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PREFACE

Report ITU-R 2012 – Economic aspects of spectrum management; has been revised by the Group of experts of Radiocommunication Study Group 1 on Spectrum Management. 

This revised version of the Report consists of five Chapters which describe the different economic approaches for spectrum management activities. The Chapters contain detailed explanations and references that can be consulted for additional information. New Chapter 5 provides information on administrations’ experience regarding the economic aspects of spectrum management.

The Report is intended for the use by administrations of both developing and developed countries in their development of strategies on economic approaches to national spectrum management and to the financing of this activity. In addition, the Report presents an analysis of the benefits of strategic development and the methods of technical support for national spectrum management. These approaches not only promote economic efficiency but can also promote technical and administrative efficiency. 


Robert W. Jones

Director Radiocommunication Bureau

FOREWORD

Radiocommunications have become an increasingly vital part of the telecommunications infrastructure and economy of a country. In order to have effective radiocommunications, a country must have an effective spectrum management system. A number of technical and regulatory procedures need to be implemented for the spectrum management system to be effective. These procedures are described in the ITU Handbook on “National spectrum management” and, although complex, can be implemented with adequate financial resources, technical expertise and time. The key or starting point for this implementation is to obtain adequate financial resources for the spectrum management system. These financial resources can be obtained from the administration or from fees obtained from the use of the radio spectrum. The collection of fees varies from the fee for the processing of a radio licence to the auctioning of a portion of the radio spectrum. 

The 1995 Radiocommunication Assembly recommended that Study Group 1 study on a urgent basis “Economic aspects of spectrum management” and accelerate the development of a report. This Report answers many of the questions that were asked by the Radiocommunication Assembly and describes economic approaches that promote economic, technical, and administration efficiency and can also help fund a national spectrum system.

The main purpose of the economics Report is to describe to developing countries methods of obtaining adequate financial resources to implement an effective national spectrum management system. The development of this Report was primarily for the ITU-D sector and was accomplished in cooperation with ITU-D members. The Report should be distributed to ITU-D members and comments sought on aspects of this subject that may need further clarification.

The completion of this Report on a urgent basis was primarily due to the extra effort of a Rapporteurs group chaired by David Barrett, United Kingdom, Rodney Small and Karl Nebbia, United States of America, and Ian Munro, Canada. Special appreciation should also go to Alexander Pavliouk, Russia, who organized the completion of the Report.


Robert J. Mayher


Chairman, Study Group 1
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Scope

The objective of this economic study is to respond to the following issues which are divided into three categories:

Category 1:
Strategies for economic approaches to national spectrum management and their financing

1
What are the underlying principles that have been taken into consideration by various administrations in their approaches to financing the maintenance and development of national spectrum management?

2
What economic approaches have been, or are intended to be used to promote efficient national spectrum management in different frequency bands?

3
What are the advantages and disadvantages of these various economic approaches to national spectrum management?

4
What are the factors (e.g. geographical, topographical, infrastructural, social, legal) that could affect these approaches and how would they vary with the use of radio in a country and the level of that country’s development?

Category 2:
Assessment, for spectrum planning and strategic development purposes, of the benefits arising from the use of the radio spectrum

1
What are the benefits that accrue to an administration from the use of radio within its country and how can they be quantified, allowing them to be represented in an economic form so as to enable a comparison of the benefits and costs of particular spectrum management options (e.g. in terms of employment or Gross Domestic Product)?

2
What models can be used to represent these benefits in an economic form and how can they be validated?

3
What factors could affect the benefits accruing to an administration from the use of the radio‑frequency spectrum, including by national safety services?

4
How would the factors in § 3 vary from country to country?

Category 3:
Alternative methods of national spectrum management

1
What are alternative spectrum management approaches including the use of non-profit making user groups and private sector spectrum management organizations?

2
How can these approaches be categorized?

3
Which of these alternative spectrum management approaches would be responsive to the needs of the developing countries as well as for the least developed ones?

4
What measures, of a technical, operational and regulatory nature, would it be necessary for an administration to consider implementing when adopting one or more of these spectrum management approaches in the context of:

–
the country’s infrastructure;

–
national spectrum management;

–
regional and international aspects (e.g. notification, coordination, monitoring)?

Further information is likely to be submitted that is relevant to this Report and that information will be included in future revisions as appropriate.

CHAPTER  1

INTRODUCTION  TO  ECONOMIC  CONSIDERATIONS


1.1
Need for spectrum economic approach
The increasing use of new technologies has produced tremendous opportunities for improving the communications infrastructure of a country and the country’s economy. Further, the ongoing technological developments have opened the door to a variety of new spectrum applications. These developments, though often making spectrum use more efficient, have spurred greater interest and demand for the limited spectrum resource. Thus, the efficient and effective management of the spectrum, while crucial to making the most of the opportunities that the spectrum resource represents, grows more complex. Improved data handling capabilities and engineering analysis methods are key to accommodating the number and variety of users seeking access to the spectrum resource. If the spectrum resource is to be used efficiently and effectively, the sharing of the available spectrum has to be coordinated among users in accordance with national regulations within national boundaries and in accordance with the Radio Regulations of the International Telecommunication Union (ITU) for international use. The ability of each nation to take full advantage of the spectrum resource depends heavily on spectrum managers facilitating the implementation of radio systems, and ensuring their compatible operation. Furthermore, the imbalance between the demand for radio frequencies and the availability of spectrum keeps growing, especially in urban areas. According to economic theory, when demand exceeds supply, a price system should be implemented. As the frequency spectrum is a scarce resource, decisions concerning spectrum management should also consider the economic point of view. Therefore, to improve national spectrum management all available means including economic methods are needed.

This Report has been developed to assist administrations in the development of strategies on economic approaches to national spectrum management and their financing. In addition, the Report presents a discussion of the benefits of spectrum planning and strategic development and the methods of technical support for national spectrum management. These approaches not only promote economic efficiency but can also promote technical and administrative efficiency.

Before the economic approaches can be discussed it is first necessary to consider what is an effective spectrum management system and what areas of spectrum management can be appropriately supported by other means.

1.2
Requirements for national spectrum management

Effective management of the spectrum resource depends on a number of fundamental elements. Although no two administrations are likely to manage the spectrum in exactly the same manner, and the relative importance of these fundamental elements may be dependent on an administration’s use of the spectrum, they are essential to all approaches. For further information on spectrum management functions see the ITU Handbook on National spectrum management.

1.3
Goals and objectives

In general, the goals and objectives of the spectrum management system are to facilitate the use of the radio spectrum within the ITU Radio Regulations and in the national interest. The spectrum management system must ensure that adequate spectrum is provided over both the short and long term for public service organizations to fulfil their missions for public correspondence, for private sector business communications, and for broadcasting information to the public. Many administrations also place high priorities on spectrum for research and amateur activities.

In order to accomplish these goals, the spectrum management system must provide an orderly method for allocating frequency bands, authorizing and recording frequency use, establishing regulations and standards to govern spectrum use, resolving spectrum conflicts, and representing national interests in international fora.

1.3.1
Radiocommunications law

The use and regulation of radiocommunications must be covered within each nation’s laws. In areas where radiocommunications use is not extensive, and where the need for management of the spectrum may not yet be crucial, national governments must still anticipate the increase of radio use and ensure that an adequate legal structure is in place.

1.3.2
National allocation tables

A national table of frequency allocations provides a foundation for an effective spectrum management process. It provides a general plan for spectrum use and the basic structure to ensure efficient use of the spectrum and the prevention of RF interference between services nationally and internationally. 

1.4
Structure and coordination

Spectrum management activities may be performed by a government body or by a combination of government bodies and private sector organizations. Which government bodies or organizations are given the authority to manage the spectrum, will however, depend upon the structure of the national government itself and will vary from country to country.

1.5
Decision-making process

The processes developed to allocate spectrum, assign frequencies to specific licensees, and monitor compliance with license terms are essential tools for implementing national goals and objectives. Administrative bodies responsible for developing rules and regulations governing the spectrum should develop an organized decision-making process to ensure an orderly and timely spectrum management process. The process should be set up to allow decisions that serve the public interest while reflecting national policies and plans relating to the spectrum, developments in technology, and economic realities. Often such processes will depend on the use of consultative bodies to make appropriate decisions.

1.6
Functional responsibilities

The spectrum management structure is naturally formed around the functions that it must perform. The basic functions are:

–
spectrum management policy and planning/allocation of spectrum;

–
frequency assignment and licensing;

–
standards, specifications, and equipment authorization;

–
spectrum control (enforcement and monitoring);

–
international cooperation;

–
liaison and consultation;

–
spectrum engineering support;

–
computer support;

–
administrative and legal support.

Administrative and legal support functions will necessarily be a part of the spectrum management organization, but they are common to all organizations and thus it is not necessary to discuss these in relation to spectrum management.

1.6.1
Spectrum management policy and planning/allocation of spectrum

The national spectrum management organization should develop and implement policies and plans relating to the use of the radio spectrum, taking into account advances in technology as well as social, economic and political realities. National radiocommunications policy is commonly associated with regulation development because the regulations generally follow the establishment of policies and plans. Accordingly, it is often a primary function of the policy and planning unit to conduct studies to determine existing and future radiocommunications needs of the country and to develop policies to ensure the best combination of radio and wireline communications systems employed in meeting the identified needs.

The primary result of the planning and policy-making effort is the allocation of frequency bands to the various radio services. The designation of frequency bands for specific uses serves as the first step to promoting spectrum use. From allocation decisions follow further considerations such as standards, sharing criteria, channelling plans and others.

1.6.2
Frequency assignment and licensing

Providing or assigning frequencies represents the heart of the daily operation of the spectrum management organization. The frequency assignment unit performs, or coordinates the performance of, whatever analysis is required to select the most appropriate frequencies for radiocommunications systems. It also coordinates all proposed assignments with regard to existing assignments.

1.6.3
Standards specification, and equipment authorization

Standards provide the basis for equipments to work together and limit the impact of radio use to that which is intended. In many cases, such as aircraft navigation and communications systems, equipment must be capable of operating in conjunction with equipment operated by other users and often other countries. Standards can be used to require design characteristics that will ensure that such operation is possible. The second aspect of standards is their use to ensure electromagnetic compatibility (EMC) of a system with its environment and generally involves limiting transmitted signals to a specified bandwidth or maintaining a specified level of stability in order to prevent interference to other systems. In some cases an administration may choose to set standards for receivers, requiring a certain level of immunity to undesired signals. The establishment of an adequate program of national standards forms a basis for preventing harmful interference and, in some cases, for ensuring desired communications system performance.

1.6.4
Spectrum control (enforcement inspections and monitoring)

Effective management of the spectrum depends on the spectrum manager’s ability to control use of the spectrum through enforcement of spectrum regulations. This control is built primarily on enforcement inspections and monitoring. See the ITU Handbook on spectrum monitoring.

1.6.4.1
Enforcement inspections

Spectrum managers must be granted the authority to enforce regulation of spectrum use and set appropriate penalties. For instance, spectrum managers may be granted the authority to identify a source of interference and to require that it be turned off or to confiscate the equipment under appropriate legal mechanisms. However, the limits of that authority must also be specified.

1.6.4.2
Monitoring

Monitoring is closely associated with inspection and compliance in that it enables the identification and measurement of interference sources, the verification of proper technical and operational characteristics of radiated signals, and detection and identification of illegal transmitters. Monitoring further supports the overall spectrum management effort by providing general measurement of channel usage and band usage, including channel availability statistics and the effectiveness of spectrum management procedures. It obtains statistical information of a technical and operational nature on spectrum occupancy. Monitoring is also useful for planning, in that it can assist spectrum managers in understanding the level of spectrum use as compared to the assignments that are recorded on paper or in data files. Some administrations have chosen to use monitoring in place of licence records. 

1.6.5
International cooperation

Radiocommunications have a significance that goes beyond the borders of each nation. Navigation equipment is standardized to allow movement throughout the world. Satellite system transmissions facilitate worldwide communications. Radio wave propagation is unhindered by political boundaries. Communications system manufactur​ers produce equipment for many markets, and the more the markets encourage commonality the simpler and less expensive the production process will be. For each of these reasons, the national spectrum manager’s ability to participate in international fora becomes significant. International activities include those within the ITU, those within other international bodies, and bilateral discussions between neighbouring countries concerned with ITU Radio Regulations.

1.6.6
Liaison and consultation

In order to be effective, the spectrum management organization must communicate with and consult its constituents, i.e. the radio users composed of businesses, the communications industry, government users and the general public. This includes dissemination of information on the policies, rules and practices of the administration and provides mechanisms for feedback to evaluate the results of these policies, rules and practices.

1.6.7
Spectrum engineering support

Since spectrum management involves decisions pertaining to a field of technology, engineering support is required to adequately evaluate the information, capabilities and choices involved. Engineering support can assist the spectrum manager in many ways. For example, interference situations can often be prevented or resolved through technical analysis. The equipment specifications and standards necessary to ensure compatibility between systems can be determined. Frequencies can be assigned using models or methods developed through engineering support. Also, the resolution of many spectrum allocation issues can be facilitated by analysis of spectrum use and future requirements.

1.6.8
Computer support

The extent to which computer support facilities are available to be used and are used by the spectrum management authority depends on the resources, priorities, and particular requirements of the country concerned. Computer support may cover licensing records to complex engineering calculations and may include the development, provision, and maintenance of support facilities for nearly all spectrum management activities, including record keeping, forecasting and financial management related to licensing.

1.7
Performance of spectrum management functions

The previously described spectrum management functions need to be established in order to have an effective spectrum management system. However not every aspect of each function needs to be performed by the national spectrum management organization. The policy or overall management authority must, however, remain with the national spectrum management organizations. The following Chapters discuss the means by which spectrum management may be funded and the means by which economic approaches may improve the efficiency of spectrum use, methods of assessing the benefits of spectrum use and the use of other organizations to support and/or provide part, or all, of specific spectrum management functions.

CHAPTER  2

STRATEGIES  FOR  ECONOMIC  APPROACHES  TO  NATIONAL
SPECTRUM MANAGEMENT  AND  THEIR  FINANCING

2.1
Background
There is increasing interest in economic approaches to national spectrum management. This Chapter of the Report addresses issues pertaining both to the impact of these approaches on financing a national spectrum management program and their impact on economic, technical, and administrative efficiency. While economic approaches are commonly regarded as a means to increase revenues, the objective of economic approaches must be consistent with an administration’s spectrum management goals and objectives. When implementing an economic approach, using and managing spectrum efficiently and effectively should be a top priority.

The ITU World Telecommunication Development Conference (Valetta, 1998), by Resolution COMA-3 Financial Support for National Spectrum Management Programmes (WTDC-98, Document 237) invited national and international finance organizations to pay more attention to giving substantial financial support, including through favourable credit arrangements, to national spectrum management. The Resolution invited such support, including support for radiomonitoring programmes, as a prerequisite for efficient spectrum utilization, the successful development of radio services, and the implementation of new and promising applications, including global ones, at both the national and the international levels.
The following material describes the economic approaches to financing national spectrum management. Furthermore, it describes the use of economic approaches to promote efficient national spectrum management. The approaches promoting efficient national spectrum management are subdivided into spectrum assignment methods, both market based and non-market based, and transferable property rights. Finally the economic aspects of various fee mechanisms are discussed.

2.2
Underlying approaches with respect to financing national spectrum management 

Each administration must find a way to ensure sufficient revenues to cover the costs of maintaining an effective spectrum management programme to meet the national spectrum management requirements presented in Chapter 1. Adequate funding of spectrum management can be critical to implementing new spectrum-using services (see Note 1) and permitting those services to operate on an acceptable interference-free basis. Further, an adequately-funded spectrum management programme creates opportunities for service providers and equipment manufacturers and contributes greatly to the growth of the economy. Inadequate funding of spectrum management, on the other hand, can result in a failure to implement valuable radio services, or delays in implementing such services. In fact, service providers may choose not to serve a country that has an ineffective spectrum management programme in order to seek more hospitable spectrum regulatory environments in other countries.

It should be recognized that regardless of which of the following approaches is followed, the use of spectrum and spectrum management have associated costs borne by the population. Even where an administration issues licences without fees, the general population indirectly bears the cost burden for spectrum management through taxation. In that case, the share of spectrum management costs paid through the taxes of individuals that seldom use spectrum services will represent a greater amount than the benefits these individuals receive from spectrum services, while those that use spectrum services receive benefits that are greater than their share of the spectrum management cost burden. The use of licence fees and auctions for the purpose of covering the costs of the spectrum management system does not represent a new tax, but a potentially more appropriate method of distributing the costs of spectrum management to those who actually receive benefits.

NOTE 1 – In this Report the use of the word “service” with a non-capitalized “s” means an end-user service (e.g. cellular radio) and not a Radiocommunication Service.
2.2.1
Approaches

2.2.1.1
Traditional national budget financing

Until recently, virtually all countries have funded their spectrum management programmes through a centralized national budget process. This approach simply involves allocating a portion of the administration’s annual budget to spectrum management. Generally the amount provided depends on the priorities of the national government. In many cases, the national spectrum manager provides estimates of its funding needs. The national government response, however, is limited by its total tax resources.

2.2.1.2
Spectrum use fees

This approach involves charging some or all licensees for their use of the spectrum. Some countries are now funding their spectrum management programmes in whole or in part through fees. In some cases this includes financing a phased implementation of a national spectrum management programme. These fees are based either directly on spectrum use or indirectly through general administrative or regulatory charges. Fees can be established on a variety of bases and formulas for fee calculation can range from the simple to the complex.

2.2.1.3
Auctions

Another way of funding spectrum management is by using a percentage of the money raised through auctions. While no country has directly funded spectrum management through auction revenues, such revenues in the United States of America have vastly exceeded spectrum management costs in recent years.

2.2.2
Advantages and disadvantages of these approaches

The national budget financing approach has been used successfully in some  countries for a number of years. However, it depends heavily on the administration’s recognition of the importance of radiocommunications and spectrum management. National governing bodies dealing with a host of national issues are often unfamiliar with spectrum issues or the impact of radio on the national economy. Furthermore, the national budget financing approach does not impose any immediate costs on those who directly benefit from spectrum use, but rather imposes an indirect tax on all citizens. Funding for spectrum management under this approach has often been difficult in developed countries, but may be a particular problem in developing countries, where budgetary resources are limited and where the importance of spectrum-using services to the economy may not be as evident as in developed countries.

The fee approach has also been used successfully in a number of countries, and it has the advantages of pre-determining revenues to be used for spectrum management and imposing costs on at least some entities that benefit from spectrum use. However, because fee levels can be based on a variety of considerations, such as policy direction or payment of administrative costs, determination of the levels for each type of radio use may represent a complex undertaking. Further, the use of fees to cover the cost of administrative processing may prove insufficient by itself to cover the costs of an adequate spectrum management programme. However, fee approaches that cover additional spectrum regulatory costs can be developed to fully fund spectrum management. It should be noted that in addition to fees charged to spectrum users, application fees could be charged for the right to participate in comparative processes, lotteries, or auctions.

Advantages of the auction approach are that it holds potential for an accurate reflection of the value of the spectrum and it imposes costs on those who directly benefit from spectrum use. However, the use of auctions may be viewed as a significant departure from normal practice. Furthermore, a disadvantage of this approach is that revenues are uncertain, (see Note 1) and may exceed or fall short of what is needed to adequately fund spectrum management. If revenues exceed what is necessary, a portion of the revenues could be returned to the treasury, which would need to determine how this revenue will be distributed; whereas if revenues fall short, supplementary national budget or licence fee funding would have to be used to maintain all necessary spectrum management functions. Spectrum managers could attempt to ensure that revenues would be sufficient by establishing minimum bid amounts; however, if these amounts were set too high, no bids would be received. Auctions may not be suitable under certain circumstances and may need to be supplemented by other means. Auctions would not be suitable, for example, if there are no competing applicants, if a spectrum right cannot be properly defined, or if the anticipated costs of the auction exceed the anticipated revenues.

NOTE 1 – In the United States of America, auctions held during 1994-1996 exceeded estimates, whereas recent auctions have generally fallen short of estimates.

2.3
Economic approaches used to promote efficient national spectrum management
Economic (market-based) approaches can be used to improve national spectrum management in a variety of ways. As the term implies, these approaches promote economic efficiency; they also promote technical and administrative efficiency. 
For any resource, including the spectrum, the primary economic objective is to maximize the net benefits to society that can be generated from that resource; this is what economists refer to as an economically efficient distribution of the resource. Resources are said to be efficiently distributed, and the overall benefits to society maximized, when it is 

impossible to redistribute so as to make at least one individual better off without making another worse off. Such a distribution of resources is referred to as the “Pareto Optimality Criterion”, in honour of its developer, Italian economist Vilfredo Pareto (1848-1923). Strict adherence to this criterion in decision-making, however, greatly restricts the options available to spectrum managers because there will always be at least one person made worse off by any decision, hence, the less restrictive “Potential Pareto Optimality Criterion” is far more feasible. This criterion states that a redistribution of resources leads to an increase in overall social welfare and therefore should take place if those that are made better off by that redistribution could, in principle, fully compensate those that are made worse off and still receive greater benefits than was the case prior to the redistribution. 

A second economic objective relevant to spectrum management is resource rent capture. Economists categorize the value of a resource, be it spectrum, oil, or timber, as a “rent”. Rights or privileges to extract oil from the ground have value to companies who can sell that oil to consumers or use it to fuel their vehicles, so too does a right or privilege to use radio spectrum have value to a spectrum user who can sell wireless services (a paging company, for example) or use wireless technologies in the provision of other goods or services (a taxi company, for example). The rent accruing to a resource, including a spectrum licence, can be quantified by the price that the resource would bring in an open market. If a spectrum licensee receives for free a licence that has economic value, the licensee has captured the rent accruing to that licence.

