrastructures that can adapt to meet this rapidly changing demand. 

The introduction of digital switches that can handle non-hierarchical traffic schemes, Synchronous Digital Hierarchy (SDH) transmission, and modern access techniques mean that existing network architectures will have to change, posing major challenges to the operators.
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Figure B1    Relationship between design tools and network layers

Figure B1 illustrates the sequence of tasks, and the related planning tools, involved in planning a national area. The planning process is iterative because the network structure changes during the planning period, affecting both the solution and costs (switching, transmission and access). For example, the transmission network solution produced by the ALCALA tool can modify the transmission cost and configuration assumed in the ESCORIAL network model. Second iterations of the switching network design (ESCORIAL) and transmission network design (ALCALA) refine the optimal global network design and evolution.

Furthermore, network traffic can change during the planning period as services evolve, quick actualisation of traffic with management systems (ALMA) and application of the telecom planning system (1,2( with the tool chain (PREMAT, ESCORIAL, ALCALA, SAND/SIRENET), allows the network operator to define and optimise network evolution.

2. Demand Forecasting

The PREMAT tool includes forecasting methods and algorithms to define network demand evolution based on the actual demand matrix; it can calculate the network demand matrix for any year in the planning period. Starting with network service data and traffic measurements, the traffic matrix between existing exchanges can be calculated; it is also possible to determine the total traffic originated and terminated in each exchange service area.

Prediction techniques based on incremental changes in activity in similar zones can forecast the demand increase per zone. Based on the demand distribution, the projected network can be configured, service areas reassigned and the total future traffic per area estimated. Once this information has been compiled, the planner can select from PREMAT’s six basic mathematical models (Double Factors, Unitary Traffic, Matritial, Interest Factors, Affinity Factors, Similarity Coefficients) and three combined methods to obtain the future traffic matrix distribution.

PREMAT considers all the traffic flows in a multiservice network (voice, circuit, packet, Intelligent Network, Internet, etc). Several service class matrices can be integrated in the final one. Integration can be done in the present matrices or the projected matrices.

Network evolution is supported by methods and facilities for splitting the global matrix into smaller matrices, corresponding to subnetworks, and for matrix integration with area reassignment.

3. Access Network Structure

In most developing countries, the national telecom network is a multi-level network. This will evolve to a modern two-level network consisting of an upper transit interurban and international nodal network level and a local level that includes urban/metropolitan or regional/rural networks. Countries are structured into nodal areas that cover regions, with nodal switches concentrating the long-distance (interurban and international) traffic. Local/metropolitan networks also have a two-level structure, consisting of transit exchanges that manage the urban or interurban traffic and local exchanges for subscriber access.

Subscriber access was traditionally based on copper cables to a local exchange or Remote Subscriber Unit (RSU). Rapidly growing networks can now justify solutions based on multiservice access network (see Figure B2) using technologies like Fibre In The Loop (FITL) and Digital Enhanced Cordless Telecommunications (DECT).
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Figure B2    Structure and one of the topologies of the access network

Regional/rural networks consist of primary switching units that are accessed via RSUs or Point-to-MultiPoint (PMP) and DECT radio systems.

Access network planning is used to select a suitable access solution, allocate the Network Elements (NEs), and dimension the NEs and transport subsystems according to demand. This includes services and their distribution, taking into account the demography and geography of the subscriber area. This planning process consists of four fundamental steps [3]. 

The first considers demand characterization for services, based on the requirements imposed by individuals or groups of subscribers. 

The second step leads to a description of the functional network, estimating and/or optimising the number, type and size of service areas, taking into account those areas inherited from the switching layer.

The third step focuses on optimising the dimensioning of the technology that is used for communication between subscribers and the network termination units. This connection could be provided by a range of technologies, such as copper, fibre or radio links. It should be emphasized that radio technology has acquired considerable importance in rapidly developing countries because of its low cost, rapid deployment and resource limitations.

Finally, a fourth step optimises the technology used to connect the network terminating units to the Public Switched Telephone Network (PSTN). This includes both the equipment installed in the node and the network topology (see Figure B2).

This approach was implemented in the SAND and SIRENET tools that Alcatel uses to plan its wireline, wireless and mixed access solutions [3, 4].