The value of spectrum is reflected in two inherent rents: scarcity rent and differential rent. Scarcity rent exists because demand for spectrum, at least in certain bands and at certain times, exceeds supply at zero price. Differential rent exists because each frequency band possesses specific propagation characteristics that make it suitable for specific services. Having access to the most suitable frequency band could minimize the cost of implementation and optimize the performance of a radio system. Bands that are suitable for many different services using inexpensive equipment are more valuable than bands that are suitable for only one type of service using costly equipment. However, even for the former bands, their non-exclusive use in a particular geographic area may dramatically reduce their value. While some shared use of spectrum may be efficient, where transmitters operate at the same time in the same area and on the same frequency, they may cause mutual harmful interference, thus reducing the band’s value in that area at that time.

In theory, both the goals of Pareto Optimality and resource rent capture can be promoted by creating a free market in spectrum. In such a market, all spectrum assignments would consist of well-defined, legal rights of possession that could be transferred, aggregated and sub‑divided, and used for any purpose the owner saw fit, so long as this use did not interfere with the possession rights of other spectrum users. However, preventing interference among technically different services (for example, broadcast, mobile, fixed, and satellite) in a spectrum market would require extremely complex engineering analysis, and could lead to litigation among spectrum users. Further, most spectrum managers believe that there are other reasons for imposing some limitations on a spectrum market. These include the following:

–
Critical government, scientific research, and other socially desirable requirements may not be adequately satisfied.

–
Limits on spectrum aggregation by individual users may be desirable to preclude anti‑competitive market dominance by rich users.

–
By allocating certain bands to certain uses, whether on a unilateral, national basis or a multilateral, international basis, economies of scale in equipment production may be facilitated.

–
Internationally allocated bands for globally mobile spectrum users such as mobile users aboard ships and aircraft help to ensure that multiple transmitters and receivers for the same communications function are not needed on board.

Accordingly, national spectrum managers worldwide have usually chosen to forego an unfettered spectrum market and have allocated frequency bands to particular uses, with varying technical restrictions. However, in the absence of a property rights system, spectrum managers may wish to consider spectrum valuations of competing groups of users ‑broadcasters versus mobile telecommunications service providers, for example. Without a spectrum market, such valuations can be done only imperfectly, but using market proxies such as estimation of service revenues and impact of the service on gross domestic product and employment can be helpful in generating data for use in making allocation and other spectrum management decisions.

2.3.1
Spectrum assignment methods

After spectrum is allocated to a particular use, it must be assigned to individual users. If demand for a particular frequency band in a particular geographic area is limited, there will be no necessity to resolve mutually exclusive (competing) requests for that band. Accordingly, licences may simply be assigned to applicants upon request, provided that applicants adhere to certain technical standards and regulations. However, if mutually exclusive spectrum requests exist, an assignment method must be used to choose from among competing applicants. Three methods of doing this are comparative processes (such as comparative hearings), lotteries, and auctions. 

2.3.1.1
Non-market-based assignment approaches: comparative processes and lotteries 

In a comparative process, the qualifications of each of the competing spectrum applicants are formally compared based on established and published national criteria. (Typically, these criteria might include population to be served, quality of service, and speed of service implementation.) The spectrum management authority determines who is the best qualified applicant to use the spectrum and awards the licence. However, comparative processes can be very time-consuming and resource-intensive, may not assign spectrum to those who value it most highly, and may not generate any revenues unless licence fees and/or application fees are charged. Additionally, comparative processes are often decided on the basis of minor differences among applicants, and may cause the decision to be contested by unsuccessful applicants.

In a lottery, licensees are selected at random from among all competing spectrum applicants. Lotteries can decrease some aspects of the administrative burden entailed in comparative hearings, such as legal expenses, but may create a different kind of administrative burden by encouraging more applications to be filed. Additionally, lotteries do not assign spectrum to those who value it most highly, except by chance, lead to significant transaction costs, and again generate no revenues, unless fees are attached to the licence assigned by lottery or an entry fee to participate in the lottery is charged. Rather, lottery winners in many cases transfer their spectrum rights to other parties, thus capturing the resource rents for themselves. Thus lotteries, without significant application fees or other measures that guarantee the applicants’ intent to provide radio services, tend to encourage speculation.

While comparative processes and lotteries are not market-based assignment methods, market forces can be brought to bear after the spectrum has been assigned through the establishment of a secondary market (see § 2.3.2).

2.3.1.2
Market-based assignment approach: auctions

In an auction, licences are awarded by bidding among competing spectrum applicants. Auctions award licences to those who value them most highly while simultaneously generating revenues for the spectrum authority. However, as is the case with an unrestricted spectrum market, auctions may raise competitive concerns if not combined with an active competition policy and limits on how much spectrum an entity may purchase. Market forces do not ensure economic efficiency or maximize consumer welfare in markets that are not competitive because a dominant service provider or group of providers have market power. Additionally, auctions may fail to adequately provide certain socially desirable services or distribute licences to certain groups, such as small businesses (if that is an objective). However, “bidding credits” (discounts) and installment payments to selected entities may alleviate these problems. In fact, entities that would have little chance to win in a comparative process or a lottery may be successful in an auction if bidding credits are significant and if installment payments permit licence costs to be paid over a number of years.

Auctions and lotteries may significantly decrease the administrative costs and time associated with the spectrum assignment process and therefore improve overall administrative efficiency in contrast to comparative processes.

2.3.2
Transferable and flexible spectrum rights

While auctions are the assignment mechanism best suited to providing an initial economically efficient distribution of the spectrum resource, they will not ensure that spectrum continues to be used in an economically efficient manner in the future. As with other resources, economists recommend that spectrum users be allowed to transfer their spectrum rights (whether assigned by auction or some other assignment mechanism) and that spectrum users have a high degree of flexibility in the choice of the consumer services that they provide with their spectrum.

The least restrictive form of transferable property rights permits unlimited technical flexibility without regard to an allocation structure, provided that harmful interference is not caused outside the assigned band. This system, if applied to all frequency bands, would result in an unfettered spectrum market. However, as discussed in § 2.3, a totally free market spectrum approach has not been implemented by any country.

The most restrictive form of property rights permits transferability only within the confines of a given allocation and only within strictly defined technical parameters. This system has the advantages of ensuring that the entity within the allocated service who values a particular frequency assignment the most will be able to use that assignment, while minimizing the possibility of interference. However, by restricting technical flexibility to ensure interference control, economic efficiency may also be significantly reduced. Further, if property rights are simply vested in incumbent licensees, any resource rent accruing to a particular frequency assignment is captured by the incumbent, rather than the spectrum management authority, unless the rents have been captured initially via an auction or through licence fees. 

The middle course with respect to property rights, and the approach used in some bands by New Zealand, the United States of America, and Australia, is to specify emission rights within a given allocation, which may be broadly defined, for example, broadcasting or mobile radio. This approach can lead to an increase in economic efficiency both because licensees are allowed to adjust their use of inputs in accordance with cost and demand considerations; e.g. a mobile radio provider may be able to satisfy increased demand by using a different modulation technique, and because licensees may freely transfer their frequency rights in whole or in part to entities that value those rights more highly. Hence a tradable spectrum rights system provides licensees with the full incentive to use their spectrum in a technically efficient manner. However, a disadvantage of this approach is that it may increase the potential for harmful interference among licensees because technical inputs are not specified. Specifying licensees’ emission rights rather than specifying what inputs licensees must use places a heavier interference control burden on licensees. However, licensees can be allowed to negotiate their emission rights; e.g., one licensee may agree to accept additional interference in exchange for monetary compensation. Dependent upon how often disputes requiring resolution by the spectrum management authority or the courts arise, permitting such negotiations may prove advantageous or disadvantageous.

2.3.3
Advantages and disadvantages of auctions and transferable spectrum rights

Auctions have the advantages of awarding licences to those who value them most highly, while simultaneously generating revenues. When auctions are used to assign licences within a given allocation structure, licences are awarded to those who value them the most only within the confines of the allocation structure. For example, if a particular block of spectrum in a particular area is valued most highly by broadcasters but is allocated to mobile radio, revenues and the economic benefits generated from that spectrum will be less than if broadcasters were allowed to participate in the auction. Broadening the range of uses permitted under an auctioned licence also allows spectrum to be used for those services most in demand. However, broadly defining services has the potential disadvantage of increasing the cost of interference coordination between licensees in adjacent spectrum and areas. These arguments regarding allocation structure apply equally to a system of transferable spectrum rights after the initial spectrum assignment.

Other expected benefits associated with auctions may be fairness, transparency, objectiveness, and the speed with which licenses can be awarded. Auctions can reduce the opportunities for favoritism and corruption in the competition for spectrum, promote investment, and promote technological advancement.

However, in order to promote competition, it may be necessary to impose additional safeguards, for auctioned services. For example, in some situations some or all of the potential bidders may be dominant service providers who are endeavouring to strengthen their monopoly or oligopoly (limited number of competitors) positions. Restrictions on eligibility to participate in an auction or limits on the amount of spectrum that any entity may win can alleviate this problem, although this may limit the number of participants.

Finally, auctions may be inefficient or impractical for certain services or situations. One case is where there is no competition for spectrum. This could occur, for example, with fixed microwave systems where there are many individual links with narrow beamwidths and very exact locations. A second case is where, providers of socially desirable spectrum-using services such as national defence or scientific research may have difficulties in placing a financial value on spectrum which could lead to those services being under-provided to society if all providers of spectrum-using services faced auctions. While ideally these services could be funded to allow participation in spectrum auctions, the prospect of this happening in any country in the near future appears to be remote. Finally, if auctions to license global or regional satellite systems were held in multiple countries, it is likely that potential service providers would have to 

expend significant resources simply to participate in each auction, and such a cumbersome process could lead to delays in implementing new and innovative services. In addition, sequential auctions would create significant uncertainty for potential service providers because such providers would be unsure that they would win auctions in all countries in which they wish to provide service. If this uncertainty were sufficiently severe, it could impede the provision and the development of international satellite systems under current ITU Radio Regulations.

2.3.4
Licence fees
Licence fees represent another way which can be used to achieve some of the spectrum manager’s goals and objectives.
Revenues may be generated and at least some of the resource rent that may exist for use of a particular frequency band in a particular area may be captured by establishing licence fees. (In some administrations fees may cover concessions, authorizations or permissions.) Further, a simple fee structure, such as charging for the direct cost of processing licence applications or charging for the amount of spectrum used, may receive public support because it appears equitable. In addition to auctions, licence fees can also encourage radiocommunications users to make an economically rational choice regarding spectrum use.

Licence fees range in complexity from a simple table by service, to a charge per frequency per station for each service, to complex formulas involving a number of variables. Most countries do not charge government entities for spectrum use, and many also do not charge for other public interest uses, such as by non-profit organizations; however, Australia, Canada, and the United Kingdom, among other countries, do charge government entities.

Licence fees can be efficiently implemented using the following principles:

–
Decisions and changes related to fee collection should be undertaken in an open manner through consultation with users and industry.

–
Fees should take into consideration, to the maximum extent possible, the value of the spectrum.

–
Fee mechanisms should be easy to understand and implement.

–
Fees should not be an impediment to innovation and use of new radio technologies, or to competition.

–
Fees should support the attainment of the spectrum manager’s national goals and objectives.

The basic types of fees are those based on the spectrum management costs for processing licence applications, revenues derived from licensees’ use of the frequency spectrum, and incentive fee formulas. Spectrum management fees are based on direct costs incurred by spectrum managers in processing applications, and may also reflect indirect spectrum management costs; i.e., overhead costs. In order for national spectrum management to be conducted, resources are needed to cover the full range of spectrum management functions  (see Chapter 1). As stated in § 2.2.1.2, fees may be a source or the source of this funding. With this intent, fees can be linked to specific spectrum management activity, the overall annual funding requirement or to other spectrum management objectives. These fees can be charged for the initial application and for application renewals. Fees can also be charged annually in order to maintain the spectrum management activity since spectrum users continue to benefit from the activity of the national spectrum manager through monitoring, database maintenance, ITU representation, etc. even after their applications have been approved. Individual licensees are generally grouped into licence categories for the purpose of setting fees. Revenue-based fees are proportional to the gross income the licensees generate from use of the spectrum. Incentive fee formulas take into account the value of the spectrum.

Another option is to charge fees based on the “opportunity cost” of spectrum use. In an auction, the bidder with the highest willingness to pay will win, with a bid that is just above the valuation of the bidder with the second highest willingness to pay. This second highest valuation represents the best alternative use, or opportunity cost, of the auctioned item. Therefore, in a situation in which the spectrum management authority must set spectrum fees administratively, an economically efficient distribution can be ensured if the fee is set equal to this opportunity cost/market value. However, to calculate the opportunity cost accurately, a market must be simulated to determine spectrum users’ willingness to pay. To do this with absolute precision is extremely difficult, nonetheless an approxi​mation can be obtained which may make this a practical option.
It should also be noted that in some instances administrations may charge fees on the basis of individual equipment or frequencies, while in other cases a single fee for the use of a block of frequencies will be charged. The latter approach may provide improvements in administrative efficiency.

2.3.4.1
Fees based on spectrum management costs
Fees based on spectrum management costs depend on two separate elements: the range of spectrum management authority’s functions included in the overall costs and the method used to determine the fees for an individual licensee. A spectrum management authority’s costs can be broadly divided into two areas: direct and indirect costs. The specific spectrum management functions associated with each category may vary according to the administration.

2.3.4.1.1
Direct costs

The immediate and identifiable cost of issuing licences for specific applications. For example, they include: the cost of staff time in the frequency assignment process, site clearance, interference analysis when it can be directly associated with a particular class of service – keeping the public news and entertainment channels clear, ITU and regional international consultation that is specific to an identifiable group of users. In some frequency bands and for some services, or if the equipment is located near neighbouring countries, the direct costs will include the cost of relevant international consultation. 

2.3.4.1.2
Indirect costs

The cost of the spectrum management functions (see Note 1) used to support the administration’s frequency assignment process and the overhead of operating the administration’s spectrum management procedures. They represent costs that cannot be identified as attributable to specific services or licensees such as general international consultation, for example with the ITU and regional groups, propagation research covering many frequency bands and services, general spectrum monitoring, interference investigations arising from the complaints of rightful users and the cost of support staff and equipment.

In some administrations the definition of direct costs is very restrictive and is limited to the costs incurred for each individual licence applicant. Some administrations may not make any charge for indirect costs.

The methods used to determine fees from spectrum management costs range from the simplistic method of dividing the total costs by the number of licensees to the more complex “cost recovery”. Cost recovery is used to apportion the costs of spectrum management functions to the licensee according to the costs incurred in issuing the licence and the associated frequency assignment process (for example: frequency assignment, site clearance, coordination) including any other necessary spectrum management functions. The licence fees are usually structured on the principle of recovering the costs directly and indirectly attributable to a specific licence category. In some countries the accounts are audited, by a national auditor, to ensure the costs, on which the licence fees are based, are appropriate and justifiable.

The exact definition and operation of “cost recovery” varies according to national spectrum management, legislative and constitutional requirements. These requirements may have an impact on the implementation of cost recovery in each country and affect how the costs and fees are justified. There are several reasons for these differences:

a)
In some countries a distinction is made between the administration’s total income matching or simply approximating its costs. In the former case the administration is not permitted to subsidize or overcharge the licensee, with any excess having to be repaid. In the latter case it is recognized that fees are based on an estimate of the expected costs, and therefore the income may exceed or not reach the administration’s actual costs. Note: in those countries operating the latter system, strict audit control may still be applied.

b)
The fees set for cost recovery may be based on the work performed on an individual licence or the average for that licence category.

c)
The complexity of the frequency assignment process and the number of spectrum management functions that need to be performed to issue a licence may vary due to:


–
national characteristics – for example the number of users, geographic features requiring the use of a detailed topographic database;


–
international requirements – for example bilateral or multilateral treaties, footnotes in the Radio Regulations.

d)
How the costs of the individual spectrum management functions are attributed to a particular licence category may be different due to:


–
the government’s interpretation of whether the cost should be the responsibility of the licensee, should attract a fixed fee or should be the responsibility of the state (paid from the national budget) – for example, some administrations consider monitoring is the responsibility of the state;


–
their allocation between direct and indirect costs.

All of these factors will affect the composition of the licence fee and the mechanisms an administration puts in place to monitor its income and costs.

NOTE 1 – There are activities associated with the management of the spectrum that some administrations consider to be  separate from their licensing costs. These activities typically relate to approval processes not directly related to frequency assignment. In these cases the administrations tend to make a separate charge and this is usually based on a simple fee that does not recover the cost of the function. These miscellaneous spectrum management fees may include a type approval, test laboratory accreditation, EMC fees and charges, installation inspection, examination certificates (radio amateurs, maritime examinations, etc.).

2.3.4.2
Fees based on users’ gross income

A fee can be charged based on a percentage of the gross income of a company. The value of the gross income used in the fee calculation must be directly related to the company’s use of the spectrum to avoid difficulty in the accounting and auditing processes. 

2.3.4.3
Incentive fees

An incentive fee attempts to use price to achieve spectrum management objectives and hence to provide some incentive to use the spectrum efficiently. Various elements of spectrum usage may be taken into consideration in the development of an approach or a formula (e.g. population density, bandwidth, frequency band, coverage area, exclusivity, power) and different formulae may be required for different frequency bands and services. Developing an incentive fee formula may not be a simple task if it is to accurately reflect the variation in spectrum usage across a country. Incentive fees may not be suitable for all services.

2.3.4.4
Opportunity cost fees

An opportunity cost fee tries to simulate the market value of the spectrum. This process may require financial analysis, estimations of demand or market studies to achieve a valuation, and considerable expertise.

2.3.4.5
 Fee calculation examples

Fees based on spectrum management costs may be represented by the general functional forms:



F    Di
(1)



F    f(Di, LiI)
(2)

where: 


F:
fee charged to licensee


Di:
 direct administrative costs of processing licensee’s application


Li:
licensee’s proportion of indirect administrative costs


I:
total indirect administrative costs.
Fees based on user revenues may be represented by the general functional form:



F    f(a, G)
(3)

where:


F: 
fee charged to user


a: 
proportionate fee established by regulatory agency


G:
user gross income

Incentive fee formulas may be represented by the general functional form:



F    f(B, C, S, E, FR, FC)
(4)

where:


F: 
fee charged to licensee


B:
bandwidth


C:
coverage area


S:
site location

E:
exclusivity of use


FR:
frequency


FC:
administration’s financial coefficient
Opportunity cost fee formulas may also be used. Such fee formulas will resemble incentive fee formulas. However, in this case the administration’s financial coefficient (FC) will be set so as to make the fee approximate the market value of the spectrum. 

A number of the above formulas and those presented in other ITU documents contain an arbitrary factor which is set by the administration. Use of this arbitrary factor means the resultant fee is itself an arbitrary value. A number of countries have implemented or are considering the implementation of fee models based on the various general functional forms described above. In countries developing incentive fee or opportunity cost fee models, it has been recognized that this is a complex and difficult undertaking and some administrations are holding public consultations prior to implementation.
2.3.5
Advantages and disadvantages of fee approaches

In terms of their effect on economic efficiency, spectrum fees are an improvement on awarding licences at no charge, provided that fees are not set higher than the market value. If they are set higher, spectrum will not be fully utilized. In fact, if fees are set above the willingness to pay of all potential users, spectrum will go unused and generate no benefits to society. On the other hand, if fees are set lower than the market value, economic efficiency will be improved even though excess demand will remain for the spectrum, and revenues to the spectrum management authority will be below the market valuation. Detrimental consequences of setting fees too low are that spectrum potentially could be used wastefully and that spectrum congestion may increase.

For example, assume that there is a service provider who uses two blocks of spectrum and pays a below‑market value fee of $100 per block, or $200 in total. Assume also that by purchasing more spectrally efficient equipment for $150, the same service could be provided using only one spectrum block. The rational service provider will see that the second alternative has a higher total cost of $250 ($150 for the new equipment and $100 for the single spectrum block) and thus will not choose it. If, however, the true market value of the spectrum of, say, $175 per block is now charged, then the service provider will choose to buy the new equipment and keep one spectrum block for a total cost of $325, as opposed to a total cost of $350 for keeping the old equipment and both spectrum blocks. Now that this spectrum block has been released, another party can use it, meaning that the public is now receiving the benefits of two services via the same amount of spectrum that used to provide only one service.

A similar problem created by fees that are below market value is the potential for services to wastefully use spectrum. For example, some services, such as the delivery of television programming, can be provided by either wired or wireless means. Other services, such as mobile telephony, can be provided only via the radio spectrum. When all resources (spectrum, fibre‑optic cable, copper wire, etc.) are priced at market rates, service providers will choose the combination of these inputs that is consistent with an economically efficient distribution. However, if spectrum is priced at a level 

below its market value, then service providers (such as the distributors of television programming) who have the option of using either wired or wireless infrastructure in their activities will be inclined to use more spectrum and less of the various available spectrum alternatives. The greater amount of spectrum used by television results in less being available for other services, such as mobile telephony, meaning that the total number of services available to the public has decreased –  obviously, an inefficient outcome.

Formulae can be useful in setting licence fees, but must be tailored to the individual circumstances of the country. Development of formulae requires considerable effort on the part of the administration and spectrum users. In order to operate correctly, a formula must be designed to achieve a specific purpose within an explicit set of operational conditions. These conditions depend on particular aspects of the country including its geographical structure (e.g. terrain, size, latitude), its radiocommunications infrastructure, the potential demand for services, and the degree of coordination required with neighbours. Hence the applicability of any formulae, other than the most basic, is often limited to a specific administration, a particular service and even a limited number of frequency bands. Existing formula can be reused, but will invariably require modification. This process requires an understanding of the purpose and conditions behind the formula’s original development as well as the details of its proposed implementation. 

2.3.5.1
Fees based on spectrum management costs
This approach has the advantages of raising revenues for the spectrum management authority and ensuring that licensees will pay at least some nominal amount for their spectrum use, while eliminating those would-be licensees who place insufficient value on their use to pay even those nominal fees. However, a major disadvantage of this approach is that there is a disconnection between the level of the fee and the value of the spectrum used. For example, one licensee may use a spectrum band in a relatively unpopulated area and pay the same fee as a second user who uses the identical band in a heavily populated area, even though the latter band has far greater value. Because of this disconnection between fees and spectrum value, such fees do little to promote the efficient use of the spectrum. In some areas and frequency bands in which the spectrum has little value, fees can inhibit any use of the spectrum, producing an inefficient outcome. More typically, however, cost based fees are far less than the value of the spectrum, and therefore promote efficient use of the spectrum to only a minimal extent. Low fees can be a particular problem in countries that have a high inflation rate because fees generally are updated only every few years, and therefore may lag well behind the general price level. However, this problem can be alleviated if the political authority conveys to spectrum managers the ability to update fees as often as needed to reflect general price trends in the economy.

2.3.5.2
Fees based on users’ gross income

Establishing a fee based on a certain percentage of gross income related to spectrum use can generate significant revenues for the spectrum management authority for certain services. For example, a television broadcaster with annual revenues of $500 million would pay an annual fee of $500 000 if the fee were just 0.1% of revenues. Further, this type of fee generates more revenue for the spectrum management authority as the licensee’s gross income increases, which could be viewed as both efficient and equitable. However, there are three major problems with this type of fee. 

First, it can apply only to users having a gross income directly linked to spectrum use and not to those users whose gross income results only indirectly from spectrum exploitation – as determining gross income may be difficult due to the complexity of company accounting and in addition determining how much of a users gross income is directly linked to spectrum use is virtually impossible, e.g., how much of a public utilities or telephone companies’ gross income can be attributed to their use of microwave links in portions of their fixed network. 

Second, such a fee does not necessarily promote efficient spectrum use or equitable treatment of licensees because a user’s gross income is not directly related to the value of the spectrum. For example, two broadcasters may have an identical gross incomes, but one may be reaping substantial profits, while the second may be reaping no such profits, and indeed may even be operating at a loss.

Third, it may suppress spectrum usage, reduce the growth in services, impair innovation and spectrum efficiency, and have an adverse effect on international competitiveness.

2.3.5.3
Incentive fee formulas

Incentive fee formulas have the advantage of representing to some extent the scarcity and differential rents of the spectrum. By taking into account factors such as population, area, bandwidth used, and the frequency band such formulas may approximate the market value. However, the disadvantage of such fees is that no formula, however complex, can take into account all the variations of the market-place. This requires that considerable care is exercised in setting licence fees in order to avoid a large discrepancy between the fee and the market value. For this reason an incentive fee formula may need to be linked to a market valuation in order to be used effectively. 
For some services, technical factors preclude a reduction in bandwidth and therefore incentive fees based on bandwidth would be inappropriate; for example, radar services. 

2.3.5.4
Opportunity cost fee formulas

Opportunity cost fee formulas have the advantage of being directly targeted at the desirable goal of simulating the market value, – thus encouraging consideration of alternative means of communication and the return, by existing users, of surplus spectrum. However, just as it is extremely difficult to establish an incentive fee formula that accounts for all relevant variables that influence the price of spectrum in a particular location, so too it is extremely difficult to accurately simulate an auction and the effort required to complete the analysis may exceed the costs of an auction. Such a simulation depends upon evaluating individual consumer decisions and somehow integrating this information into a usable model. Financial studies or extrapolations based on prior secondary market transactions may be useful to some extent, but simulating the market will always remain very much an imperfect exercise, e.g., the three US broadband PCS auctions produced results strikingly different than what had been forecast by almost all analysts. Nonetheless, such methods may have advantages over cost-based alternatives in terms of managing the spectrum to balance supply and demand and maximizing economic welfare where an auction is impracticable or illegal.
2.4
Factors that could affect various economic approaches

There are a number of factors which could affect both the need and the ability of different administrations to implement the economic approaches to spectrum management discussed above. Various legal, socio‑economic, and technical infrastructure considerations will all have an impact with respect to spectrum auctions, transferable property rights, and licence fee regimes.

2.4.1
Auctions

2.4.1.1
Applicability of auctions

As discussed previously, there are several potential advantages to using auctions as a method of spectrum assignment. However, different countries will likely also have a number of spectrum management objectives which auctions by themselves may not adequately address. Often such objectives can be met through the use of other policy instruments (regulations, licence conditions, standards, etc.) which are fully compatible with spectrum auctioning, but each administration will have to consider its priorities and decide on the overall appropriateness of auctions in light of the various objectives it wishes to achieve. Should an administration decide to utilize auctions, it should be aware that, generally, the greater the number of regulations, conditions, or restrictions put on the use of spectrum to be auctioned, the lower will be the auction revenue, hence, administrations may wish to consider the trade‑offs involved, depending on their priorities. On a related note, administrations could choose to restrict spectrum supply, which would generally lead to higher auction revenues; however, there is a trade‑off here as well in that a restricted supply of spectrum will lead to a narrower range of consumer services, higher consumer prices, and an overall decrease in economic efficiency.

While it may seem obvious, it is also worth noting that auctions by definition are applicable only in those circumstances where the demand for spectrum exceeds the available supply. Depending on any particular country’s level of economic development, the level of its communications infrastructure development, its investment climate, and any foreign ownership or trade restrictions it may impose with regard to the provision of spectrum-based services (among other factors), the possibility exists that an administration may receive insufficient interest to make an auction necessary for some spectrum.

Generally speaking, the higher the level of economic and communications infrastructure development, the more favourable the investment climate; and the lower the foreign ownership barriers and trade barriers, the greater will be the demand for access to spectrum,  leading to more vigorous competition in an auction and presumably higher revenues for the government.

Auctions are a market‑based mechanism and a fundamental requirement for the proper functioning of any market is a solid legal underpinning. This means, first of all, that the political authority must authorize the use of auctions for specified services. Second, for an auction to perform optimally, the nature of the right being auctioned (geographic coverage, available bandwidth, tenure of licence, etc.) as well as the accompanying responsibilities (licence conditions, service restrictions, equipment standards, etc.) should be specified as precisely as possible. As well, there should be certainty that the government is both willing and able to act as necessary to ensure that licensees are able to exercise the rights or privileges granted to them while at the same time meeting the responsibilities required of them. Any uncertainty surrounding such factors as the length of tenure of the licence being auctioned will create confusion and may result in lower bids.

Before entering a spectrum auction, for example, bidders will wish to know what degree of protection from harmful interference they can expect with the spectrum to be auctioned, as well as the steps they will be expected to take to avoid causing harmful interference to others. They will also wish to be assured that the government will enforce this interference protection regime.

The quality of an administration’s licence/licensee database, its spectrum monitoring capability, and its ability to impose meaningful penalties on those who cause harmful interference to others all impact the government’s ability to protect the rights or privileges of spectrum users and hence have an impact on the ability to conduct successful spectrum auctions.

2.4.1.2
Pre‑auction requirements

It is desirable that all the rights and responsibilities accompanying the spectrum to be auctioned are specified prior to the auction, otherwise, bidders will face high degrees of uncertainty which will significantly compromise their abilities to bid rationally, greatly increasing the chances of an unsuccessful auction. This means, of course, that administrations seeking to use auctions must be able, both legally and politically, to establish licence definitions, terms, conditions, and policies before knowing who the licensees will be.

Similarly, the rules and procedures of an auction should be known and clearly understood by all participants prior to the auction’s commencement. Great advances in auction theory, and in its practical application, have been made in recent years. Any administration planning to implement spectrum auctions would be well‑advised to consult the growing body of literature on this subject and to review the experiences of spectrum auction “pioneers” such as New Zealand, the United States of America, and Australia, to learn both from their successes and from some of the problems that have been encountered with respect to auction design and operation.

Depending on the complexity of the auction in question, an automated auction system may be desirable. Thus, certain technical infrastructure may be required to hold an auction. As well, education and training for both spectrum managers and potential bidders may be required to ensure a sufficient level of “auction literacy”.

2.4.1.3
Competition policy

Depending on a given administration’s stance towards competition in spectrum-based services, it may be particularly important that the possibility of market dominance is considered. Existing competition policies, as well as proposed licence conditions and auction rules and procedures, should be reviewed to ensure that an unacceptable auction outcome is avoided.

2.4.2
Transferable property rights

As with spectrum auctioning, the legal framework which underlies the ability of markets to function effectively, the clear specification by spectrum managers of rules and policies, and the legal and policy stance with respect to competition are all critical to how well a transferable spectrum property rights regime will work.

An administration considering the implementation of such a regime will wish to ensure that it has the wherewithal to continue to enforce applicable licence conditions, standards, and regulations once spectrum has been transferred from an original licensee to another party. The ability of an administration to maintain an accurate licence/licensee database is 

important in this regard, so a certain degree of administrative and/or technical infrastructure would appear necessary for a transferable property rights regime to be successfully implemented. This need is amplified if the administration intends to allow licensees to transfer their licences not only in whole, but also in part, that is to say, to allow licence divisibility.

2.4.3
Licence fees

The applicability of various licence fee regimes may vary among different countries. Countries with more developed economies and communications infrastructures may, for example, be more inclined to pursue such goals as:

–
ensuring that the total payments made by spectrum users, through fees and/or auction proceeds, are greater than or equal to the total costs of spectrum management so as to avoid the subsidization of spectrum users from the general treasury;

–
having fees approximate the market value of the spectrum resource to promote efficient use; and/or,

–
capturing any economic rents that the spectrum resource may generate.

Countries with less developed economies may choose to pursue these same goals, or alternatively they might see fit to implicitly subsidize spectrum users through low licence fees if they feel that this will further other policy objectives.

With reference to the different types of licence fee regimes discussed previously, incentive and/or opportunity cost-based fees have certain requirements for successful implementation. These types of fees are generally based on notions such as “spectrum consumed” or “the economic value of spectrum”, which are not always easy to practically define or estimate. Reliable automated licence/licensee databases and other informatics tools such as geographic information software may be necessary to perform the calculations imbedded in the fee model. Administrations wishing to reflect market values in their licence fees will need to consider to what extent the licences they grant resemble “market properties”. Any attempt to extract fees which in actuality are beyond the value of the associated spectrum may have negative economic consequences such as stifling investment, limiting service penetration, or raising consumer prices.

Finally, in countries that have not previously charged fees, it is essential that spectrum managers have the legal authority in their communications law to charge for spectrum use.

2.5
Managing a change in spectrum management funding

Use of radio has been identified as providing a number of benefits (see Chapter 3). Whether the level of economic benefits from the use of radio grows or diminishes depends on the spectrum being used efficiently and managed effectively. As implementation of spectrum pricing, or spectrum rights, can have a significant impact on spectrum management processes it is advisable that change should be managed due to the potential implications for the economy, the licensing process, industry and radio users.

The issues that a spectrum management authority needs to consider related to these changes are likely to vary from administration to administration and the precise spectrum pricing procedure will differ, but they can be grouped into a small number of categories.

2.5.1
Legal

Whether or not an administration needs to develop new legislation to introduce spectrum pricing, it is essential that the administration ensures that its existing legislation is effective. If the administration plans to introduce auctions, transferable spectrum rights, or a secondary market, it is also essential that the administration has appropriate competition legislation in place. If effective competition legislation and any organizations required to implement it have not been created prior to the launch of spectrum pricing, this could inhibit its operation.
2.5.2
International obligations

Where an administration introduces spectrum pricing and particularly transferable spectrum rights, it is important that it should retain responsibility for the country’s international obligations. However, the administration may need to consider establishing a mechanism for representing the users’ views in the relevant international fora, especially if the user is permitted to take on any of the management responsibilities for their spectrum that normally may be associated with the administration (see Chapter 4). In most countries these mechanisms may already exist, whether they would need modification to reflect different levels of spectrum management responsibility between users may depend on the national spectrum management process structure and organization.
2.5.3
Formula development

Pricing requires the development of formulae to operate effectively. In developing these formulae it is advisable that the administration should consult the radio industry on the appropriate technical parameters and definition of the criteria to be used; for example, highly congested geographic areas and frequency bands. The spectrum pricing formulae need to be fair, objective, transparent and simple. Simplicity is important, otherwise there could be difficulty in operating and maintaining the formulae. Consultation can also help to ensure the parameters are appropriate for the service and any disputes on the definition of areas of high usage are resolved. The consultation process is also important for users as it provides transparency to the development of the spectrum pricing procedures.

If the introduction of spectrum pricing requires the development of new software, this may need to be tested and staff trained in its use. This is particularly important if the administration has previously never charged for a spectrum licence. The setting of the fee level is critical to the operation of spectrum pricing and it is necessary to have a suitable differentiation, in terms of the fee value, between areas with high and low levels of spectrum usage.

2.5.4
Funding implications

Administrations that have previously operated a “cost-recovery” system, or been dependent on fees for funding their spectrum management operations, need to consider the implications for their overall income arising from a change in spectrum management funding mechanisms, such as:

–
auctions may be held only periodically, since at certain times there may not be suitable spectrum to be auctioned;

–
incentive pricing is intended to relieve congestion, not to increase the levels of the administration’s funding.

In the short term funding levels may increase, but as the spectrum pricing mechanisms take effect the levels of funding may fluctuate with time and adjustments to the level of supply and demand.

2.6
Summary

In view of increasing worldwide demand for radio services, economic approaches to national spectrum management are becoming essential. These approaches promote economic, technical, and administrative efficiency, and can also help fund national spectrum management programmes that can ensure that radio services are able to operate on a non-interference basis. While a free market in spectrum does not appear feasible due to technical, economic, and social considerations; auctions, transferable and flexible spectrum rights, and well-designed fees can enable a number of the benefits of a market approach to be realized. Auctions appear best-designed to promote efficient use of spectrum when there are competing applicants for the same frequency assignment, and transferable and flexible spectrum rights ensure that an assignment will continue to be used efficiently after the auction has taken place. However, auctions may not be appropriate for services in which there is limited competition for spectrum assignments, for socially desirable services such as national defence, and for international services such as satellite services. For some of these services, fees may be appropriate. Fees can promote efficient use of the spectrum provided that they incorporate the correct economic incentives and are not set so low as to be negligible in the eyes of spectrum users or so high as to exceed what a market would set, in which case spectrum will sit idle and generate no benefits.

Through spectrum pricing national spectrum managers can develop a variety of economic tools to promote more efficient spectrum use. If properly applied, these tools can help encourage investment in radio services, leading to growth of the telecommunications sector and benefiting the entire economy.

CHAPTER  3

ASSESSMENT  OF  THE  BENEFITS  OF  USING  THE  RADIO  SPECTRUM

3.1
Background

Effective management of the radio spectrum is required to ensure spectrum access for new services (see Note 1) and technologies, growth in existing services and avoidance of interference between users. Funding for this task will be dependent on the competing claims of all government activities. The extent of radio usage within a country will influence the particular functions performed by the spectrum management authority. As radio usage increases, so does the requirement for spectrum management. Assessment of the economic benefits (see Note 2) arising from the use of the radio spectrum are useful in making spectrum planning decisions. If quantification of these benefits is required for spectrum planning and strategic development then suitable methodologies must be identified. This Chapter, which is based on a report from the UK, provides a comparison of two methods to quantify the economic benefits and examines the factors that may affect this value.

NOTE 1 – In this Report the use of the word “service” with a non-capitalized “s” means an end-user service (e.g. cellular radio) and not a Radiocommunication Service.

NOTE 2 – Here the term benefits is not used in its standard economic sense.

3.2
Methods of assessing the spectrum’s economic benefits

Economic benefits are generally recognized to accrue from the expansion of manufacturing capability, or the creation of new radio industries and services. They also arise from the impact radio services have on generating improvements in the performance of a business. These improvements may include: increased productivity, increased exports, reduced operating costs and increased employment. Improvements in the performance of a business are not only found where radio forms part of the core business (e.g. a telecommunications service provider, radio equipment manufacturer), but also where it is used as a way to support the core business (e.g. a water supply company using telemetry and telecommand to remote reservoirs, a taxi company using mobile radio to pass passenger details to taxis). 

Two methods used for quantifying economic benefits have been identified in the Report “The Economic impact of the Use of Radio in the UK*” published in 1995. The methods calculate the contribution of radio use to the economy using: 

–
gross domestic product (GDP) and employment; 

–
consumer and producer surplus.

These methods may be used to estimate the economic benefits arising from the provision of a single end-user service, or each service’s economic benefits can be added together to provide the total economic benefits arising from radio in a country. Both methods and their relative merits are presented in the following sections. Although in this Report measurement of employment is linked to the measurement of GDP, it is really a complementary measurement that could be equally applied to the measurement of consumer surplus.

3.2.1
GDP and employment

The use of the GDP method to estimate the economic benefits is based on the contribution radio makes to all business activity within a country. The contribution to GDP will be equal to the product of the price of a good or service, and the number that are sold. The expenditure of the resulting wages and profits provides a further increase (multiplier effects, see § 2.1.1) in both GDP and employment which can be added to these figures.

In practice GDP and employment contributions may enter the economy at a number of different points that are determined by the operation of the particular service. Typically for a service which is sold to an end user (e.g. broadcasting), contributions will occur in:

–
the business providing the radio service (company A). This contribution to the economy is known as the direct effect of the use of radio. When the whole of the business of “company A” is based on the radio service (e.g. broadcasting), determining the required information is relatively straightforward. When the radio service provides only part of the business (e.g. private mobile radio (PMR)) it can be more difficult;

–
businesses manufacturing equipment purchased by “company A”, or supplying other services (e.g. cleaning services, recruitment services, information technology support, market research) in support of “company A’s” operations, these indirect contributions to the economy are called backward linkages;

–
businesses manufacturing equipment for users of “company A’s” service, or distributing and retailing “company A’s” services, these indirect contributions to the economy are called forward linkages. These services need not be related to radio, e.g. airlines use aeronautical mobile but their services that are retailed relate to passenger and freight traffic.

In the case of a radio service provided by the end user, as in PMR, the direct effect and backward linkage would be the same. However, there is no forward linkage because the contributing elements are incorporated within the direct effect. 

The contribution to GDP and employment from the service or services will be equal to the sum of the direct effect, the forward and backward linkages. This value will depend on the amount of capital equipment and materials originating within, and the level of profits retained in, a country. In practice all countries will import some of the capital equipment and materials used and this will reduce the GDP contribution. However, even in the worst-case scenario where all capital equipment and materials are imported (unlikely because of the impracticalities of importing all raw materials and the increase in overhead costs) there will still be a positive contribution to GDP and employment through salaries, supplies to users of the equipment, distribution and retailing.

3.2.1.1
Factors modifying the combined GDP and employment values

In all cases, the combined GDP and employment figures resulting from radio’s contribution towards the economy has to be revised downwards because of the impact of “displacement effects”. These are based on the principle there will always be an alternative to the existing use, e.g. if aircraft did not exist, then the shipping and railway industries would expand. These effects equate to the following scenarios:

–
radio may be a substitute for another non-radio service, e.g. cable;

–
if radio did not exist the resources used in its development would be employed in other parts of the economy. 

Allowance can be made in the calculations for the impact of relative changes in GDP and employment arising from a substitute service. However, the latter case for the wider economic displacement is more of a problem. Although the theory that all resources are completely mobile has some validity, there are disagreements on the limitations to this theory and validation is hampered by a lack of substantive information.

Once the GDP and employment figures have been adjusted to take into account the displacement effects, the impact of “multiplier effects” can be considered. Multiplier effects arise from the impact of wages and profits, generated in all businesses associated with the use of radio, as they spread through the rest of a country’s economy and in the process create further income and employment. They are a function of a country’s economic structure and may be different values for assessment of GDP and employment. In the United Kingdom, the Report “The Economic impact of the Use of Radio in the UK” estimated that the “multiplier effect” allowing for imports was approximately 1.4 times for income and slightly more for employment.

Hence the total contribution to GDP and employment for a service  (DE  FL  BL – DPE)  MPE.
Where: DE    direct effect; FL  =  forward linkage; BL  =  backward linkage; DPE  =  displacement effects; MPE  =  multiplier effects.

The total economic benefits arising from radio in a country would be equal to the summation of all of the total contributions arising from each service.

3.2.2
Consumer and producer surplus

Consumer surplus is a measure of the difference between what a customer is willing to pay and the actual price of the product. To determine the consumer surplus for a service it is necessary to estimate its demand curve – a plot of the item price (y-axis) against the quantity sold (x-axis). The consumer surplus is then equal to the area between a horizontal line at the item price from zero to the quantity purchased and the demand curve. To estimate the demand curve it is important to have historical information on the service that covers several years. This information is not always available. If the service is new then there will be no historical information. Without sufficient data it is extremely difficult to estimate the demand curve and if the demand curve cannot be estimated then the consumer surplus cannot be calculated. 

Producer surplus is the difference between what a producer actually earns and the amount it needs to earn to continue in business. To determine the correct value of producer surplus, the performance of the business needs to be monitored over a substantial part of its lifetime. In practice this is difficult to achieve as it requires consistent historical data for established businesses and accurate estimates of future performance for new businesses. 