4. Switching Network Design

The next planning step is to optimise the trunk network for hierarchical or non-hierarchical structures, select the best configuration for the planning year, and define how the structure will evolve [5].

4.1.  Design Tools

The ESCORIAL tool set uses the traffic matrices calculated by PREMAT to define the optimal trunk network for the appropriate year, together with the transition phases. The tool models apply to the switching and transmission layers of the network.

Traditionally, two network models have been distinguished: functional and physical. The first deals with traffic routing, and the second with the routing facilities:

· Switching network model: Considers the logical network structure (alternative routing schemes and traffic models) for network dimensioning in accordance with the network grade of service objective and the combined switching and transmission costs in order to optimise network economics.

· Physical network model: Considers the costs of the transmission network (cable infrastructure and transmission systems), represents the geographical layout of the network. It selects the minimum cost paths for node-to-node interconnections.

Hierarchical networks

The ESCORIAL-H module (6( is used to optimally dimension multi-level hierarchical trunk networks with a maximum of 1152 exchanges. It implements methods and algorithms (7( for dimensioning one-way / two-way links and network optimisation based on marginal costs. Studies have shown the accuracy of the results. 

Non-hierarchical networks

The ESCORIAL-N module (6( is used to design, analyse, optimally dimension and cost circuit-switched two-level networks using non-hierarchical sequential traffic routing in the upper transit level. As an option, it can dimension the network with trunk reservation parameters, different routing schemes and different levels of physical or functional security.

Trunk reservation protects the first traffic offered to a link to prevent network instability and service degradation as a result of overloads.

The network structural security option implements switching security by duplicating transit exchanges and link interconnections in the upper level, and transmission security by providing two separate physical paths per route. Another option analyses the network for different (planner defined) trunk group dimensions, and calculates the grade of service for each origin–destination pair.

4.2.  Network Transition

Countries in which traffic demand is growing rapidly need a switching network which has the flexibility to allow rapid evolution, and adequate security to prevent network performance being adversely affected by service interruptions. The cost of achieving these objectives is of prime importance because of the limited financial resources of many developing economies.

The Alcatel tool set can evaluate various structures and alternatives, based on least-cost network evolution, ranging from multi-level hierarchical networks to two-level non-hierarchical networks. Evaluation is carried out in two phases. The first phase configures the upper network level, reducing the primary, secondary and tertiary network levels to a single (fully digital) level equivalent to the interurban transit level of non-hierarchical networks. The whole network is evaluated by splitting the country transit service areas and regrouping the network exchanges (homing to transit exchanges).

For the same time frame, exchanges in the network lower level that concentrate interurban traffic (urban and rural areas) are selected and exchanges are digitised. This significantly reduces (by about 25%) the number of exchanges to be considered in the two-level long distance network.

To optimise the alternatives, the upper level network model considered is a complete mesh network interconnecting the nodes of the upper level and using alternate non-hierarchical traffic routing schemes. The lower level is connected to the upper level by a star network, complemented by direct connections to other exchanges when economically justified (only high traffic routes will be selected).

The second phase considers the link interconnection between upper and lower level switches, including switch digital replacement in particular cases, rehoming switches to other transit regions and interconnection to the new transit switch. In selected cases, links with other regions will be established. These changes will be implemented in the medium term.

The result of this network evolution is a two-level network with non-hierarchical sequential traffic routing in the upper level (see Figure B3).
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Figure B3    Evolution of a multi-level hierarchical network to a two-level network

Modern multiservice networks impose stringent grade of service and availability requirements. Structural security network models (6( have been used in such cases (e.g. the PSTNs in Spain (8( and France); network evolution follows the same two phases.

5. Transmission Network Design

The introduction of SDH technology in the transport network is a major step, which follows the logical evolution of networks in rapidly growing communities. ALCALA is a tool for designing transmission infrastructures and SDH solutions.

5.1.  Design Tool

ALCALA uses the services circuit matrices produced by ESCORIAL and PREMAT to calculate the topological design of the physical network (infrastructure and transmission cables). In doing so, it optimises the assignment of SDH network equipment: Add/Drop Multiplexers (ADMs), Digital Cross Connects (DXCs), Optical Line Terminations (OLTs), regenerators, etc. The objective is to design, optimise and cost SDH transmission networks. This planning process is supported by a methodology, developed by Alcatel, which structures the overall process in steps: topological design of the physical network, network configuration, optimised circuit routing, equipment dimensioning, costing, and demand availability analysis [9].