The total surplus arising from the use of radio would be equal to the summation of the consumer and producer surplus for each service.

Consumer and producer surplus are presented graphically in the Fig. 1. The price of the item (px) and the quantity (qx) of the item sold at price px are shown on their respective axes. Consumer surplus (CS) is shown as the area between the demand curve and the price level (triangle px-x-di). Producer surplus (PS) is shown as the area between the supply curve and the price level (triangle px-x-si).
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3.2.3
The link between economic and social benefits

Some uses of the radio spectrum generate economic benefits but do not directly generate revenues. The economic benefits that the use of spectrum generates in such activities however, are not readily apparent. No clear or easily measurable financial values generally exist to directly quantify the magnitude of these benefits. Hence it may be assumed that economic analysis cannot account for these social benefits and can only account for such factors as the revenues and profits received by firms. This is not the case. A proper economic analysis considers benefits that do not directly generate revenues.

Examples of services providing social benefits include:

–
broadcasting – providing education, training, news and recreation;

–
emergency services – providing a link to the police, accident and rescue services including disaster control facilities; 

–
personal services – home health care/nursing, home security for the elderly;

–
research – meteorology, radio astronomy.

3.2.4
Comparison of the methods for quantifying economic benefits

Both methods produce an estimate of the contribution of radio to the economy of a country, but are based on different assumptions for treatment of the wider economic displacement. GDP and employment do not take account of the wider economic displacement. Consumer and producer surplus take full account of wider economic displacement. In addition, the two methods measure different aspects of the impact of radio usage on the economy of a country. GDP measures what has been paid and consumer surplus measures what consumers would be willing to pay. Both methods include producer surplus. Accordingly, the results cannot be added together.

Although both methods can be used, and are used in the United Kingdom, for showing the spectrum’s overall value to a country, it may be appropriate to select a method based on the application. GDP is better for assessing the value of multiple uses of radio within a country, or for comparison between individual uses/services, whereas consumer surplus provides more detailed information that may be used, for example, in determining licence fees or reserve auction prices. Comparison of the methods usually centres on the theoretical validity of the arguments and assumptions on which the particular methodology is based. However, it may be more realistic to review the methods based on the difficulty in obtaining data for analysis and the ease of comparison of the results with other economic data. 

3.2.4.1
Advantages and disadvantages of the GDP method

The advantage of the GDP method is that it shows the collective impact of those involved in the radio using sector and provision of intermediate goods to that sector (e.g. in the United Kingdom* it equates to approximately 2% of GDP or £13 000m and 410 000 jobs). The information required for the calculations is available in companies’ financial reports and is easy to understand and compare with other areas of the economy which are represented in the same form. This enables funding (or investment) decisions to be compared using the same measures.

The disadvantage of the GDP method is that it does not take proper account of the wider displacement effects and these may be considerable in a diverse and flexible economy. In the extreme, if all displacement effects are taken into consideration, the net benefit of the use of radio to the economy would simply equal the improvement in efficiency that radio provides. However, this approach assumes that the resources currently provided for radio can be easily diverted into other areas of the economy. This is not necessarily correct. Furthermore, the estimated contribution in GDP and employment may not include consequential improvements in associated businesses arising from improvements in their efficiency (e.g. cellular telephone users’ improved access to their business and clients) and may therefore lead to a more conservative estimate of GDP. The extent to which this occurs will be dependent on the relationship between the use of radio and the original business (e.g. is it a manufacturer of radio equipment, a service provider, a business using radio) and the type of service (e.g. broadcasting, fixed links, PMR).

3.2.4.2
Advantages and disadvantages of consumer and producer surplus method

The advantage of the consumer and producer surplus method is that it accounts for the impact of the wider displacement effects, indicating the benefits of providing a service by radio against the best non-radio alternative to be shown. In addition, the demand and supply curves can be useful for displaying the costs and benefits of a particular use of radio.

The disadvantage of the consumer and producer surplus method is that the demand curve can be difficult and time consuming to determine. A separate demand curve has to be produced for each service studied and this can be onerous if the aim is to measure the consumer and producer surplus for all radio services across the entire economy. If the demand curve cannot be produced, then alternative methods based on different assumptions have to be used and these may distort the results. Finally, consumer surplus is not easily comparable with GDP.

3.3
Potential uses for economic assessment

In recent years changes in radiocommunications technology together with the increasing tendency for shorter development cycles, have increased the pressure on spectrum managers for quicker decisions on who and which technology should have access to the spectrum. In addition to these changes in radiocommunications technology, further pressure has been added by the liberalization of telecommunications which has resulted in a growing demand for radio spectrum access. The increasing demand for spectrum access, combined with spectrum managers’ difficulty in predicting which of several competing technologies and uses, will be successful and should therefore have access to the spectrum, is making the spectrum management process increasingly complex and time consuming. This can discourage investment, which can be especially detrimental when delays in providing spectrum access can make the difference between the success or failure of a new service. In addition, as demand has increased, the recurring spectrum management issues of achieving efficient spectral use and finding spectrum for the new services needed by society are becoming increasingly difficult to resolve for a number of countries. At the same time, governments’ awareness of the overall burden of rising public spending on the economy has tightened control on funding for all government activities.

Management of the radio spectrum has traditionally been based on regulation of this finite resource. However, due to the pressures on spectrum management and particularly where difficulty in providing sufficient spectrum is limiting or distorting competition, or where it is inhibiting development of the radio spectrum resource, several administrations have moved away from a strict regulatory approach and are either using, or are considering using, economic factors as part of their approach to spectrum management.

3.3.1
Applications for funding spectrum management activities

Assessment of the economic benefits arising from the use of radio enables spectrum managers to demonstrate to the government that radiocommunications is not a self-contained industry, but is interwoven with other areas of a country’s economy. Representation in economic form allows radio’s contribution to the economy to be put in context with other areas of the economy. It also helps show the connection between spectrum management and radio’s benefit to the economy.

3.3.2
National frequency assignment decisions

Knowledge of the economic and social benefits that competing uses and the manner in which they are provided give spectrum managers information, in addition to the standard technical and operational assessments, that could be used to help make assignment decisions and maximize the economic benefits from the utilization of the radio spectrum.

Economic benefits analysis can be used in a number of ways. It can show the impact of delays in introducing a new service, the relative benefits of different types of service, the economic benefits of introducing more spectrally efficient technology and the benefits from reassigning a frequency band to a new service or technology. 

Technical and operational factors are obviously essential in any assignment decision, for without efficient use of the spectrum, economic benefits cannot be maximized. For some assignment decisions cultural/social aspects may be another factor. However, economic benefits analysis also has a role to play in determining assignment decisions, as failure to give due weight to economic benefits in spectrum management decisions could impose substantial costs on the economy. For example, it has been estimated that a two-year delay in providing spectrum for personal communications network (PCN) services in the United Kingdom would have cost the economy £410 million GDP or £2.5 billion consumer surplus a year and 7 600 jobs. The main advantage therefore of applying economic benefits analysis to 

assignment decisions, whether nationally or possibly internationally, is that it provides an analytical tool for optimizing the economic contribution made by radio. At present, perceptions of methodological difficulties may have meant that less emphasis is placed on benefits analysis than is warranted. As this Report shows, techniques are now available to estimate the economic benefits so that they can be taken into account.

3.3.3
Changes in spectrum management national legislation

For most administrations the provision of spectrum management is defined by legislation. This may limit changes in the way spectrum management can be provided, the way licences are issued and the type of support the spectrum management authority can receive from non-government organizations. Providing governments with justification for a change to legislation frequently requires assessment of the cost of implementation and the benefits the users and government will receive.

Economic analysis enables the economic benefits from using radio to be put in context with other areas of the economy and possibly an estimate of the consequential change in economic benefits arising from the proposed change in legislation to be provided. This information can provide governments with more information on the impact of the proposed legislation and the importance of the legislative changes relative to both spectrum management and the wider economy. Hence it can be used in the determination of timescales for introduction of the proposed changes to the legislature.

3.3.4
Support to the spectrum manager on the operation of auctions

Auctions are widely acknowledged to be the best method for determining the value of the spectrum (see Chapter 2 for a full explanation of auctions). However, the success of auctions can be affected by a number of different parameters. These include administrative limitations on auctions, administrative limitations on the operation of the new service or frequency assignment, and technical limitations imposed on the new service or frequency assignment. This last case may include issues of interference from another national or international radio source, coverage area, etc. 

Economic analysis can be used to provide an initial assessment of the value of the frequency assignment. This may be used to determine if there will be sufficient competition for the spectrum, to support spectrum managers in their evaluation of bidders business plans, or to provide a reserve price for the auction.

A reserve price is a threshold value placed on a commodity by the owner that if not exceeded during the bidding process prevents the highest bidder winning the auction without the owner’s further consent. The reserve price is usually based on a percentage of the valuation of the item and is provided by either the auction house, or an expert in the field. Reserve prices are commonly used in many forms of auction, especially antiques and art.

3.3.5
Using economic assessment to monitor economic performance over time

Assessment at periodic intervals of the economic benefits from the use of radio can be used to provide information on the economic performance of radio usage over of time. Monitoring this performance provides a better picture of the radio spectrum’s condition than a single assessment and can be used with licensing data to show trends and developments in spectrum use. This information may be linked to spectrum management decisions, (e.g. frequency assignments, changes in licensing conditions, introduction of new services) so that the impact of spectrum management decisions may be evaluated and their application modified as necessary. In this way any detrimental impact on users can be rectified, and ineffective decisions reviewed or revoked.

For example, in the United Kingdom a follow-up study to the 1993/1994 economic Report has shown that radio’s contribution to GDP has increased by 11% per annum compared to the 3% for the rest of the economy and employment increased over the two-year period by 1 000 jobs a week. Employment (see Note 1) due to the use of radio has increased by 110 000 to 410 000 an approximate increase of 36%. Although this increase is perhaps exaggerated by an under​estimation of the employment figures in the previous study, it compares favourably with an increase of 485 000 for the total economy over the same period. This study of economic performance will in future be repeated bi-annually.

NOTE 1 – Employment due to the use of radio includes industries, or services, which use radio, but in which radio is not the primary product, e.g. taxi companies.

3.4
Factors affecting benefits

This section examines a series of factors affecting the economic benefits that arise from the use of radio. It does not seek to quantify their impact, rather its purpose is to explain how these factors impact the national radiocommunication infrastructure, which in turn affects the value of economic benefits.

The radiocommunications infrastructure is the combination of all existing radio systems operating in a country, the frequency allocations, individual frequency assignments, any necessary coordination agreements and the spare capacity in the spectrum that can be used by the existing radio technology.

The benefits arising from the use of radio increase with the level of investment, increased usage and the introduction of new services and technologies. However the larger the investments and the more heavily developed the spectrum becomes, the less flexibility exists for introducing new services in the same band. Providing a balance between the contradictory requirements of increasing the use of the spectrum and retaining sufficient spectrum to meet future demand is an increasingly difficult problem, particularly in the lower frequency bands, and becomes more difficult as demand for spectrum access increases. The following sections review some of the information that characterizes the infrastructure. It should be noted that they apply equally to the entire country and its regions.

3.4.1
Frequency availability 

The ability of administrations to make frequencies available for use is a major factor in determining the economic benefits they can achieve. Availability of specific frequencies or frequency bands may affect the cost of implementing new radio systems, radio system viability and the number of users that can be accommodated. The more users that a frequency can accommodate, within agreed performance limits, the greater the potential economic benefits.

Frequency availability is closely linked with coverage area and required bandwidth. The larger the coverage area the lower the frequency reuse in a given area. The wider the required channel bandwidth, the fewer channels can be fitted into a particular frequency band and the more spectrum denied to other users or uses. Coverage area is determined by many factors, e.g. transmitter power, antenna height, antenna pattern. Reducing the coverage area with improved antenna patterns or site shielding, will increase frequency availability. By reducing the coverage area, the area denied to other users by those transmissions is also reduced.

NOTE 1 – The area denied to other users is normally larger than the coverage area. 

3.4.1.1
Suitability

Providing spectrum for a new service is not necessarily a question of finding a vacant block of frequencies. Apart from the variation in cost of equipment between different frequency bands, and the impact of propagation considerations, both of which may determine whether it is economically viable to operate a particular service, there are some services and applications that have a requirement for a particular frequency band. For example: temperature profiling and climatic monitoring have a specific need for the oxygen absorption lines around 60 GHz, whilst international broadcasting needs HF; neither of these services could make use of the other’s frequencies. In addition, the frequency band selected for a service may affect the structure of the system, cost of implementation and operation. Selecting the right frequency band will therefore determine the viability and hence the benefits the new service can provide.

3.4.2
Demand

A country’s population and industry provide the demand for radio services. The viability of introducing services on a commercial basis (i.e. not State funded) throughout a country will depend on the level of that demand, unless there are specific requirements placed on the service provider (e.g. in the United Kingdom, some broadcasters and telephone service providers are obliged to provide universal coverage for certain services). The level of demand in a country is therefore probably the most important element in determining radio usage and together with the country’s geography, determine the shape of the radiocommunications infrastructure.

A large population will normally provide the demand for the introduction of a wide variety of radio services, although it may not guarantee their viability. Although most communications are based on population centres, or areas of employment, that demand can also occur in relatively uninhabited areas e.g. major transport routes are not necessarily in 

major population centres. However it can normally be assumed that the greatest demand will occur in areas with the greatest population density and/or the highest economic activity. Conversely the lower the population density the lower the level of demand and the less competition the market will be able to support. This may lead to less variety and consequently higher costs for a particular service.

3.4.3
The country’s geography

The geography of the country covers a number of separate items that can affect the benefits arising from the use of radio. These include the country’s size, its geographic shape, terrain structure, the number of countries within coordination distance and their radiocommunications infrastructure.

Broadly this translates into: countries with many close neighbours are more likely to have to coordinate the majority of their radio systems and may therefore be more likely to fit their radiocommunications infrastructure around that of their neighbours. The more developed the neighbouring countries’ infrastructure the greater the difficulty there is likely to be in introducing new services. This may not be a big problem as countries with low population densities generally have smaller populations and hence make less demands on the spectrum. At the other end of the scale large countries have greater freedom to plan services above certain frequency bands without the need to resort to coordination. This freedom is increased if they have few neighbours. Those countries with no neighbours within the coordination distance for a specific frequency benefit from the fact that they have unrestricted access to this frequency everywhere within their borders.

For the purpose of this Report, terrain structure includes mountain regions, dense woodland and desert. When combined with the other elements of the country’s geography and the population characteristics the terrain structure helps to determine which frequency bands may be the most appropriate for a particular service.

3.4.3.1
Regional variations and spectrum congestion

A country’s geography and demand distribution can combine to provide a variation in the level of frequency availability across a country. The distribution of a country’s population equally across a country is extremely unlikely and the population tends to group in a number of population centres of varying sizes. In practice this grouping is beneficial to the provision of radio services; however, there comes a point where the level of demand can be disproportionate to the area in which it arises and this can cause frequency availability problems and eventually spectrum congestion. Spectrum congestion is a major problem for spectrum managers and cited by many administrations as one of the major factors in their consideration of moving to a spectrum pricing structure. The following example shows the impact of regional variations on spectrum demand.

In the United Kingdom some 25% of the population live in about 7% of the total land area, an area that includes two of the world’s busiest airports and is bounded by the world’s busiest shipping lane. This concentration of the population and industry creates high demand for all types of service (e.g. mobile, fixed, broadcasting, satellite, radionavigation) whilst at the same time placing considerable restraints on frequency reuse because of the short distance separation. In addition, despite being an island, the United Kingdom’s close proximity to neighbouring countries requires coordination in many frequency bands and places further limits on frequency availability. Public mobile telephone services have increased dramatically with increasing competition from new telecommunication operators, but the roll out of services is based on major centres of population and the prime road and rail links that connect them. Consequently there is a shortage of spectrum in some parts of the United Kingdom whilst in other areas this is not a problem. In areas like the South East of England there is congestion in many bands and a general shortage of available spectrum below 25 GHz. In particular below 3 GHz there is a problem with spectrum availability for mobile services. The United Kingdom is therefore putting considerable effort into opening up the frequency bands above 30 GHz.

3.4.4
Variation from country to country

The variation between countries is similar to the variation within a country except that it is generally on a larger scale but with some modifications and additional factors. 

3.4.4.1
Frequency allocation

Probably the most fundamental difference between countries will be in the allocation of frequencies to services. This may arise through different allocations to countries between ITU Regions, footnotes in RR Article S5 and individual differences from RR Article S5 that have been coordinated between countries. These differences between countries may affect both Primary and Secondary allocations. These changes will primarily affect frequency availability and be subject to coordination agreements between individual countries.

3.4.4.2
Regulatory approach and planning criteria

The spectrum management authorities may be subject to different legislative requirements and as a consequence have a different regulatory approach. In addition there are a number of factors that would normally be expected to vary between countries. These are spectrum management objectives, aims, frequency planning criteria, and operational requirements.

3.5
Summary

The value that the use of radiocommunications and the development of new services can provide to a country’s economy is indicated by the economic benefits identified in the two United Kingdom studies. In the past, failure to recognize radiocommunications’ economic contribution to a country, perhaps coupled with uncertainty over the methodology, may have meant that benefits analysis was not considered to provide information relevant to spectrum management. This Report shows that techniques are now available to quantify the economic benefits and are capable of providing information, previously unavailable to spectrum managers, that can be taken into consideration when making decisions on frequency assignments and for evaluating the effectiveness of spectrum management decisions. In addition, economic benefit analysis may be used to support justification for spectrum management funding. Effective spectrum management is essential for maintaining access to the radio spectrum and hence the benefits radio can provide to a country.

CHAPTER  4

ALTERNATIVE  SUPPORT  FOR  NATIONAL  SPECTRUM  MANAGEMENT


4.1
Introduction

Increasing requests for use of the radio spectrum, the need for more efficient and effective frequency assignment strategies, and ever changing radio technologies place an increasing burden on national spectrum managers. Administrations, particularly those in the developing or least developed countries, often have limited financial and human resources that can be applied to spectrum management. In some cases, these limitations can delay or restrict the implementation of communications vital to the national economy, services, and security. Therefore, administrations need to consider alternatives to the traditional, centralized, government-operated and funded national spectrum management systems particularly when they are shown to be less expensive or less resource-consuming. Though national spectrum management remains a primarily governmental effort, alternative approaches using resources outside the national spectrum manager to perform or fund certain spectrum management functions can enhance the efficiency and effectiveness of the national effort.

A number of administrations have made use of spectrum management resources outside the national spectrum manager including:

–
communication groups with a direct interest in spectrum such as advisory committees, trade associations, professional organizations, and quasi-governmental associations;

–
frequency coordinators (and coordination groups) and designated spectrum managers; and

–
spectrum management consultants, and support contractors.

These alternatives can be used to support the national spectrum manager in performing the nine spectrum management functions listed in Chapter 1. Which approach is used may vary with frequency band, radio service, and/or specific radio application, the capability resident within the national spectrum management organization, and the expertise available from other resources. For example, the national spectrum manager may find that sufficient technical expertise and experience to deal with traditional radio applications such as HF radio or FM broadcasting already reside within the national spectrum management organization. On the other hand, new technologies such as cellular mobile systems, low-orbiting satellites, and stratospheric systems, may present a complex spectrum management problem beyond the existing capabilities of the national spectrum management office. In some cases, particularly with bands used for single applications such as public broadcasting associated with well-defined groups, private organizations may offer to manage the spectrum and deal with related spectrum management issues in a way advantageous to all concerned. Furthermore, the national spectrum manager can determine the limits of responsibility and authority granted these groups based on the function to be supported. For example, while consultants can be used to study policy and planning options or support radio conference activities, they cannot be used to make policy and planning decisions or ratify conference agreements. Administrations may also find that a combination of approaches may be required to perform the overall spectrum management function.

The objectives of using groups outside the national spectrum manager to assist in the spectrum management process are:

–
to save government financial or human resources;

–
to increase the efficiency of spectrum use;

–
to improve the efficiency of the frequency assignment and coordination processes; or

–
to rationally supplement the expertise of the national spectrum manager. 

4.2
Approaches

4.2.1
Communications groups with a direct interest in spectrum

Interested communications groups include organizations established by communications professionals, radio users, and manufacturing or trade associations having an interest in the use of the spectrum. In most cases, these organizations develop by themselves around their shared interests, but the government may need to establish a group, such as a 

formalized advisory committee, to perform some spectrum management activity. These groups have detailed knowledge of the technical capabilities of their equipment and of their members’ needs. They have a good understanding of practical concerns associated with system operations and manufacturing.

Due to the benefit that their members derive from their involvement in standards development, frequency coordination, engineering capability development, and research, they are often willing to participate in spectrum management related activities, frequently at no cost to the government. Though administrations usually view inputs from these groups as advisory in nature, the work provided can be invaluable in relieving the national spectrum manager of the need to prepare such advice internally. In some cases, the input of these groups may help to establish a level of voluntary self-regulation among spectrum users.

There may not always be adequate manufacturing or user interest within a single country to justify the establishment of national groups. In these cases, the work of multinational, regional or international bodies may be used to support the national spectrum manager. For example, many countries adopt as national regulations, standards developed within international bodies such as the ITU Radiocommunication Sector (ITU-R) and International Electrotechnical Commission (IEC), and regional bodies such as the American National Standards Institute (ANSI) and European Telecommunications Standards Institute (ETSI).

4.2.2
Frequency coordinators, designated spectrum managers and system licence holders

4.2.2.1
Frequency coordinators and coordination groups

Frequency coordinators are spectrum management resources outside the national government given the authority to coordinate the selection of frequency assignments within specific parts of the spectrum. This does not necessarily include final authority for the assignment of frequencies. Coordination groups are often created around users with like interests, recognizing that each band is allocated for specific use in which a limited number of parties are interested or permitted.