ALCALA designs highly survivable networks using SubNetwork Connection Protection (SNCP) and Multiple Section Protection Ring (MS-SPRING) protected ring networks, as well as meshed networks with different protection and restoration mechanisms, such as path diversity, hot standby, and direct paths. The most suitable ring structures are generated semi-automatically by ALCALA [10], which simultaneously considers various transmission speed demands. Optimal dimensioning is done on the basis of a flexible multivendor equipment catalogue.

5.2.  Transmission Network Evolution

In line with evolution of the core switching network, the long distance transmission network will also have a two-level structure.
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Figure B4    Transmission network layering: core and regional networks

The upper level, which concentrates the traffic and requires bigger bandwidths, can justify mesh or ring network structures. The tool evaluates each network case and selects the optimal solution (see Figure B4). 

The best solution for interconnecting the upper and lower levels will be a star or multi-ring network, or a combination of the two. Evaluation and selection are supported by the tool.

The tool model applies to the physical (infrastructure, carriers) and transmission layers of the network in such a way that it equates transmission network design to the switching network configuration. As an example, Figure B5 illustrates an SDH solution for a relatively low bandwidth transmission backbone, which could be starting point for a developing country. In this case, the network could be implemented using ADM equipment.
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Figure B5   Two-level ADM-based solution

ALCALA supports two network design tasks, the first of which is configuration and topological design. Taking into account the switching configuration and existing outside plant constraints, it selects suitable mesh or multi-ring network structures.

The second task is SDH equipment dimensioning and interconnection to the switches, taking into account the required protection schemes. All the proposed solutions are optimised from the cost point of view.

6. Traffic Measurement and Management

Using the traffic measurement facilities (implemented in the switch nodes or network management system), the actual traffic matrix can be calculated. Alcatel ALMA traffic (11( uses the Traffic Data Analysis System (TDAS) to calculate the network traffic matrix.

The network traffic data collection system provides the following measurements:

· Traffic flows per exchange (originated, terminated, incoming, outgoing, transit).

· Traffic flows per trunk group (incoming and outgoing).

· Traffic interest factors. The traffic per destination for each exchange.

The traffic data processing and analysis system uses this traffic data to process the information for reference days of the year or to calculate statistical mean values along the year. The result is the actual network point-to-point traffic matrix and the interest factors matrix. In addition, the Traffic Analyst uses the forecasting tools provided by the statistical analysis system to forecast (for each traffic zone/exchange area) the number of subscribers and the total traffic (originated/terminated) for a given moment or year in the future. This data is used as the input to PREMAT

.
7. Network Examples

New technologies are now bringing telecommunications to many of the world’s developing countries. The first step is to determine the most appropriate solution for each country. Here Alcatel network planning can be a decisive asset, helping national operators to make the right choices regarding the evolution of their telecom networks.

The following real case studies, chosen from many [12], show how Alcatel is helping to bring telecommunications to people all over the world. 

7.1.  Access Network Planning in South Africa

In South Africa, basic telephone services are being brought to communities in rural areas and small townships by an Alcatel 9800/DECT overlay network.
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Figure B6    Alcatel 9800/DECT integrated solution showing a diagram of the Kranskop

        area

Alcatel is providing 288000 lines of radio access equipment to the South African operator Telkom. The rural area of Kranskop (see Figure 6) has been selected as a pilot planning application with the objective of the exercise to locate and dimension the Alcatel 9800/DECT equipment. An exchange (Radio Station Central or RSC) serves the whole area via a point-to-multipoint microwave network.

The Alcatel 9800 system consists of a base station controller, a central controller, 17 remote base stations, 34 DECT base stations and 500 DECT first generation wireless network terminals.

In this case, the network planner used the SIRENET tool to design the optimal solution. Features of the tool include: coverage plots for single or multi-site networks; local electromagnetic compatibility and spectral analysis; interference maps, frequency assignment and cellular planning; different propagation models; optimisation procedures for station location, dimensioning, etc; and a range of databases (cartographic, frequencies, equipment, sites, stations, regulations).