The frequency coordinator brings together spectrum users concerned with spectrum use in specific bands, performing analysis, selecting frequencies, and in some cases maintaining necessary frequency assignment databases. After selecting a frequency or frequencies the coordinator presents the coordinated request for final approval by the national authority. Having gone through this process, the prospective user can practically be guaranteed access to the spectrum on the frequency coordinated.

The use of frequency coordinators may require financial resources from the government in exchange for the technical expertise provided. More often, however, the national authority grants the coordinator the authority to collect fees for its services from spectrum users. Coordination groups, created by the interested parties to coordinate their spectrum use, can be recognized by the national authority and granted the responsibility to coordinate use in specific bands. In such cases, payment for services is jointly agreed by the members of the group, and generally covers the costs of operating the coordination group.

4.2.2.2
Designated spectrum managers outside the national spectrum manager 

Designated spectrum managers are spectrum management resources outside the national government given the authority to manage the spectrum or parts of the spectrum by the national spectrum management authority. This includes the authority to grant frequency assignments and, in some instances, to establish limitations on the operations or technical characteristics of radio stations. Designated spectrum managers can perform functions including engineering analysis, frequency coordination, monitoring and licensing.

The use of designated spectrum managers requires financial resources from the government or the authority for the spectrum manager to collect fees from spectrum users. In cases where the national spectrum management authority chooses to allow market influence to have its maximum impact, private sector spectrum managers may be charged for the opportunity to perform the management function particularly if they are able to seek profits in providing their service to spectrum users.

4.2.2.3
System licence holders

Many administrations have found that, by providing licences that cover an area and a range of frequencies, the responsibility for managing the spectrum in that geographic area and frequency range can be turned over to the licence holder, assuming that the particular spectrum is not shared with other users. This approach is particularly applicable to cellular, point-to-multipoint and other high-density operations. The licence holder can determine the specific channelization, site locations, and other system characteristics. This provides significant relief to the national spectrum manager.

4.2.3
Spectrum management consultants and support contractors

Consultants are individuals that provide various types of service support. They can provide advice to national spectrum managers or in some cases represent the national authority and carry out its policies. Consultants provide services directly to the national spectrum manager or other spectrum users. The consultant may perform legal analysis, training, and engineering analysis, select frequencies, develop policies, or participate for the government in spectrum management fora. No authority is conveyed to the consultant other than to perform studies and to represent the views or policies of the national spectrum manager. Financial support for the private sector consultant comes from the national spectrum manager.

Consultants can support a temporary need of the spectrum management organization, or their use may represent a long-term strategy of limiting government staff and increasing staffing flexibility. If the intent is temporary support, these resources may need to be used, in part, to train the staff of the national spectrum manager. Where they are viewed as a more permanent approach, sufficient expertise must be maintained by the national spectrum manager to select qualified contractors and oversee contracted activities.

In some cases, the national government may find it necessary or advantageous to staff some organizational component or components of the national spectrum management office through the use of staff support contractors. These contractors may provide various forms of technical support, such as database entry, computer operation and software development or engineering support (see § 4.5.1). Under this type of approach, government staff are used to oversee the overall operation or to review contracted results.

While most consultant and support contractors are provided through private sector companies, many administrations have used government technical organizations to support spectrum management. Though this approach does not directly result in a net financial saving, it can lead to efficiencies through the focusing of technical expertise.

In considering the use of consultants or contractors, administrations should keep in mind that such individuals may also represent private companies, other administrations or international organizations, thereby causing conflicts of interest. Administrations should be aware of the other obligations of these individuals and ensure that they do not perform tasks related to their other interests. 

4.2.4
Costs and benefits of the approaches

While these approaches can assist the national spectrum manager in managing the growing workload or technical complexity of the work, the government may lose some of its control. Although some of this loss of control may in fact be positive and result in greater initiative from interested parties, the national spectrum manager will need to ensure against undesired losses. Furthermore, the use of groups outside the national spectrum manager may result in some administrative or organizational inefficiencies.

4.2.4.1
Financial

Where their services are provided free of charge to the national spectrum manager, interested communications groups, frequency coordinators and designated spectrum managers provide a direct savings to the administration. Financial benefit derived from the national spectrum manager paying consultants is not clear since such payments represent a full cost or near full cost replacement for government staffing. Similarly, the government contracting a private sector spectrum management support contractor as a replacement for government staff will not necessarily result in cost savings. The financial benefit gained from these support resources depends on the manner in which the service is funded. Instability in consultant or contractor groups and the ongoing need to develop, review and monitor contracts may often result in significant additional costs. Consultants and support contractors can provide short-term support that is terminated when an assignment ends. However, the overall spectrum management effort may be affected by a lack of cohesiveness. These potential negative aspects may be able to be overcome by giving adequate attention to their transition plans.

4.2.4.2
Staff

When there is a lack of qualified personnel available to perform spectrum management tasks, saving money may not be as crucial as identifying sources of staff support. In some administrations, government policy stipulates limits on government staffing levels. Each of the support approaches provides assistance to alleviate the staff requirements of the national spectrum manager.

4.2.4.3
Control

Anytime the national spectrum manager delegates responsibilities to an outside group some of its control is lost. The use of private sector resources having their own interests and often a profit motive can create a conflict of interest. Thus the government spectrum manager must remain close to any private sector activities to ensure that biases do not have a negative impact. Care must be taken in the use of these resources to protect non-profit, public-interest services. A number of specific problems with such a system may be anticipated. Interested communications groups may create compatibility standards, for example, that give greater consideration to their own costs than to the requirements of other spectrum users. In such a case, all of the users dealt with by frequency coordinators and managers might not agree with decisions that are made. Some may object to the fees involved. Others may feel that they are not adequately represented. Others may believe that their investment is put at risk by the judgement of a coordinator or manager. These groups often emphasize the need for government control of the national resource, demanding appeal procedures or government review of decisions.

Government oversight of coordinator or manager activities to ensure that treatment of the users is fair and equitable, represents a management burden derived from turning over control to another group. A potential method of keeping the coordination process fair would be to have more than one certified coordinator for each sub-band. This “marketplace” approach to coordination raises the problem of database management. For coordination to be equitable, each coordinator must have equal access to an up-to-date database of licensees. They must share a single database or have simultaneously updated databases. This may necessitate operation of the database by the government or an agreed third party.

4.2.4.4
Process efficiency

Frequency coordination groups are highly familiar with the specialized spectrum needs of the user groups they represent. Because of this familiarity, they can provide fast, efficient, conflict-free assignments to users. Because of their unique status, private sector coordination groups are in a position to provide a highly efficient and rapid method of frequency coordination that is not usually available to either the end user or the national spectrum manager. Private sector spectrum managers are likely to employ market techniques in selecting between prospective users. Such a process can speed the process of approval, eliminating the debate associated with an administrative process (often referred to as “comparative hearings”) to compare user requirements. Licencing systems in an area and over a range of frequencies speeds the licencing process by granting one licence to what amounts to many transmitters, locations and frequencies.

4.2.4.5
Spectrum use efficiency

Because private sector spectrum managers and coordinators and system licence holders have a vested financial interest in the bands they oversee, increased efficiency in the use of those bands may result as compared to oversight by a government regulator. Private sector spectrum managers and system licence holders may be motivated financially to develop techniques to maximize the number of assignments and thereby maximize their profit. Coordinators representing user groups work to the benefit of all those within the user group. Maximizing assignments maximizes benefit to the user group. Though designated spectrum managers, coordinators or system licence holders may increase the efficiency of the bands that they oversee, they have no motivation to decrease the total amount of bandwidth that their users occupy. If a user group has more than enough spectrum for its use, there is no motivation to move toward more efficient technology or assignment procedures. Thus, having entrenched frequency coordinators or designated spectrum managers may make it more difficult for the national spectrum manager to make larger scale allocation or allotment changes. The use of these groups may decrease the national spectrum manager’s overall flexibility, possibly leading to a decrease in spectrum efficiency.

4.2.4.6
Flexibility and sharing

When spectrum is turned over to frequency coordinators or coordination groups, sharing flexibility may be lost. Generally, each coordination group has one service with which it deals. Therefore, management or coordination by one group may prevent sharing a band with other services. However, in some cases, coordination groups have successfully been used to coordinate use by different radio services within shared spectrum.

4.2.4.7
Technical expertise

National spectrum managers sometimes find it difficult to focus available technical expertise on each of the myriad of services, bands, users, and technologies needing spectrum access in a country. System licence holders have direct experience from managing their own systems. Interested communications groups and frequency coordination groups generally originate from the groups they manage. Therefore, they have the expertise and information directly at hand to perform their tasks. The use of consultants allows the selection of individuals or groups with the skills matched to tasks. Designated spectrum managers carrying out general duties similar to the national spectrum manager experience the same difficulties in covering all spectrum issues.

4.3
Application in developing countries

The spectrum management organizations of developing countries frequently suffer from inadequate funding for spectrum management, insufficient training of spectrum management staff to perform technical engineering and computer tasks, unclear spectrum management procedures and mechanisms, and a lack of spectrum management experience. Though in most cases increased funding and staff are crucial to upgrading their spectrum management capability, short-term significant increases are not often possible and long-term increases via the normal national budget allotments may not be sufficient. Spectrum management approaches must be considered that minimize the need for government funding increases. Growth of the spectrum management unit should be incremental; however, funding increases alone will not provide results. As with the general national economy, free and secure capital investment is essential for the national telecommunications infrastructure and a portion of that capital investment may be needed to support the national spectrum management system.

Because spectrum users and service providers are often the most qualified to deal with technical issues and have a great deal of motivation for resolving issues, they represent the most readily available source of active support. In many cases, a significant difference in private and government salaries has caused many of the qualified experts to gravitate toward private enterprise. Because spectrum management is essential to the success of their enterprises, private companies are highly motivated to use their resources to establish and support a sound spectrum management process.

These resources can be drawn together in organized bodies to provide advice or in many cases voluntary support to include everything from frequency coordination, to site inspection, regulation drafting, and research. Coordination groups can be established to coordinate frequencies for some services. Groups for broadcasting, fixed, and mobile are often a good starting point. Coordination groups can perform tasks under government oversight but using primarily private sector participation. The members of these groups are motivated by the fact that they want to use the spectrum. Advisory committees can develop initial drafts for national regulations and spectrum management procedures as well as positions on international issues.

Where monetary resources from spectrum fees or market approaches to spectrum management have been used to increase funding but technical expertise is deficient in the government, the government spectrum manager can employ consultants or contractors to provide support. Such groups are excellent for providing database and engineering support. In some cases, they have been successfully used to support national representation in international bodies.

Whether by voluntary or contract support, government staff requirements can be lowered, but other considerations, such as security and government control, may impact government implementation of these approaches. However, most approaches discussed above can be used without relinquishing the government’s primary leadership and oversight role.

4.4
Legal and administrative implementation measures

The approaches described above are intended to decrease the national spectrum manager’s work-load without necessarily decreasing the spectrum manager’s level of authority or effectiveness. They also take advantage of the expertise of the spectrum users and service providers. However, the measures that are required to implement these approaches depend on the level of authority that is granted to groups outside the national spectrum manager.

Because most administrations have used traditional, centralized approaches to spectrum management, some legal authorization may be required to implement any of these alternative approaches. Actual delegation of government authority, for example licensing authority, to groups outside the national spectrum manager will require legal provisions. As these approaches deal with spectrum management support in conjunction with the national spectrum management authority, as opposed to national government operation of radio services, implementation of these approaches requires no 

changes to the national industrial infrastructure. Many of the significant changes to national processes are legal or administrative. Others may involve shifts in the types of skills maintained by the national spectrum manager. Developing private sector support for the national spectrum manager can be accomplished regardless of the national position with regard to privatization of national phone companies. Separation of the national spectrum management role from that of a government-run telecommunications operator is not dealt with in this Report.

A legal basis, including rules of conduct, may have to be created for the establishment of government-recognized advisory bodies. Because providing advice within government decision processes means gaining access to the government decision-makers rules might have to be established regarding methods for determining who participates in advisory bodies. For frequency coordinators or designated spectrum managers to charge fees, their authority to do so may need to be established. In cases where a group outside the government is delegated authority to actually perform a spectrum management function, this authority must be clearly presented to the spectrum user community. Rules for conduct of such a group would have to be established. To avoid conflict of interests, these rules would necessarily include provisions that prevent a group from exercising management authority in bands or services where it has a direct financial stake in those users under its authority. In dealing with contracted support, laws concerning contract bidding and award have to be developed and applied.

To use individuals outside the government for international activities, national authorities would have to accredit individuals that participate on their behalf. However, ultimately administrations must be represented at treaty conferences by those authorized to make national treaty commitments.

Arranging a multitude of counsellors does not necessarily make decision-making easier. In some cases, the ideas of interested groups may be in conflict with one another. Therefore, while more detailed and expert advice may become available, the national spectrum manager will still have to sort out issues and make decisions.

Approaches where responsibilities are delegated through contracting or use of spectrum coordinators or managers require a new set of skills related to development and oversight of these resources. While there may be a specific need for contract processing or other administrative skills, the national spectrum manager must maintain a sufficient level of technical capability to select and oversee support resources. Furthermore, the national spectrum manager will need to develop and maintain methods to monitor and evaluate how well these approaches are working.

4.4.1
Contracting/privatization options

Depending on the availability of government staff and the cost-effectiveness of using resources outside the government, each administration determines the best approach to fulfilling the spectrum management functions. While contracting may be a form of privatization, a distinction is made here between the two. Contracting is the payment of an individual or company to perform a specific service or task. Privatization, on the other hand, is the release of a function or component of a function by the government and the empowerment of a private entity to perform that function. For example, the national spectrum manager may choose to perform all functions related to interference resolution, including interference location. On the other hand, the national spectrum authority may choose to hire a contractor to perform the interference location activity. Under this scenario, the contractor may provide staff and equipment or just staff (using government equipment). However, as another option, the spectrum authority may determine that interference location as a subtask can be privatized. For example, complainants might have to pay a company to locate interference before the spectrum authority would get involved in interference resolution. Given these definitions, many aspects of national spectrum management can be performed by contractors with oversight of their activities or validation of results by the government. However, due to the policy and regulatory implications of spectrum management, only a few of the spectrum management functions or components of the functions can actually be privatized.

The State can consider privatization of some spectrum management activities, recognizing the following principles:

–
All countries engage to comply with the ITU Radio Regulations. This obligation comes under the competence of the State, and cannot be conceded to a second party.

–
Responsibility for radiocommunications regulation should not be privatized. The regulations and the international agreement negotiation should not be performed by a private company as this concerns direct exercise of an activity having a nature of national sovereignty.

–
A private company directly participating in spectrum management activities should not have any connection with any of the companies or persons managed or monitored in the course of fulfilling the spectrum management role. The potential for collusion resulting from this is evident.

–
A function implying use of enforcement power should not be privatized. This concerns exercise of an activity belonging to the State.

4.4.2
Contractable/privatizable functions

Regulation of radio use is primarily a State function since it involves the oversight of a national resource, determination of national policy, and negotiation of international treaty agreements. However, nothing prevents administrations from using individuals or private companies for a variety of spectrum management support functions such as drafting standards and regulations, and participating in international discussions likely to concern their national industries. Recognizing that the regulatory decision-making and policy-making authority, and the ultimate responsibility for international negotiation-authority must remain in the hands of government officials, each administration decides what roles can be given to private companies or individuals outside the government and which of these roles can be performed under contract to the government, or can be privatized. Within each spectrum management function an administration may choose that private companies may perform certain components but not others. For example, on-site monitoring of radiocommunication networks is an activity which could be contracted; however, the setting of penalty levels may need to be performed by the administration. The authority to grant frequency assignments and issue licences and authorizations ultimately belongs to the State. However, contractors can be used to perform licence processing and database maintenance. As noted earlier, some administrations have turned over primary responsibility for licensing in a particular band to private sector groups. In international activities, State-to-State discussion cannot be privatized, although private experts and advisors can support these activities. Many monitoring functions can be performed by contractors as long as the administration validates their operation and maintains the enforcement authority. Therefore, for each of the spectrum management functions, the issue for each administration becomes where to draw the line between administration responsibility and delegation to private entities, whether contracted or privatized. This decision may be based on the staff resources available to the administration or on the cost effectiveness of using outside resources. Where staff resources are not resident within the administration greater use of outside resources will have to be made. However, when an activity is performed by resources outside the government, the administration tends to lose its direct expertise in those areas, performing primarily an oversight role. Thus, the use of resources outside the government may be difficult to reverse once implemented. While this may not be a concern in administrations trying to determine where to find resources not available within its staff, other administrations could find the loss of expertise to limit their management choices and their ability to exercise the oversight role. Therefore, each administration needs to make decisions related to the use of contracting/privatization carefully with clear definition of activity to be contracted or privatized and in full knowledge of the long-term implications.

Recognizing that the activities contracted or privatized can be determined only on an administration-by-administration basis, and that each activity would need analysis of tasks from processing information up through policy formulation, Table 1 provides a general breakdown and guidance by spectrum management function.

Contracts that bind a company to the administration, should assure an agreed and documented workflow for the company. This means that any change in contract requirements should form the subject of an additional clause to the initial contract. Therefore use of contracting may limit the administration’s management options. The company’s remuneration could comprise a fixed sum related to deployment of equipment and staff, and a variable sum, that increases as a function of the amount of activity. Bonus mechanisms can also be added based on performance. Remuneration for some activities, such as the processing of licenses, could be linked to fees charged for those activities.

4.5
Summary

A number of administrations have implemented and gained experience with various forms of support to the national spectrum managers. These methods have potential for saving government financial or human resources, increasing the efficiency of spectrum use, improving the efficiency of the frequency assignment and coordination, and supplementing the expertise of the national spectrum manager. Therefore, in seeking ways to provide an effective national spectrum management system, administrations should consider these approaches.

TABLE  1

GENERAL  BREAKDOWN  AND  GUIDANCE  BY  SPECTRUM  MANAGEMENT  FUNCTION*

	Function
	Activity
	Contracting
	Reason
	Privatization
	Reason
	Notas

	Regulation, policy, planning and allocation
	Policy
	Limited to developing of policy. Policy decisions restricted to the government
	National policy a government matter
	No
	National policy a government matter
	

	
	Planning
	Limited to developing of plans. Planning decisions restricted to the government
	National plans a government matter
	No
	National plans a government matter
	At least one administration has chosen to sell pieces of spectrum, thereby yielding part of their spectrum management authority for those bands

	
	Allocation
(national and
International)
	Limited to development of advice on allocations. Allocation decisions restricted to the government
	Spectrum allocation a government matter
	No
	Spectrum allocation a government matter
	At least one administration has chosen to sell pieces of spectrum, thereby yielding part of their spectrum management authority for those bands

	Frequency assignment and licensing
	 
	Limited to staff support
	Frequency assignment a government matter
	Yes, limited to frequency coordination
	Frequency authorization remains a government matter
	


	Standards, specifications and Equipment authorization
	Standards and specifications
	Staff support
	Can be used to support government activity
	Many standards can be set by the user community
	
	

	
	Equipment authorization
	Staff support
	Can be used to support government activity
	Some forms of equipment authorization could be handled by the users
	Some equipment authorizations could be set by the user community
	


TABLE  1  (continued)
	Function
	Activity
	Contracting
	Reason
	Privatization
	Reason
	Notas

	Spectrum control
	Enforcement
	Limited to staff support
	Regulatory authority needs to remain with the government
	No
	Regulatory authority needs to remain with the government
	

	
	Monitoring
	Yes, if overseen or verified by the government
	
	Yes, if overseen or verified by the government
	
	Teams performing this activity could be overseen by a person from the administration but staffed in general by a private company. Vehicles and other equipment could belong to the company. The overall deployment and operation of the monitoring system could be the responsibility of the private company under contract.
Specific monitoring activity
–
Define the equipment capability to be installed for the teams in charge of interference resolution/mobile or fixed direction finding, etc., as well as availability of personnel from the private company assigned to this task
–
Define and lead the tasks of these teams
–
Define the monitoring coverage requirements of the territory by mobile or fixed stations and the measurements to be made 

The fixed stations would remain the property of the company or could, in the long term, become the property of the administration, the highly specialized maintenance function remaining contracted
–
Define the monitoring system – general function and database interface
–
Define and execute monitoring procedures
–
Define the penalties in the event of non‑observance of the contract by one or the other parties


	
	On‑site monitoring
	Yes, if overseen or verified by the government
	
	Yes, if overseen or verified by the government
	
	

	
	Resolution of interference
	Yes, if overseen or verified by the government
	
	No
	Authority to determine responsibility lies with the government
	


TABLE  1  (end)
	Function
	Activity
	Contracting
	Reason
	Privatization
	Reason
	Notes

	Spectrum control (cont.)
	Interference
location
	Yes, if overseen or verified by the government
	
	Yes
	
	

	International cooperation
	International organization participation
	Yes, with government involvement
	
	No
	Inter-governmental responsibility
	

	
	Assignment coordination
	Limited to staff support
	
	No
	Inter-governmental responsibility
	

	Liaison and consultation
	
	No
	The purpose of performing these functions is for the government to contact those outside the government. No benefit is gained by doing it through a third party
	No
	The purpose of performing these functions is for the government to contact those out​side the govern​ment. No benefit is gained by doing it through a third party
	

	Spectrum engineering support
	
	Yes
	
	No
	Directly linked to other government responsibilities
	

	Computer support
	
	Yes
	
	No
	Directly linked to other government responsibilities
	

	Administrative and legal support
	Administrative
	Yes for many administrative functions such as invoicing, budgeting
	
	No
	Directly linked to other government responsibilities
	

	
	Legal
	No
	Government legal personnel must be independent of outside interests 
	No
	Government legal personnel must be independent of outside interests
	

	*
The terminology used here with respect to spectrum management functions is consistent with the presentation given in the Handbook of National Spectrum Management, Radiocommunication Bureau, Geneva 1995.


CHAPTER  5

ADMINISTRATIONS’  EXPERIENCE  REGARDING  THE  ECONOMIC
ASPECTS  OF  SPECTRUM  MANAGEMENT


5.1
Experience with auctions and transferable property rights
During the 1990s, some countries have used auctions to assign licences. (For a discussion of auction types and design, see [McMillan, 1994].) Additionally, a few of these countries have recently introduced limited systems of transferable property rights, wherein licences to use spectrum may be sold to other parties.

5.1.1
Australia

In Australia, the Spectrum Management Agency (SMA) in its role of managing the spectrum is pursuing objectives which include promoting economic efficiency, encouraging technological change and expanding freedom of choice. It has sought to develop an efficient, equitable and transparent system of charging for the use of spectrum, and to ensure an acceptable return to the community. To balance these potentially conflicting objectives, the SMA has had to adopt a number of innovative approaches to managing spectrum. Its auctions and transferable property rights approaches are outlined below.

5.1.1.1
Making use of price as a tool in assigning licences

The radio frequency spectrum represents a scarce community resource, and in some frequencies, especially those capable of producing high future revenue for licensees, the possibility exists for high economic rents to be gained by the initial licensees. In attempting to capture these economic rents for the general community the SMA has successfully conducted three price-based assignments using an “open‑cry” (English) auction style process. The auctions were used to assign multipoint distribution station (MDS) apparatus licences, which are capable of being used for pay TV, in the major population areas of the country. The licences, situated in the 2 GHz band, recouped in excess of A$100 million for the government and the bid prices paid reflect the future revenue gains that the market considered were capable of being achieved by the successful bidders.

5.1.1.2
Introducing a new form of licensing: the spectrum licence

The market system is based on the principle that direct marketing of spectrum will result in more efficient spectrum use. Under the market system, users of spectrum will make decisions on their spectrum access recognizing the pressures of demand and supply. To facilitate a more market-oriented approach to spectrum allocation and management, the SMA is introducing a new type of licence, analogous to a property right, called a spectrum licence. Spectrum licensing, instead of focusing on equipment and its uses (which in turn defines the area covered and the frequency bandwidth used), authorizes the use of spectrum within specified limits of frequency bandwidth and coverage area. Under spectrum licensing, licensees will have the flexibility to change their equipment, antenna, siting, in fact any aspect of their use of spectrum, provided they comply with the core technical conditions of the licence, and any coordination requirements. A spectrum licence is tradeable and provides explicit rights for a fixed period up to ten years. Users will be able to adjust the amount of spectrum they wish to use and the type of use they make of that spectrum in response to commercial incentives brought about by the price of spectrum access.

This new licence type, which complements rather than replaces traditional apparatus licensing, is to be allocated using price‑based allocation methods. The SMA recently completed its first simultaneous multiple round auction for spectrum licences in the 500 MHz band.

Together with licence fees, the reforms being implemented by the SMA represent a fundamental shift in spectrum management in Australia. Market forces have been given a much greater role in spectrum assignment and use, and so far the initiatives taken have proven to be successful in promoting the SMA’s primary objective of facilitating access to, and use of, the radio-frequency spectrum.

5.1.2
Canada

The Canadian Radiocommunication Act was amended in June 1996 to provide the explicit authority for the use of spectrum assignment auctions in appropriate circumstances. In June 1998, Industry Canada announced that spectrum in the 24 GHz and 38 GHz bands would be the subject of Canada’s first spectrum auction. The policy and rules were pub​lished in May 1999. A simultaneous multiple round auction of 354 licences (one 400 MHz licence in the 24 GHz band, one 400 MHz licence in the 38 GHz band, and four 100 MHz licences in the 38 GHz band in each of 59 geographic areas across Canada) will commence in October 1999. The auction will be run remotely over the Internet.

The licences will be transferrable to eligible third parties after the auction and will have ten-year terms with a high expectation of renewal after the initial ten-year term.

5.1.3
The Russian Federation’s experience with auctions

With a view to improving the mechanism for charging for use of the spectrum, in February 1999 the Government of the Russian Federation adopted a decree stipulating that “after the entry into force of this decree, in respect of organizations applying for a licence or other authorization to use the radio‑frequency spectrum for the provision of cellular telephone services in bands above 1 800 MHz and television programme distribution services using MMDS, LMDS and MVDS type systems, charges for use of the spectrum will be determined on the basis of the results of competitions for such licences or authorizations conducted under the procedure set by the Government of the Russian Federation” (see Note 1).

NOTE 1 – MMDS: multichannel multipoint distribution system, LMDS: local multipoint distribution system, MVDS: multipoint video distribution system.

In order to define the mechanism for competitive bidding, regulations were also adopted on the competitive award of licences for activities associated with the provision of these types of service. These regulations set forth the competitive procedure, conditions governing participation in the competition, financial arrangements and specifications for the issuing of licences on the basis of the results of the competition.

For the purpose of organizing and conducting competitions, the State Committee for Telecommunications of the Russian Federation (Gostelekom):

–
forms a commission, decides on its composition and, where necessary, attaches to it the necessary independent experts;

–
sets the amount of the minimum bid, based on the average annual income and profitability of cellular communication networks. The minimum bid will constitute the minimum annual charge for operations associated with the provision of cellular telephone services using radio frequencies;

–
organizes the preparation and publication of an information note on the holding of competitions;

–
receives applications from persons intending to take part in the competitions (hereinafter referred to as “candidates”), entering them in the register of applications in the order of receipt, with a corresponding registration number and an indication of when the documents were tendered (date, month, time in hours and minutes);

–
verifies that the documents submitted by candidates are in due and proper form;

–
organizes the receipt of deposits (in the amount of the designated minimum bid) from candidates.

The commission fulfils the following functions:

–
examines the information transmitted by Gostelekom (or its representative) on applications received;

–
examines the information transmitted by Gostelekom (or its representative) on the payment of deposits received from candidates and other documents and verifies their conformity with the requirements of Russian law;

–
upon expiration of the deadline for receipt of applications, on the basis of the information on applications received transmitted by Gostelekom (or its representative), draws up the official list of applications received;

–
makes a decision on whether or not to allow candidates to take part in the competition and draws up the official list of participants in the competition;

–
draws up the official record of the results of the competition.

Participation in the competition is open to businesses and individuals who have submitted an application to participate in the competition by the deadline, have submitted in due and proper form the requisite documents listed in the information note published concerning the holding of the competition, and have deposited the requisite sum of money within the specified time‑limit.

An application to participate in the competition from a candidate is deemed to constitute an expression of intent to take part in the competition under the conditions set in the regulations and published in the information note on the holding of the competition. The application form is endorsed by Gostelekom.

The deposit indicated in the information note pertaining to the competition will be transferred to one of the accounts indicated in the information note after submission of the application form. The number of the application will be indicated on the payment order.

Confirmation of receipt of deposits in the accounts opened with participating banks: Confirmation of the deposit must be provided to the commission before candidates are recognized as participants in the competition. A candidate assumes the status of participant when the members of the commission sign the official list of participants in the competition.

In order to determine the winner of the competition, the chairperman of the commission opens the bid envelopes in the presence of the members of the commission and representatives of the candidates and announces the proposed amounts of the annual payment. The highest bidder wins. In the event of identical bids, the winner shall be the candidate that submitted its bid earlier.

The deposits of participants who do not win the competition are returned to them within 15 days after identification of the winner of the competition.

Upon receipt of the transfer of the full annual payment (equal to the winning bid) from the winner to the account indicated in the information note, the State Committee for Telecommunications of the Russian Federation grants the licence under the established procedure.

The annual charge payable by the winner of the competition is distributed as follows:

–
80% as income to the federal budget, to be used in equal proportions to finance the Ministry of Defence of the Russian Federation (to cover expenses associated with releasing frequency bands) and the Russian Space Agency.

–
10% as income to the budget of the unit of the Russian Federation in whose territory the licence is valid (if the licence covers the territory of several units of the Russian Federation, the amount is divided among them proportionate to their populations).

–
10% to Gostelekom to cover expenses incurred for licensing and the holding of competitions, for registration of radio frequencies and for monitoring services.
5.1.3.1
A method for determining the minimum bid based on an evaluation of the “shadow price” of the radio‑frequency spectrum

While the Russian Federation has not actually conducted an auction the administration has developed a method for determining the minimum bid [Bykhovsky et al., 1998]. The proposed method hinges on an evaluation of the income index of the mobile communication network as a function of the system bandwidth. This income index provides a gauge of the annual effect of investment in the project with regard to a particular monetary unit, in this case USD 1.

The basic data required to carry out the analysis may be divided into three groups:

–
data pertaining to the network’s frequency plan;

–
parameters defining the required volume of investment to set up the network;

–
parameters defining income from operation of the network.

In the following example the technical parameters of a GSM cellular network are used. Nevertheless, the method can be applied to other cellular and trunking network standards.

a)
Number of base stations (BS) in the mobile network as a function of the bandwidth
The first group of basic data includes the parameters shown in Table 2, which are used to determine the following key parameters of the mobile communication network:


N:
cluster size


C:
number of BS that have to be installed in a town


nc:
number of telephone channels.

TABLE  2

	Symbol
	Parameter
	Calculated value

	F
	Bandwidth for the mobile network in the service area
	2-25 MHz

	Fk
	Channel bandwidth of the mobile network system (for NMT, AMPS‑D and GSM systems, Fk  25, 300 and 200 kHz, respectively)
	0.2 MHz

	M
	Number of sectors served in one cell (M  1 for (  360; M  3 for (  120; M  6 for (  60, where ( is the width of the BS antenna radiation pattern)
	1-6

	n(
	Number of subscribers that can use one frequency channel at the same time (for NMT, AMPS‑D and GSM systems, n(  1, 3 and 8, respectively
	8

	N(
	Number of subscribers to be served by the cellular mobile network in a town
	10 000-150 000 people

	(
	Activity of one subscriber at peak traffic times
	0.025 E

	P(
	Permissible probability of call blocking in the mobile network
	0.1

	(0
	Required protection ratio for mobile network receivers (for NMT, AMPS‑D and GSM systems, (0  18.9 and 9 dB, respectively)
	9 dB

	Pt
	Percentage of time during which the signal/interference ratio at the input to the transmitter in the mobile network is allowed to fall below the protection ratio, (0
	10%

	(
	Parameter determining the range of random variations in the received signal level at the place of reception (for mobile network systems, (  4-10 dB)
	6 dB


A procedure [Bykhovsky, 1993] for determining the basic parameters of a cellular mobile network is as follows:

–
Total number of frequency channels in a cellular mobile network in a town:

nk    int(F / Fk )


where int(x) is the integer part of the number x.

–
Required cluster size for given values of (0 and PT:


[image: image2.wmf]p

=

s

r

-

b

¥

ò

2

d

e

100

)

(

2

2

)

/

1

log(

10

(

0

t

N

p

t

p

e



where p( N ) is the percentage of time during which the signal/interference ratio at the mobile station receiver input falls below the protection ratio (0. The values (e and (p depend on the parameters 
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 ( and M. The value of p( N ) decreases as N increases. For given values of (0, ( and M = 1, 3 and 6, values of p( N ) are calculated for a number of values of N (i.e.: q ). The value of N for which the condition p( N ) ( Pt is fulfilled is taken as the cluster size for the mobile network.

The parameters (e and (p used in the equation for p( N ) are determined using the following expressions:
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Here,   (0,1 ln(10)) and the values  and (i depend on M and may be found using the following formulae:
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where:
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–
Number of frequency, ns, and telephone, nc, channels used to serve subscribers in one sector of one cell:
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–
Admissible telephone traffic in one sector of one cell (E):
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–
Number of subscribers served by one BS for a given value of blocking probability:
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–
The number of BS in the cellular network is determined as follows:
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Thus, the proposed method enables the calculation of the required number of base stations and number of channels for a given network’s performance parameters and a given projected number of subscribers.

b)
Determination of expenditures for establishment of a mobile network
The basic data in the second group are shown in Table 3.

TABLE  3

	Symbol
	Parameter
	Calculation value

	Kh
	Average hourly rate of an installer
	3 (USD/h)

	KBS
	Price of a typical single-channel BS installation
	USD 230 000

	KE
	Cost of one receiving/transmitting unit
	USD 11 000

	A1
A2
	Fixed portion of cost of connection links, independent of link length
	For digital radio-relay


USD 351/channel

USD 176/channel

	B1
B2
	Variable portion of cost of connection links dependent on link length
	For digital radio-relay


USD 23/channel km

USD 12/channel km


Expenditures comprise five components and are determined as follows:
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where:


K1 :
cost of construction and assembly work


K2 :
cost of BS equipment


K3 :
cost of establishing a switching centre (SC)


K4 :
expenditure for purchasing software and technical facilities for billing systems


K5 :
cost of establishing communication links between BS and SC.

Construction and assembly costs, K1, are determined on the basis of statistical data [Boucher, 1992 and 1995] on the labour consumption of the various stages of work. These costs are proportional to C, which is the number of BS in the mobile network, and may be determined by the equation:
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Capital costs for BS equipment are determined by the equation:
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where (  ns) is the number of frequency channels in one cell.

The cost, K3, of establishing the SC of a mobile network is determined from the data in Table 4 on the basis of the number of subscribers in the network.

TABLE  4

	Required number of telephone channels in the network
	Switching centre costs K3
(USD)

	
	Analogue
	Digital

	Na  (  500
	300 000
	3 500 000

	Na  (   2 000
	500 000
	3 600 000

	Na  (  10 000
	1 300 000
	4 000 000

	Na  (  50 000
	3 000 000
	5 000 000


The cost K4 is determined from the data in Table 5. Calculations are made for the case in which the mobile network uses a very simple billing system for 10 000 subscribers that can be expanded as required as the number of subscribers increases.

TABLE  5

	Type of system
	Cost K4
(USD)

	Simple system for 5 000 subscribers
	130 000

	Simple billing system for 10 000 subscribers
	240 000

	System with additional capabilities up to 10 000 subscribers
	750 000

	System with additional capabilities up to 100 000 subscribers
	1 400 000


For determining the costs of establishing communication links between the BS and SC, the number of communication links, Nck, needed to connect one BS to the SC can be calculated. In cellular mobile networks, two types of communi​cation links can be used, with a capacity of 60 or 30 telephone channels (with a transmission speed of 2 or 4 Mbit/s). The required number of communication links with a capacity of 30 telephone channels is as follows:
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In order to reduce the capital outlay for BS-SC connections, communication links of type 1 should be used as much as possible. The number of such links will be:
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If N30 is an even number, then the given number of type 1 communication links is sufficient for BS‑SC connections. If it is an odd number, one more communication link with a capacity of 30 telephone channels is required. Thus, for BS-SC connections, N1 communication links of type 1 and N2 communication links of type 2 are required.

Unit costs for one telephone channel with type 1 or type 2 links of length Li are determined by the equation:
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where A1, B1, A2 and B2 for cable, optical and radio-relay links may be determined on the basis of statistical data.

The cost of establishing communication links between the i-th BS and the SC is:
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where:


[image: image22.wmf]2

2

1

1

2

2

1

1

30

60

30

60

B

N

B

N

B

A

N

A

N

A

´

´

+

´

´

=

´

´

+

´

´

=


The total cost of establishing communication links to connect all base stations to the switching centre may be determined by the following equation:
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where 
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 is the average length of all BS-SC connection links. The length of these links may vary from 5 to 25 km. If the mobile network’s coverage area is assumed to be a circle and base stations are uniformly distributed throughout this area, then:
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Figure 2 shows capital expenditure K as a function of the bandwidth, F, and the number of subscribers to be served, Na. It reveals that the operator can reduce the necessary expenditure for the establishment of a network quite significantly by using a wider bandwidth, i.e. making less efficient use of the spectrum.
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c)
Determination of the discounted income index of a mobile network project
Table 6 shows a set of calculation parameters based on statistical data and standards used in Russia:

TABLE  6

	Symbol
	Parameter
	Calculation value

	N0
	Initial number of subscribers in the mobile network
	300 subscribers

	T1
	Tariff per minute for the lease of a channel in the public network
	USD 0.05/min

	X
	Coefficient characterizing the proportion of calls entering the public network
	0.7

	KPH
	Traffic concentration coefficient characterizing the proportion of average daily traffic occurring during the busy hour; this is the ratio of busy-hour call time and mean daily call time
	0.18

	
	Activity of the subscriber during the busy hour
	0.025

	P1
	Mean one-time payment for connection to the network
	USD 200

	P2
	Mean monthly subscription fee
	USD 50/month

	P3
	Mean call rate
	USD 0.35/min

	n
	Licence period
	10 years

	
	Rate of national profit tax
	0.38

	En
	Discount rate, equal to the average annual bank rate
	0.1


When determining the operator’s income and annual expenditure, it must be borne in mind that the number of network subscribers constantly varies through time according to a specific equation, Na(t ), which may be calculated based on statistical data on the development of mobile networks. For cellular mobile networks being developed in Russia, this may be expressed as follows:
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Table 7 gives data on the evolution in the number of subscribers to GSM standard networks in Russia, together with the correspondingly calculated values of k:

TABLE  7

	Year
	1994
	1995
	1996
	1997
	1998-2005

	k
	0
	1
	2
	3
	4-11

	Nak  Na(k )
	2  103
	13  103
	53  103
	132  103
	Na11  2  106

	k
	0
	1.87
	1.48
	0.92
	0.34


Current annual expenditure, Zk, comprises three components:
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where:


Z1k :
annual expenditure for operation, amortization, equipment maintenance, administrative costs, salaries, share dividends or interest on loans, payments for public utilities, land rental. On the basis of statistical data, the following approximation may be used:
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Z2k :
annual expenditure for maintenance of the billing system, which may be taken as:
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Z3k :
annual expenditure for the lease of public network channels for one year (12 months).
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The value of YM, the monthly traffic for one subscriber, is the number of minutes per month during which a subscriber occupies a communication channel, and is determined by the equation:


[image: image32.wmf]PH

M

K

Y

/

4

.

30

b

´

=


Income from operation of a mobile network varies with the number of subscribers using the network’s services. It is calculated by the following equation for k years of operation:
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where


D1k :
income from one-time payments for connection to the mobile network for k years of operation, which directly includes: connection fee, guarantee deposit, access number, use of local public network operator’s line, sales mark-up for subscriber equipment, as follows:
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It should be noted that the operator receives income, D1k, from network subscribers in a single payment.


D2k :
income from monthly subscription fees


D3k :
income from monthly call fees.

Using the above relationship, Na(t ), we determine D2k and D3k as follows:
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In order to evaluate the economic efficiency of the operation of a mobile network, the discounted income index, ID, is calculated as the ratio of the sum of discounted net profit of the project to overall capital expenditure.

The current worth of future income is determined using the discounting index (1  En), where the value of En is taken as the mean annual bank rate. Thus:
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On the basis of the results obtained, the discount rate for the project may be calculated:
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Discounted income is calculated as an annual amount relative to one dollar of investment in the project.

The relationship between a cellular mobile network operator’s discounted standard profit and bandwidth F, the number of subscribers served, Na, and the number of sectors served, M, is shown in Fig. 3. The graph reveals that an operator can make additional profit by using additional bandwidth. When determining the minimum bid, one fundamental principle must be to give operators an incentive to make more efficient use of the radio‑frequency spectrum.
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d)
Calculation of the minimum bid
Table 8 gives values of minimum bids for GSM cellular mobile network operators calculated according to the described method. It should be pointed out that this example is given as an illustration. In the calculations, the profit standard for an operator set by the State for mobile communication enterprises is Er  1.25; and six sector antennas are used in each network. It is assumed that operators are allocated a bandwidth of 5 or 10 MHz.

The minimum bid is calculated by the equation:
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where Dpr is the net profit of the operator during the licence term.

TABLE  8

	Number of subscribers in network, Na (persons)
	75 000
	150 000
	300 000

	Bandwidth (MHz)
	5
	10
	5
	10
	5
	10

	T (millions of USD)
	1.08
	1.68
	0.93
	2.1
	0
	1.73

	NOTE 1 – The values of minimum bids should be refined on the basis of a market analysis for each specific case.


5.1.4
New Zealand

Most administrations that have begun applying market‑based approaches continue to allocate spectrum based on consideration of national priorities, and have applied market approaches only to licensing within an agreed allocation. New Zealand, however, has applied a broader market‑based approach to use of some frequency bands where the impact is limited to a national, rather than an international, scale.

In 1990, New Zealand introduced legislation to establish a regime of spectrum property rights. A “management right” to a frequency band enables the owner of that right to create licences to use frequencies within the band. The key differences introduced by this new procedure are that a licence is given a legal status in respect to transmission and interference, it has a tenure up to 20 years, and the licence becomes legally tradeable. Though a specific application is not required, the technical limitations of the licence provide inherent limitations on the nature of use. This concept has been applied in the following bands:

526.5‑1 606.5 kHz
Management rights retained by the Government and MF‑AM broadcast licences created and tendered


International coordination based on ITU Region 1/3 LF/MF plan

88‑100 MHz
Management rights retained and VHF‑FM broadcast licences created and tendered

518-582 MHz and 646‑806 MHz
Management rights retained and UHF‑TV broadcast licences created and tendered

825‑835 MHz and 870‑880 MHz
Management rights tendered suitable for cellular telephony or other services

835‑845 MHz and 880‑890 MHz
Management rights transferred under transitional provisions of the legislation

890‑960 MHz
Management rights tendered in form suitable for two cellular operators or other services

2 300‑2 396 MHz
Management rights tendered in 12 bands of 8 MHz.