7.2.  Metropolitan Switching Network for La Paz

The metropolitan area of La Paz in Bolivia has a population of 1.36 million with a telephone penetration rate of 9%. COTEL, the telecom operator, is planning to fully digitise the network (40% of lines are analogue) and expand it to meet a 33% increase in demand over the next 3 years.

Network planning started with a macro demand forecast and traffic characterization to define the telecom service objectives for the year 2000.
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Figure B7   La Paz metropolitan network

Switching network design led to the definition of a two-level network configuration with ten switches (three new) and an access network consisting of RSUs, DLUs (see Figure B7) and a radio access overlay network.

Transmission network design resulted in an SDH 3-ring structure interconnecting the exchanges and a mix of existing Plesiochronous Digital Hierarchy (PDH) and new SDH links for the access network. 

Alcatel’s network planning tools and expertise supported the main results of the study, which provide the telecom operator with clear solutions to its need for network evolution.

7.3.  SDH Transmission Network Design in Bangladesh.

Bangladesh is one of the most populated countries in the world, with 126 million inhabitants at a density of 875 inhabitants per square km. Overall development is frequently limited by economic factors. Bangladesh has a Gross Domestic Product (GDP) of $265 US per capita, a relatively low inflation rate of 4%, and annual growth of 5.7%.

Currently the telecom network has about 450000 installed lines, more than third of which have been supplied by Alcatel in the past three years. The penetration rate is just 0.37%. The backbone transmission network is based on point-to-point PDH radio links which interconnect more than 100 transit and local switches.

The Bangladesh Telephone & Telegraph Board (BTTB) faces the difficult and complex task of defining the future network in the face of network evolution, the introduction of new telecom services (mobile, data transmission, Internet, etc) and new telecom actors (private fixed and mobile). Any solution must provide an effective telecommunication network that takes into account local geographic conditions (the country is crossed by numerous rivers and streams) and existing infrastructures (installed equipment, highways, bridges, etc).

One of the most important components of the network is the transmission backbone. BTTB took a strategic decision to move away from point-to-point PDH and implement a resilient nationwide structure based on SDH technology. Two main questions had to be answered: “What would be the best design for the target SDH network?” and “What would be the optimum evolutionary strategy, starting from the existing transmission network?”
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Figure B8    Planning the Bangladesh SDH transmission backbone network

Alcatel, as the major telecom supplier to Bangladesh, has undertaken a planning study to provide solutions to both these questions, taking into account a variety of economic, geographic and technological factors. This study included the following major stages: existing network analysis, including QoS; traffic data collection and reconstruction; demand forecasting; switching network evolution planning; and SDH backbone transmission network design. Planning and design of the SDH backbone were carried out using sophisticated network planning tools, in particular, ALCALA. Figure B8 shows one of the solutions generated by ALCALA for further analysis and implementation.

8. Conclusions

Telecom operators in developing countries are faced with the challenge of defining their future needs for network capacity and services. This problem is made more difficult by the fact that many of these networks are growing rapidly. Alcatel is helping many of these operators both to develop network solutions that will meet their immediate needs and to define optimal evolutionary strategies. 

Sophisticated planning tools are the key to achieving these objectives. The methodology and tool chain solves the problems of analysing network evolution in the switching, transmission, and access networks.

The integration of network planning and traffic management data systems make it possible to obtain practical network solutions very rapidly, ensuring that the planning process keeps abreast of frequent changes in traffic or network requirements.
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ANNEX 6B
AN EXAMPLE OF A STRATEGY FOR LOCAL INFORMATION INFRASTRUCURE PLANNING
A common characteristic of developing countries regarding the development of telecommunication infrastructure, and especially the introduction of new telecommunication services, is uncoordinated planning as a consequence of a lack of a strategy. There are several reasons for this: lack of financial resources, limited number of sufficiently qualified personnel, undefined regulations which primarily in regard to new services have no chance to match the international standards and, by historical inheritance, monopoly of incumbent PTO. 

As far as the concept of the Information Society is concerned, it is very difficult to define it, especially in developing countries. The visions outlined are transformed differently into strategy and policy frameworks, depending on the situation in the particular country. It is clear that in developing countries, at this moment, rapid integration into the Information Society (IS) can not be planned. However the definition of a strategy which, in some later implementation stage will make this integration easier, must be considered in time. Implementation of Local Information Infrastructure (LII) represents a very significant part of such national IS strategy. Its consideration includes a number of components which must be analysed:

· existing situation in the core network (core segment),

· existing situation in the access network (local segment),

· requests for new services,

· available technologies ,

· available human resources to apply new technologies,

· financial capabilities.

On the basis of such analyses an adequate strategy for building local telecommunications infrastructure capable of supporting IS applications in developing countries must be defined through the following main segments, mutually correlated in a manner illustrated in Figure C1:
1. recognition of end users’ requirements
2. government and regulator actions in creating an environment favourable for IS
3. identification of appropriate access technology
4. implementation of financial techniques necessary for new investments.
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Figure C1    Segments of LII Strategy

Such a strategy must be a part of an overall governmental policy regarding other aspects of  IS deployment, which should be institutionally managed.

Elements of LII Strategy

1
End User’s Requirements

It is well known that most telecom users in developing countries are voice services oriented and have not yet obtained the experience for using and handling other types of information. However the emerging deployment of computers by the existing telephone subscribers and the establishment of many small and medium-scale companies, using information systems for business support, pose new demands on all involved in service provision. These new types of  users expect:

-   easy access to information, entertainment, education possibilities and communication;

-   cheaper communication;

-   possibility of choice between different service and content providers and last but not 
     least,

· to have other choices than leased lines to access National Information Infrastructure (NII), or even Global Information Infrastructure (GII).

Thus, users are surrounded by decisions and solutions being drawn up by governments, regulators and operators, as well as service and content providers. Therefore the  strategy for starting of LII implementation must capture existing knowledge and experience of user behaviour and needs, as well as their motivations for LII. In this way information on potential customer bases, attractiveness of different services and economic aspects of user requirements will be provided. It will enable exact understanding of user positions and will be used for supporting and guiding other segments of the strategy.

2
Role of Government and Regulator

The governments of developing countries must view the process of IS implementation as an opportunity for modification of the counties economic structure. The government, in the first place, has to realize that the IS economy paradigm is driven by knowledge-intensive sectors which directly utilize information and communication technologies. Thus, it is necessary for the government to intensify activities on promoting such multimedia industries which can contribute to attracting investments and create employment. Also, encouraging market development is one of the main preconditions for that process which has to be government initiated.

To achieve these goals the government has to define its own national info-communication policy based on:

· Encouragement of private sector investments 

· Promotion of competition 

· Creation of a flexible regulatory environment with independent regulator

· Promotion of a strategy for Universal Service Obligations (USO).

The last item is of special interest for developing countries. Usually, universal access is understood as obligation imposed on the PTO to provide telephone access to every one who asks for it, for the same access fee everywhere in the country in the same time period. The role of the regulator is to assure this obligation. On the other side, regulator should be aware of new user’s requirements and considered changes in regulation towards new definition of Universal Service supporting advance services for users who are able to pay for it.

For this reason, a full understanding of:

· the needs of customers or communities for infocommunication

· the means of meeting these needs with new technical and service solutions

· the validation of the use to which the communications is put

· which infrastructure (the existing or new) will support the implementation of infocomunication services and

· which sequences and timing are required to provide new type of  universal access for advance services.

will help to formulate an appropriate approach for implementing Universal Service and Universal Service Obligation. Depending on the situation in the country, the approach to supporting new entrants at the local level may vary from strict Universal Service Obligation to no USO. 

Apart from that, a regulator has a number of other tasks in preparing an adequate environment for IS promotion and its implementation from local to national level. These include:

· creation of a flexible regulation framework in order to facilitate entry for new network operators,

· promotion of access to info-communication services by creating a suitable tariff policy, 

· preparation of standards to enable easier network and service modernization towards implementation of a new LII and national/GII, 

· implementation of contract principles between interconnected partners in case of multi-network strategy in local loop. 

3
Access technology identification

It is well known that IS applications although becoming easier to use require more bandwidth. Even in developed countries this represent a serious constraint, since their networks can hardly cope with increasing end user(s demand for local-access bandwidth. Of course, the problem they have could be used in developing countries to help the prevailing strategy that is based on (leapfrogging(. Thus eliminating entire stages of local network development in the setting up an adequate infrastructure avoiding unnecessary delays. 