Work is underway to create management rights for Band I and Band III (television). A review of the band 1.7-2.3 GHz is being undertaken, with a view to establishing suitable spectrum blocks for personal communications services (PCS) development. Concurrent with this will be a move to define this spectrum for ultimate transfer to “management rights”, using the tendering/auctioning process.

New Zealand has held a number of spectrum auctions, including simultaneous multiple round auctions. In its experience, the auctioning/tendering process requires careful consideration and planning. It should not be seen as the panacea for all spectrum issues and indeed much spectrum cannot be considered for this process. Consideration should also be given to the need to ensure actual use of spectrum after it has been auctioned by some sort of “use or lose legislation”, which might be required to ensure that spectrum is not hoarded to prevent competition taking place.

When developing a suitable auctioning regime, early consideration needs to be given to the extent of possible participants. For example, will it be open to overseas companies/organizations? This decision may impinge on strategic planning, and any exclusion of such entities needs to be clearly stated up front.

5.1.5
United States of America

5.1.5.1
Authority

In the United States of America, spectrum management functions are divided between the Federal Communications Commission (FCC) and the National Telecommunications and Information Administration (NTIA). The FCC is tasked with managing non-Federal Government use of spectrum, including use by the private sector and local and state governments. The NTIA is authorized to manage Federal Government agencies’ spectrum use, including the military. The U.S. Congress gave the FCC authority to issue licences via auctions in 1993. This authority is limited to using competitive bidding in instances where mutually exclusive applications have been received and where the principal use of the spectrum is reasonably likely to involve the receipt by the licensee of fees from subscribers in return for enabling those subscribers to receive or transmit communications signals. In granting the FCC auction authority the U.S. Congress sought to promote the following objectives:

“(1) the development and rapid deployment of new technologies, products, and services for the benefit of the public, including those residing in rural areas, without administrative or judicial delays;

(2)
promoting economic opportunity and competition and ensuring that new and innovative technologies are readily accessible to the American people by avoiding excessive concentration of licences and by disseminating licences among a wide variety of applicants, including small businesses, rural telephone companies, and businesses owned by members of minority groups and women;

(3)
recovery for the public of a portion of the value of the public spectrum resource made available for commercial use and avoidance of unjust enrichment through the methods employed to award uses of that resource; and 

(4)
efficient and intensive use of the electromagnetic spectrum.”

In granting authority to use competitive bidding, the U.S. Congress also specified that the use of competitive bidding: 

“(1)
shall not alter spectrum allocation criteria and procedures;

(2)
shall not be construed to relieve the FCC of the obligation in the public interest to continue to use engineering solutions, negotiation, threshold qualifications, service regulations, and other means in order to avoid mutual exclusivity in application and licensing proceedings.”

The U.S. Congress further specified that the FCC cannot make allocation or service decisions based on the expectation of public revenue from auctions.

The majority of the proceeds from auctions conducted by the FCC are deposited in the general U.S. treasury. The FCC is permitted to retain only that portion of the auction proceeds necessary to pay for the cost of holding the auctions. This portion is well under 1% of the revenues generated by auctions. Generally, the licences that have been issued pursuant to auction are for a ten-year period, and it is intended that after this period the licence would be renewed if the licensee has complied with applicable FCC rules and has provided substantial service. 

The following are services that have been licenced in the United States of America pursuant to auctions.

5.1.5.2
Personal communications services (PCS)

PCS providers are expected to give the public new communications capabilities by providing a variety of mobile services to compete with existing cellular, paging and other land mobile services. These services will be provided via a new generation of communications devices with two-way voice, data and/or message capabilities. These devices include small, lightweight, multi-function wireless phones, portable facsimiles and other devices. PCS is composed of several distinct categories, two of which are narrow-band PCS and broadband PCS. 

The FCC held its first auction in July 1994, auctioning 11 nationwide licences to provide narrow-band PCS in the 900 MHz band. Narrow-band PCS can be used to provide new services such as voice message paging, two-way acknowledgment paging in which a subscriber can receive a message and transmit a response back to the sender, and other data services. Licences for narrow-band PCS may cover the entire nation (nationwide licence), large regions (regional licence), or smaller areas. Of the nationwide licences, five are 50/50 kHz paired, three are 50/12.5 kHz paired, and three are 50 kHz unpaired.

From 26 October through 8 November, 1994, the FCC auctioned 30 regional narrow-band PCS licences: six licences in each of five regions of the United States of America. Two licences in each region are 50/50 kHz paired and the remaining four are 50/12.5 kHz paired.

In December 1994, the FCC held its first auction of licences to provide broadband PCS in the 2 GHz (1 850‑1 990 MHz) band. Broadband PCS encompasses a variety of mobile and/or portable radio services, using such devices as small lightweight, multifunction portable phones, portable facsimile machines, and advanced devices with two-way data capabilities, that are expected to compete with existing cellular, paging and other land mobile services.

The 1 850-1 990 MHz band was divided into six licence blocks. Licence blocks A, B, and C are each for 30 MHz of spectrum (two paired 15 MHz-wide segments). Licence blocks D, E, and F are each for 10 MHz of spectrum (two paired 5 MHz-wide segments). (Note that all six blocks combined contain 120 MHz of spectrum. The other 20 MHz (1 910‑1 930 MHz) in the 1 850-1 990 MHz band is used by unlicensed PCS services.)

Licences for blocks A and B cover regional major trading areas (MTAs). There are 51 MTAs that, combined, cover the entire United States of America and its territories. Licences for blocks C, D, E, and F cover basic trading areas (BTAs). BTAs are components of MTAs, and there are 493 BTAs that combine to cover the entire United States of America and its territories. MTAs and BTAs are economic trading areas based on designations contained in the Rand McNally Commercial Atlas and Marketing Guide.

In the auction beginning in December 1994, the FCC auctioned licences in both frequency blocks A and B in 48 MTAs. In the other three MTAs, only the block B licence was auctioned. In those three MTAs (New York, Los Angeles, and Washington-Baltimore), the block A licence was previously awarded under the FCC’s pioneer’s preference rules. Thus, a total of 99 licences were auctioned. Thirty bidders qualified to bid in the auction and the auction lasted more than 112 rounds before concluding in March 1995.

The FCC began auctioning licences for broadband PCS block C in the 493 BTAs in December 1995. Unlike the MTA auction, bidding credits and installment payment plans were available to small entities for Block C. The auction concluded in May 1996 after 184 rounds. Auctioning for broadband PCS blocks D, E and F began in August 1996 for 153 bidders who qualified to participate for 1 479 different licences. Bidding credits and installment payment plans were available for block F only. The auction concluded in January 1997 after 276 rounds.

Although PCS is a new service, the spectrum that it occupies was previously allocated and licenced to a variety of fixed service (point-to-point) microwave users, including public safety services. Therefore, it is necessary either to move the incumbent microwave systems to another frequency band or to provide for their communications needs through some alternative means, such as cable. In establishing the PCS service, the FCC determined that the fastest and fairest way to make this transition was to have the new PCS licensees pay to move the microwave users out of the band. The FCC therefore established a procedure whereby the new PCS licensees and the incumbent microwave users have a certain period to negotiate the terms of the reaccommodation. In any event, however, the microwave users must vacate the band as of a certain date and cannot therefore prevent implementation of the new services.

5.1.5.3
Interactive video data service

The FCC held its second auction, for 594 interactive video data service (IVDS) licences, during July 1994. IVDS is a two‑way communications service in the 218-219 MHz band. Licences are for a ten-year period, and consist of two 500 kHz licences in each of 297 metropolitan statistical areas (MSAs), which are essentially the urbanized areas of the United States of America. In each market, both licences were available for auction at the same time, with the highest bidder given a choice between the two available licences and the second highest bidder winning the remaining licence. The FCC auctioned all 594 licences within two days.

5.1.5.4
Specialized mobile radio (SMR) service

The SMR service is a land mobile radio service that provides dispatch, voice, and data services to commercial businesses and specialized users, although licensees are also permitted to provide service to the general public. The SMR service operates in both the 800 MHz and 900 MHz bands. 

The FCC established the SMR service in the 800 MHz band in 1974 as a private land mobile radio service intended as a spectrally efficient method to provide dispatch radio service to businesses and other users that qualified as private radio users. Originally, applicants were limited to a relatively small number of channels to be located at a single base station. Coverage and service options were therefore limited. These licences were issued on a first-come, first-served basis, with a lottery used to resolve instances of mutual exclusivity. Over the years, however, the demand for this service increased and the rules limiting eligibility and licensing were gradually reduced. SMR providers today offer a range of services from traditional radio dispatch for local customers to more sophisticated voice and data transmissions for customers over large geographic areas. SMR licensees, in recent years, have been authorized to expand the geographic scope of their services and aggregate large numbers of channels to provide service more directly comparable to cellular radio and PCS. In October 1994, the FCC proposed to issue 800 MHz SMR licences based on FCC-defined service areas and subject to competitive bidding. The 800 MHz band will be the subject of a future auction.

The 900 MHz SMR service consists of 5 MHz of spectrum divided into twenty 10-channel blocks in each MTA. Assignments in the 900 MHz SMR service offer the potential for such competitive services as wireless data, specialized dispatch, two-way paging, and interconnected voice transmission. Licences for this service were initially issued for single transmitter sites in the 50 largest cities in the United States of America with licensees selected by lottery. Licensing, however, was suspended for a number of years, and the FCC recently restructured the service to issue area-wide licences pursuant to competitive bidding. Original licensees are protected from interference from new licensees; however, they can expand their operations only by obtaining a new licence. 

5.1.5.5
Multichannel multipoint distribution system (MMDS)

MMDS is often referred to as “wireless cable”. It offers delivery of video programming to subscribers using MMDS and/or instructional television fixed service (ITFS) channels. Only MMDS channels at 2 150-2 160 MHz and 2 596‑2 680 MHz have been auctioned. MMDS resembles cable television, but instead of coaxial cable, “wireless cable” uses microwave transmission and signals. In the past, MMDS licences have been issued for specific coordinates at which the central transmitter was located. However, the FCC recently revised the MMDS licensing procedures so that all licensees will be authorized to operate throughout particular BTAs. New licensees will be required to avoid interference within the protected area of existing MMDS operations (a 35-mile radius). The FCC stated that mutually exclusive applications that are filed for a particular BTA will be processed using competitive bidding. 

5.1.5.6
Direct broadcast satellite (DBS)

The DBS service is a radiocommunication service in which signals transmitted or retransmitted by space stations are intended for direct reception by the general public. This includes direct reception by both individuals and the community. The FCC held a very limited DBS auction for two orbital slots in January 1996. In adopting auction procedures, the FCC noted that there are characteristics of a national broadcast satellite service, such as the footprint of the satellite falling within the United States of America, that make DBS different from many other satellite services. One winning bidder received a construction permit for 28 channels and the second winning bidder received a construction permit for use of 24 channels.

5.1.5.7
Satellite digital audio radio (DAR)

The satellite DAR service is a broadcasting-satellite (sound) radiocommunication service located in the 2 320-2 345 MHz band, in which high-quality audio signals are transmitted to the Earth by satellite, either to subscribers or to the general public. The FCC held a satellite DAR service auction for two 12.5 MHz licences in April 1997. Both winning bidders plan to offer subscription-based services. Licences are for an eight-year period.

5.1.5.8
Wireless communications

The wireless communications service (WCS) is a radiocommunication service located in the 2 305-2 320 MHz and 2 345‑2 360 MHz bands. WCS licensees have the flexibility to offer a variety of fixed, mobile, radiolocation, and broadcasting-satellite (sound) services, except that broadcasting-satellite (sound) and aeronautical mobile services may not be offered at 2 305-2 310 MHz. The FCC held a WCS auction for two 10 MHz licences for each of 52 major 

economic areas (MEAs) and two 5 MHz licences for each of 12 regional economic area groupings (REAGs) in April 1997. MEAs and REAGs consist of groupings of smaller economic areas, as defined by the U.S. Department of Commerce. There are 176 economic areas that cover the United States of America and its territories. A large variety of companies won licences in the WCS auction. Licences are for a ten-year period.

5.2
Experience with fees

5.2.1
Australia’s experience with licence fees

In addition to conducting spectrum auctions and implementing a limited system of property rights, the Spectrum Management Agency (SMA) has attempted to improve the efficiency of the traditional system of licensing. Underpinning the SMA’s approach has been a fundamental restructuring of radiocommunications apparatus licence fees. In April 1995, the SMA, in consultation with industry, moved from a traditional, service-based methodology of charging for spectrum usage, to a system which charges on the basis of the amount of spectrum that a particular service denies to other users. Thus, licence fees are calculated in a more consistent and transparent manner, as opposed to the somewhat arbitrary approach that focused predominantly on the characteristics of the radiocommunications service being licenced.

Under the new apparatus licence fee structure, each licence fee generally consists of three identifiable components:

–
An issue or renewal component, reflecting the cost of issuing or renewing the licence;

–
A spectrum maintenance component, reflecting the ongoing cost of managing the spectrum, including protection from interference (a fixed percentage of the spectrum access tax (SAT) described below) and;

–
A SAT, which represents a return to the government for use of a community resource, and is based on a formula involving spectrum location, geographic location, channel bandwidth, and communications coverage area.

The calculation of the SAT represents a market demand based pricing strategy in so far as services operating in higher demand areas of the spectrum (i.e., UHF/VHF) or more densely populated geographic areas (i.e., major capital cities) attract a higher licence fee than those operating in lower spectrum demand or geographic demand areas. Furthermore, in accordance with the spectrum denial methodology, services with larger operating bandwidths attract a higher licence fee than more spectrum efficient services, thereby encouraging users to seek more technically advanced equipment that utilizes narrower operating bandwidths, or alternatively encouraging users to operate in segments of the spectrum that are in greater supply.

The SMA has also introduced measures which allow greater flexibility and certainty for users in the radiocommuni​cations market. Flexibility has been achieved by allowing licensees to transfer their apparatus licences to third parties, while greater certainty has been accomplished by permitting licensees to acquire licences for periods of up to five years.

5.2.2
Canada’s experience with licence fees

Industry Canada is in the process of overhauling its spectrum licence fee model. The existing fee regime suffers from a number of economic “disconnects” and the goal of a current review exercise is to produce a new system in which fees are equitable among users and contribute to the objectives of economic efficiency and resource rent capture.

The model is based on measuring spectrum consumption in three dimensions: bandwidth, geographic coverage, and exclusivity of use. Larger bandwidths, greater geographic coverage, and exclusive use of a spectrum assignment will all result in higher fees, whereas smaller bandwidths, lesser geographic coverage, and a willingness to share the use of a spectrum assignment will all result in lower fees. Hence, spectrum users will face an incentive to conserve on their spectrum use, consistent with the objective of economic efficiency.

Of course, two licences identical in these three dimensions may have widely divergent real values because of geographic location (see Note 1), spectrum in a major city presumably being more valuable than spectrum in the high Arctic, for example. To account for these differences, and given the difficulties inherent in trying to determine true market values in the absence of a functioning market, the concept of spectrum scarcity has been applied as a sort of proxy variable. A grid/cell pattern has been overlaid on the geography of Canada, and in each cell, the volume of spectrum consumed by all 

users in a given band is divided by the total volume of spectrum existing in that band. It is this ratio that will determine the relative levels of fees across the country. In areas where spectrum use is high, such as major cities, the spectrum scarcity measure, and as a result the licence fee, will also be high. Conversely, where spectrum use is low, such as in the high Arctic, fees will be low. Geographic information software is used to operate the model in a quick, efficient, and user‑friendly manner.

NOTE 1 – Similarly, the value of spectrum will vary across frequency bands due to differences in propagation characteristics, among other things.

5.2.3
China’s experience with licence fees

In 1989, the Radio Regulatory Department (the former Office of State Radio Regulatory Commission) of China began collecting licence fees, most of which were spent on spectrum management facilities. This spending has improved spectrum management and has contributed to the deployment of radio services. In 1998, the fee mechanism was adjusted to make fee collection formulas simpler, in order to avoid ambiguity and reduce the cost of fee collecting.

Fee collecting in China is not only regarded as a source of revenue but also an effective means of increasing the efficiency of spectrum management. The following factors are taken into consideration when setting fee levels:

–
Bandwidth used: Setting the fee level according to the amount of spectrum a user receives encourages the applicant to apply for only the necessary amount of spectrum, thus reducing hoarding.

–
Coverage area: The coverage area may be a city, a province or more than one province. For each type of coverage area, there is a different fee level.

–
Frequency: For the same service, different fees are charged, depending on the frequency band. For example, the fee per MHz for a microwave station operating above 10 GHz is only half as much as for a station operating below 10 GHz. Thus, the fee structure encourages service operators to introduce new services in less congested parts of the spectrum.

5.2.4
Germany’s experience with spectrum usage fees

The telecommunications sector in Germany is subject to the new Telecommunications Act of 1 August 1996. The purpose of the Act is, through regulation of the telecommunications sector, to promote competition, to guarantee appropriate and adequate services throughout the country, and to provide for frequency regulation.

The Regulatory Authority for Telecommunications and Posts (Reg. TP) was established as a higher federal authority within the scope of business of the Federal Ministry of Economics in order to ensure fair competition in the postal and the telecommunications market.

Frequency regulation is based on a national table of frequency band allocations, frequency usage plans and frequency assignment procedures.

The performance of spectrum management functions, including the charging of licence fees, frequency assignment fees and frequency usage contributions, is regulated by ordinances having the force of law.

In terms of the Act, frequency management means ensuring effective, interference-free use of frequencies, with regard also to broadcasting requirements.

The spectrum usage fees comprise license fees, frequency assignment fees and frequency range contributions. The fees shown in § 5.2.4 are calculated for the year 2000 and are revised on an annual basis.

5.2.4.1
Licence fees
When the network monopoly ended with the new Act the legislator’s aim was to regulate the German telecommu​nications market from this time onwards through licensing.

It is stated in the Act that a licence is required by anyone:

–
operating transmission paths going beyond the limits of a property and used for public telecommunications offerings, and/or

–
offering voice telephony over his own telecommunications network.

Licences are granted in writing by the Regulatory Authority upon request.

There are four licence classes in Germany. These licences can be termed “public licences“, as opposed to “licences for frequency assignments”. For the sake of simplification, this contribution focuses on Licence Classes 1 and 2 only:

Licence Class 1:
operation – by the licence holder – of transmission paths for public mobile radio services (mobile radio licence)

Licence Class 2:
operation – by the licence holder – of transmission paths for public satellite services (satellite licence).

The number of licences may be limited only if the frequencies designated in the frequency usage plan for Germany are not adequate for licensing needs.

Application procedure for Class 1 and 2 Licences

Applications for licences to operate transmission paths extending beyond the limits of a property and used to provide telecommunications services for the public must be made in writing, in the German language. These licences are issued by the Regulierungsbehörde für Telekommunikation und Post, Postfach 8001, 55003 Mainz, Germany.

Applicants must fulfil a number of prerequisites in order to qualify for a licence.

The information to be submitted by applicants includes the applicant's name and address, legal status of the applicant/company, licence class requested, details of the nature of the planned telecommunications service, proof of reliability, proof of efficiency, and proof of specialist knowledge.

Licence Classes 1 and 2

Licence Class 1:  Mobile radio licences for digital cellular mobile radio, trunked radio, mobile data, paging

The Posts and Telecommunications Reorganization Act, which took effect on 1 July 1989, set a new regulatory framework for promoting competition in the telecommunications sector in particular, freeing the way to liberalize the mobile and satellite radio markets. The overlap between the new mobile operators and the State monopoly created the need for special authorizations, or licences.

Digital cellular mobile radio

Two licences (D1 and D2) were issued to build and operate a nationwide mobile network to the European GSM 900 standard.

Key licence elements

–
Frequency band: 890-960 MHz.

–
Coverage obligation: between 75% and 94% of the German population.

–
Both licences valid until 31 December 2009.

Two licences (E1 and E2) were also issued to build and operate a digital national mobile network to the GSM 1800 standard.

Key licence elements

–
Frequency band: 1 710-1 880 MHz.

–
Coverage obligation: between 75% and 98% of the German population.

–
Both licences valid until 2016.

Trunked radio

Holders of these licences are entitled to build and operate regional trunked land mobile networks within a defined geographical area (licence area), and to offer mobile services to mainly closed user groups. Trunked networks – modern-day private business radio networks with their own special features – are a useful supplement to the general public mobile networks.

Key licence elements

–
Frequency band: 410-430 MHz.

–
Coverage obligation: minimum field strength of 25 dB(V/m) within the licence area.

–
Licences valid for 15 years.

Mobile data

The licence holder is entitled to build and operate a mobile data network.

Key licence elements

–
Frequency band: 416.6375-417.3625 MHz.

–
Coverage obligation: 65% population coverage in the licence area with a minimum field strength of 20 dB(V/m) and 50% time and location probability, three years after licence grant.

–
Licence valid until 31 December 2012.

Paging

Two national licences have been issued to build and operate a terrestrial paging network at 448 MHz in Germany.

Key licence elements

–
Frequencies: 448.425 MHz and 448.475 MHz.

–
Coverage obligations: between 60% and 75% population coverage with a minimum field strength of 30 dB(V/m) and 50% time and location probability, four years after licence grant.

–
Licences valid until 31 December 2001.