Table 1 illustrates various access networks, presently available for high-speed (wide-bandwidth) digital (data) access. For a long time, analogue modems were the only available solution for obtaining access to backbone networks. Where developing countries are concerned, it is still the technology with the highest deployment. Fortunately modem speeds have increased, approaching 56 kb/s downstream and 33 kb/s upstream, with standardized 34 kb/s modems still dominant for dial-up remote access. 

However, in the past few years new access technologies have emerged, providing full-duplex high-speed access at speeds of several Mb/s and offering new opportunities especially for developing countries. These are xDSL networks, cable modem networks, various optical networks, wireless networks and satellite networks.  Table C1 also shows typical speeds obtained using specific types of access network.


	Access technology
	Provided services

	
	Voice
	Data
	Video

	Dial-up PSTN +modem
	1 channel
	9.6 kb/s to 33.6 kb/s
	Slow

	BR-ISDN
	1 channel
	64 kb/s or 128 kb/s
	Video conference

	Cable modems
	Possible
	2 Mb/s to 10 Mb/s (one-way)
	Broadcast

	xDSL
	HDSL
	30 channels
	2 Mb/s
	Video conference

	
	ADSL
	1 channel
	640 kb/s -upstream

6 Mb/s - downstream
	On demand

	Optical fibre
	up to 

100,000 channels and over
	up to 10 Gb/s
	multi-HDTV, interactive

	Wireless
	Variable
	up to 128 kb/s
	Depending upon type 

	Satellite
	Depending upon type 

(128 kb/s to 40 Mb/s)


Table C1    Characteristics of different access technologies

It is obvious that access technologies can be classified into two categories, wireline and wireless. Each of them can be separately analysed from the point of view of the specific requirements, resources and availability in developing countries. In order to be able to choose the access technology necessary to meet the particular implementation challenges following criteria have to be considered:
· already existing network structure (core and local);
· demands for is services;
· costs of implementation;
· capability of delivering broadband services;
· technological complexity of access network;
· performance of services offered by certain access technology;
· ease of planning ;
· ease of network growth through modularity;
· ease of access from the end user side.
A significant correlation exists between the choice of access technology and the other segments of LII strategy that makes the choice even more difficult. However using given criteria, comparison of all relevant wireline and wireless solutions will show that some of them have significant advantages where developing countries are concerned. For example WLL represents one of the most suitable new possibilities for delivering broadband IS applications to end users in a fast cost-effective way. Its advantages can be summarized as:
· lower initial investments,
· lower operational costs,
· broader range of architecture over single platform,
· faster deployment,
· better network flexibility.
Figure C2 illustrates an algorithm based on technical performance criteria that can be used in the process of identifying appropriate access technologies, taking into account that existing local networks are dominantly voice oriented. The proposed algorithm includes all possible scenarios and could be of significant help in finding an optimal choice and for managing the network modernization.
[image: image14.wmf]
Figure C2    Algorithm for identification of appropriate access technology

4
Financial techniques implementation

It is a fact that an unprecedented amount of capital investment will be necessary even for the first stage of IS deployment in developing countries. Although governments still have significant ownership of existing info-communications assets in developing countries, investments financed from that source are decreasing steadily. Therefore new techniques for obtaining the necessary capital must be identified. Basically, success of that process will depend firstly on business fundamentals and economic market conditions, and secondly on innovative financing techniques and structures. A number of techniques can be employed for project financing and they are mainly oriented towards private sector capital involvement. These are:
· joint ventures
· blt (build-lease-transfer method), particularly applicable for projects which involve additions to existing networks,
· bot (build-operate-transfer method), with the possibilities to turn the ownership of the project to another local owner,
· vendor and supplier financing, used for equipment financing,
· high yield debt, suitable for institutional investors in high risk markets. 
To create this shift from traditional public sector operators and government funds, the governments of developing countries have the responsibility for removing many present constraints that might limit the full benefit of these new financial arrangements. Therefore, to attract financing from the private sector the government has to ensure:
-    an open and stable market economy;
· a regulatory framework that reduces unpredictability for investors,
· true competition at the local level as well as on higher network levels,
· a competitive procedure for licensing ,
· an adequate tariff policy.
Thus, it is clear that this Segment of LII strategy strongly depends of government and regulatory actions taken in fostering is deployment. On the other hand, success in obtaining necessary capital will determine the possibilities for implementation of the access technology chosen on the basis of technical performance criteria.
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