Licence Class 2

Satellite licences

Holders are entitled to operate transmission paths for public satellite services in Germany. This does not include the right to offer voice telephony or to operate transmission paths for mobile radio services or transmission paths for which sound or TV broadcasting frequencies need to be assigned (Section 47(3) of the TKG).

Satellite licences cover the ground segment only, in other words not the space segment, or satellite capacity. Holders without their own satellite capacity need to lease from a space segment provider. Satellite licences are granted for an unlimited period of time.

Satellite Personal Communications Services (S‑PCS)

S‑PCS licence holders are entitled to operate transmission paths for public S‑PCS in Germany. An S‑PCS licence is basically a combination of a satellite licence and a mobile radio licence, but the holder does not have the right to offer voice telephony as referred to in the TKG. S‑PCS licences are valid for 20 years.

Licence fees for Classes 1 and 2

The licence fees are specified in the Ordinance concerning telecommunications licence fees.

The Reg. TP charges fees for official acts for granting licences. The fees for Class 1 and 2 licences are calculated on the basis of the administrative expenditure occurred, in accordance with the prescribed rates.

The fees for Class 1 licences range from DM 15 000 to DM 5 million, and for Class 2 licences from DM 15 000 to DM 30 000.

5.2.4.2
Frequency assignment and fees

Each frequency usage requires prior assignment by the Regulatory Authority. Frequencies are assigned in accordance with the frequency usage plan in a non-discriminatory manner on the basis of comprehensible and objective procedures.

Fees are payable for frequency assignments within the framework of an administrative act and also for measures to counteract violations of the conditions of the licence issued under the Telecommunications Act.

Frequency assignment fees are non-recurring fees.

Assignment of a frequency may be revoked provided that use for the intended purpose of the assigned frequency is not commenced within one year of the assignment or if the assigned frequency has not been used for its intended purpose for more than a year

5.2.4.2.1
Example: private mobile radio (PMR)

A common frequency is used, for example, to exchange intra-company messages within a private company.

Network configuration: 1 base station and 5 mobile stations.

No licence fees are payable because it is not a public but a non-public service.

Frequency assignment fee

In accordance with the Frequency Fee Ordinance concerning the frequency assignment fees, the fee for frequency assignment is composed of the following elements:

–
frequency assignment fee of DM 125.00:

–
additional fee per transmitter of DM 30.00: DM 30.00  6 transmitters  DM 180.00.

The total frequency assignment fee payable is:

DM 125.00  DM 180.00  DM 305.00
5.2.4.2.2
Example: very small aperture terminals (VSATs)

Frequency assignment fee

A satellite network (satellite service for the public) is operated, for example, with 1 hub station and 20 VSATs. Each VSAT uses one frequency that is subject to coordination.

Chargeable act: assignment of a frequency subject to coordination for the operation of a satellite earth station.

In accordance with the Frequency Fee Ordinance, the fee for frequency assignment is composed of the following:

–
fee per transmitter of DM 72.00 (number of transmitting stations: 21).

The total frequency assignment fee payable is:

DM 72.00  21 transmitters  DM 1 512.00

5.2.4.3
Frequency usage contributions

The parties (e.g. user groups) which have been assigned frequencies must make an annual contribution towards the cost of maintaining spectrum management activities. For example, expenditure on the planning and updating of frequency usages, including the necessary measurements, tests and compatibility studies to ensure effective, interference-free frequency usage.

Contribution rates are such that staff costs and other expenditure associated with official acts are covered. The shares in the overall costs are allocated, as far as possible on a market-related basis, to the individual frequency allocation user groups that have been assigned frequencies. Within these groups the contribution is divided in consideration of the number and, if applicable, the bandwidth of the frequencies used, as well as the number of items of transmitting equipment operated.

5.2.4.3.1
Example: private mobile radio (PMR)

Radio service:
Non-public land mobile service (PMR)

User groups:
Private companies: exchange of intra-company messages

Unit:
Item of transmitting equipment (number of transmitters in this case: 6)

Annual contribution in accordance with the Ordinance concerning the contributions for frequency usage:  DM 27.00

The total contribution payable is:

DM 27.00  6 items of transmitting equipment  DM 162.00

5.2.4.3.2
Example: VSATs

A satellite network (satellite service for the public) is operated, for example, with 1 hub station and 20 VSATs. Each VSAT uses one frequency subject to coordination.

Radio service:
Fixed service

User groups:
Point-to-point links (e.g. banks)

Unit:
Item of transmitting equipment (number of transmitters in this case: 21)

Annual contribution in accordance with the Ordinance concerning the contributions for frequency usage: DM 174.00

The total contribution payable is:

DM 174.00  21 items of transmitting equipment  DM 3 654.00

5.2.4.4
Current procedure for calculation of frequency assignment fees and frequency usage contributions

In 1996 the Reg. TP introduced a performance and accounting system (known by the acronym LKR) with the intention of establishing a recording system and a controlling instrument for the calculation of frequency assignment fees and contribution-related costs (staff costs and other expenditure).

The idea – based on the new German telecommunication legislation – was to develop a tool which offers the possibility to carry out real calculations instead of estimations in terms of fees and contributions.

With the introduction of the LKR a step was made towards the development of performance and cost transparency within the Reg. TP.

Public administrations normally have a “monopoly” in the tasks they carry out but must maintain public accountability by achieving performance transparency, cost transparency and cost efficiency. This requires the development and introduction of a performance and accounting system as a modern tool to ensure economic-based work in a public administration. In this relation it is the goal in the Reg. TP to assign and to allocate costs totally to the corresponding cost causer.

The definition of cost units (e.g. user groups) as the smallest unit in the performance structure of the Reg. TP is the basic element of the whole LKR concept.

A module called “expense record” was developed which allows the direct assignment of upcoming costs with regard to the most important categories of staff costs, costs for measurement equipment as well as costs for cars for individual transport and for vans of the monitoring service.

The expense record is carried out by using a worksheet which has to be filled in by the employees who worked in the relevant performance range.

The expense record contains on a daily basis precisely (accuracy-limit of time is equal to half an hour) the duration of the period needed for the accomplishment of the specified tasks in the framework of a monthly evaluation 

The figures given in the above-mentioned examples have been calculated by means of the LKR system.

The Telecommunications Act forms the basis for the calculation and stipulation of frequency assignment fees and frequency usage contributions.

A distinction must be made between frequency assignment fees and frequency usage contributions (and licence fees).

5.2.4.4.1
Calculation of frequency assignment fees

Frequency assignment fees are calculated on the basis of firstly the costs according to the cost accounting data and secondly statistical data (e.g. number of new frequency assignment applications, changes in frequency assignments, frequency assignment waivers).

Under the cost accounting method, all fee-related costs (staff costs and other expenditure) are recorded and allocated according to service and user group on a daily basis.

A number of spectrum management functions carried out by the Reg. TP do not lead to an income. For this reason the cost coverage cannot be 100%. However, the record and the evaluation of the free-cost spectrum management functions (specified in the Ordinance of frequency usage contributions) and for other authorities (e.g. Ministry of Defence) provides the necessary transparency of the fee and the reasons for not being able to achieve full cost recovery.

5.2.4.4.2
Calculation of frequency usage contributions

Frequency usage contributions are also calculated on the basis of all the contribution-related costs according to the cost accounting data. As with the fee-related costs, the contribution-related costs (staff costs and other expenditure) are recorded and allocated according to service and user group on a daily basis. The contribution per user group is calculated taking account of the number of frequencies assigned to each user group. The principle of solidarity applies within each user group, i.e. all user groups under the same service group pay, although one individual user group may have a financial advantage.

The annual contribution must be recalculated annually on a cost-recovery basis in relation to each user group.

The underlying principle in the calculation of frequency assignment fees and frequency usage contributions is that the fees and contributions must cover the staff costs and other expenditure associated with the activity in question. However, the cost-accounting method applied in Germany forms the basis for calculation.

5.2.5
Israel’s experience with licence fees

The Ministry of Communications of the State of Israel has established a few licence mechanisms:

–
one time payment for submittal of application for telecommunication service providing;

–
annual fee for usage of the frequency spectrum;

–
annual royalties, which are a percentage of the income, for telecommunications service provider;

–
one time payment, payed by a winner of an auction.

Annual spectrum fees

As an amendment to the Wireless Telegraph Order, the Administration of Israel started annual spectrum fees in January 1995, in order to persuade operators and private users to pursue more efficient spectrum use. The Ministry of Communications may modify, once a year, the structure or the value of a specific fee. This is done through the Financial Committee of the Kneset (The Israeli Parliament), and any service provider or a private user of the spectrum who may be affected by those modifications, has the right to present his case to the Committee.

Because the fee decreases with frequencies above 960 MHz, the use of a higher frequency is encouraged. Below 960 MHz, the spectrum fee is about USD 170 000 per 1 MHz. This approach has been taken to encourage the use of less occupied bands and to encourage spectrum users to take advantage of the higher frequency reuse associated with high attenuation and lower antenna side-lobes at higher frequencies.

The frequencies spectrum fees are categorized to different services, such as:

–
Private mobile radio

–
Trunking mobile radio service providers

–
Cellular service providers

–
TV and radio broadcasting

–
Microwave point-to-point link

–
Fixed wireless access

–
Satellite communication (private and commercial users)

–
Radio amateurs

–
Aeronautical and maritime services

–
Temporary licences for tests or demonstrations.

The fee system has some measures to encourage better and higher reuse of frequencies. Some examples are:

–
Lower fee for lower transmission power, for TV and radio broadcasters

–
Discount for TV broadcasters which reuse the same frequency in different locations

–
No charge for radio broadcasters that reuse the same frequency in additional locations

–
Discount for telecom service providers which reuse the same frequency for multiple point-to-point microwave links.

Some examples from Israel’s short experience of the last few years, utilizing incentive fees:

–
Within two years all point-to-point links on frequencies below 960 MHz (about 100), were relocated to higher frequencies.

–
An agreement with TV broadcasters to modify frequencies, to obtain more efficient use of the spectrum.

–
Migration of different systems from frequencies below 1 GHz, to clear bandwidth for a third cellular operator in the GSM band.

–
Some of the operators have been paid to move their systems, and the cost of this migration was covered by the licence fee advanced payment paid by the new entrant to the Government (not directly to the existing user of that spectrum).

5.2.6
Experience of the Kyrgyz Republic on application of licence fees

In 1997 in the Kyrgyz Republic, the independent regulating body of communications, the National Communications Agency (NCA), was established. According to the Law of the Kyrgyz Republic on “Postal and Telecommunications”, accepted in 1998, spectrum management began.

In 1998 the NCA created a licence fee model. The purpose of this model was to increase spectrum efficiency, introduce a non-discriminatory approach to various categories of users, stimulate the use of unused frequency ranges, develop radiocommunication services throughout the Republic, and cover the cost of spectrum management.

The model determines the value of annual payment for the spectrum and contains the following basic elements:

–
radio-frequency resource, used in the Republic, representing all frequency assignments stored in the national database, is determined on an annual basis. For each frequency assignment this resource is determined in view of the band used and the coordination area;

–
the annual cost of spectrum management;

–
the average price for the unit of the frequency resource used is determined from the above values;

–
the annual payment of a specific user is determined from the value of the frequency resource used.

A number of incentive factors are entered in the formula, so the payment depends not only on the bandwidth used and coverage area, but also on geographical location of the station, population density in the coverage area, social factors, exclusivity, type of radiocomminication service, spectrum employment, and spectrum monitoring complexity.

The developed software allows the user at any moment to determine the value of the annual payment for the spectrum and also renders the model transparent and accessible to all users.

Thus, for the user the greater the bandwidth and the more populated the geographical area, the larger the payment. This encourages the use of more modern equipment, new frequency ranges and expansion of coverage to rural and remote areas.

The NCA has adopted licence terms of up to 7 years. Determination of the spectrum payment algorithm includes the determination of:

–
the annual expenditures of the State on management of radio-frequency resource use and determination on this basis of the common value of the annual payment for all radio-frequency resources;

–
the value of the radio-frequency resource;

–
the price for a unit of the radio-frequency resource;

–
the annual payment for a specific user on a differential and non-discriminatory basis, determined from the value of the frequency resource and the unit price of this resource.

5.2.6.1
Expenditures and income of the State on spectrum management

The total amount of the annual payments for spectrum, Cann, collected from all users, can be submitted as:
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where:


Cann :
total annual cost of the users for the spectrum


C1 :
share of resources that is necessary for covering of costs of the State on spectrum use management


C2 :
net income of the state.

It is possible to separate the terms C1 and C2 into additional components:
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where:


C11 :
means necessary for purchase and operation of a spectrum management system, including radiomonitoring station equipment, direction finders, computers, software, materials, amortization of buildings, etc.


C12 :
means necessary for carrying out scientific research, purchase of scientific literature and recommendations, electromagnetic compatibility analysis, frequency assignment, coordination, etc.


C13 :
spectrum management staff salaries.

Taxes are not included in the amounts C11, C12, C13.
C2 can be separated into the following components:
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where:


C21 :
taxes imposed by State spectrum management agency on telecommunications equipment, software, materials etc.


C22 :
payments for spectrum use. At present in Kyrgyzstan, to encourage development of radiocommunication services C22  0.

Formulas (5) and (7) do not take into account the indirect income of the State taxes on the incomes of telecommunication operators whose activity is connected with radio-frequency resource use (for example, taxes from the income of cellular communication operators). This component of the income of the State is essential and exceeds component C22.
In essence C22 is an initial payment for spectrum. However, no telecommunication operator, especially in the developing countries, will immediately be able to make a large payment and this would be an obstacle to development. A good way to provide an economic incentive is reducing to a minimum the C22 component, so that the telecommunication operator may begin to provide service with no initial spectrum payment. The loss, C22, will be compensated for the State by the taxes from the telecommunication operator’s activity. 

Thus, for the purposes of rapid development of telecommunication and information services in the country and the provision of economic incentives to the telecommunication operators, it is essential to hold spectrum payments to the minimum necessary for covering the costs of spectrum management.

5.2.6.2
Determination of the value of the radio spectrum

Proceeding from formulas (5), (6), and (7) it is possible to determine Cann, representing annual payment for all radio‑frequency resource, used in the country. Further this amount is necessary for collecting from all telecommunication operators using radio-frequency spectrum on a fair and non-discriminatory basis. To accomplish this, according to this Report and the ITU World Telecommunication Development Conference (Valetta, 1998), it is necessary to determine the value of the spectrum used by each operator.

Limitations regarding use of frequency assignments are given to users by the NCA. These limitations concern installation and operation of their radio equipment. The necessary information on all frequency assignments (frequency bands, transmitter capacity, geographical coordinates, antenna type and height of its installation, etc.) is stored in the national database. Total frequency assignments are designated as “n”.

The method used is as follows.

For any i-th user on the basis of its frequency assignment characteristic incorporated in the national database, it is possible to determine a three-dimensional value of the spectrum used, as follows:
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where:


Zi :
frequency resource used for i-th frequency assignment

Fi :
radio frequency band used for i-th frequency assignment

Si :
area of the territory used for i-th frequency assignment

t :
time.
Each component may be considered in more detail:

a)
The time t for all users is equal to one year (t  1).

b)
The population density of the territory is not uniform. The high population density area is more attractive to the telecommunication service operator. Therefore, the whole territory of the republic is divided into, m, territories according to its administrative structure and for each j-th territory, 1  j  m, the population density coefficient (according to the data of the census) is Kj (see Table 9). Kj  1 for the area with the lowest population density.

TABLE  9

Population density coefficient for various territories of the Kyrgyz Republic

	Designation – Province (oblast)
	Bj

	Naryn
	1

	Talas
	3.7

	Issyk-Kul
	3.5

	Jalal-Abad
	5.6

	Osh
	5

	Chuy
	8

	Cities and settlement of an urban type

	With a population of 10 000 to 50 000 inhabitants
	16

	With a population of 50 000 to 100 000 inhabitants
	32

	With a population of 100 000 to 500 000 inhabitants
	64

	With a population over 500 000 inhabitants
	128


The population density coefficient permits a fair annual payment for users. Then, if the coordination area of i‑th frequency assignment covers, q, sites in different territories, the area is determined as follows:
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where:


Si :
area of the territory used by the i-th frequency assignment


q :
overall number of territories covered by coordination area of i-th frequency assignment (q  m)


Kj :
population density coefficient in j-th territory (from Table 9)


j :
area of coordination area site located in j-th territory.

c)
For each i-th frequency assignment, frequency band fi is used. But different ranges are used by various radiocom​munication services. Therefore there is a number of the coefficients, which are necessary to take into account, as they influence are the price of the frequency band used. In the general case it is possible to determine the value of the used frequency band for i-th frequency assignment, as follows:
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where:


Fi :
theoretical frequency band used by i-th frequency assignment


fi :
actual frequency band used by i-th frequency assignment


i :
coefficient which takes into account a number of the factors, given below in equation (7)


i :
coefficient which determines exclusiveness of use. If the given site of the spectrum is used on an exclusive basis then i  1. With sharing  varies within the limits of 0  i  1 depending on conditions of sharing.

It is possible to examine the coefficient i in more detail. A number of factors influence the value of i factor and it can be presented as product:
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where:


i :
general coefficient taking into account the various factors of spectrum use

1 :
commercial value of the spectrum range used

2 :
social factor


3 :
takes into account features of transmitter location

4 :
takes into account the complexity of spectrum management functions.
The values of coefficients 1, 2, 3 and 4.are given in Table 10.

Coefficient 1 varies in limits from 0 up to 100 and, basically, is determined by two factors:

–
the commercial value of radio services; this factor increases with value;

–
many radio services may be moved to higher frequencies as experience is gained, thus, decreasing the loading of lower frequency bands. This is the economic level which encourages use of higher bands. For example, for the purposes of encouraging transition of stations at frequencies below  1 GHz to frequencies above 1 GHz, the value of the coefficient 1 in the range above 1 GHz is less than the value used for stations below 1 GHz. Currently frequencies below 1 GHz are used by several radio services at the same site and hence there is also a question of their electromagnetic compatibility. The range above 1 GHz is poorly mastered in the Republic, but at the same time in the world the newest technologies are used which, allow effective use of the spectrum.

TABLE  10

Values of coefficients 1, 2, 3, 4
	
Service
	1
	2
	3
	4

	
	
	
	City
	Village
	

	Radio-relay line in a range above 1 GHz
	0.5
	0.30
	1
	0.1
	1

	Radio-relay line in a range below 1 GHz
	1
	4.00
	1
	0.1
	1

	Television in meter range (MW TV)
	5
	0.30
	1
	0.1
	5

	Television in meter range (DMW TV)
	5
	0.40
	1
	0.1
	5

	USW broadcasting
	12
	5.00
	1
	0.1
	5

	SW broadcasting
	5
	5.00
	1
	0.1
	4

	SW radiocommunication
	13
	6.00
	1
	0.1
	4

	Trunking
	12
	6.00
	1
	0.1
	5

	Cellular communication
	13
	6.00
	1
	0.1
	5

	Paging
	60
	6.00
	1
	0.1
	5

	Mobile communication
	10
	6.00
	1
	0.1
	5

	Radiocommunication in CB range
	0.12
	1.00
	1
	0.1
	1

	Radiolocation
	0.15
	0.10
	1
	0.1
	1

	The security radio signal system
	6
	1.0
	1
	0.1
	2

	Earth station for fixed‑satellite service
	40
	1.00

0.30*
	1
	0.1
	1

	Feeder link for broadcasting-satellite service
	7
	0.30
	1
	0.1
	1

	NOTE 1 – 2 * – Value taking into account a social factor is entered for international organizations working in the territory of the Kyrgyz Republic, not representing commercial communication services and whose activity is directed towards stability of economy, development of a science, or culture.


Coefficient 2 varies in limits from 0 up to 10 and takes into account a social factor. For those radio services whose existence is vital for all sections of the population, including the most needy, this coefficient has a low value. For example, for stations above 1 GHz in which long-distance communications are organized, as well as for television broadcasting, the coefficient 2 has a low value. However, for cellular communication, coefficient 2 has a higher value.

Coefficient 3 takes into account features of site location in urban and rural areas. In rural areas, where the density of the population and the level of incomes is low, the commercial value of communication services is also low and the technological costs of providing these services is high. Therefore with the purpose of support of these telecommunication operators and services, as well as for encouraging development of radiocommunication services, there is a reduction coefficient 3  0.1 (in urban district 3  1).

Coefficient 4 varies in limits from 0 up to 10 and is determined by the complexity of spectrum management functions performed. This coefficient is the highest for mobile services, as here it is required to carry out the function of radiodetermination of mobile objects, and for television broadcasting, where it is required to determine with high accuracy a number of parameters.

Thus, with the help of weighting coefficients Kj, i, and i in formulas (9) and (10), according to formula (8) it is possible to determine the given (in view of the various factors) frequency resource Zi for each frequency assignment. 

Then it is possible to determine the general frequency resource used in the Republic, according to formula (12):
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where:


Z :
general frequency resource used in the Republic


Zi :
frequency resource used with i-th frequency assignment


n :
overall number of frequency assignments registered in the national database


L :
estimated expansion coefficient for the spectrum used. The introduction of this coefficient permits prices for spectrum to be determined in advance for the next fiscal year.

5.2.6.3
Price for the unit of the frequency resource used

On the basis of formula (5) and in view of formulas (6) and (7) the total amount of annual payments is determined.

On the basis of formula (12) the value of the spectrum annually used in the Republic is determined. 

Then it is possible to determine the price of Cann for a conventional unit of the frequency resource:
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Som* :  name of the national currency.
5.2.6.4
Annual fees for a particular frequency assignment

According to formula (13) the price Cann for the conventional unit of the frequency resource is determined.

According to formula (8) the frequency resource Zi used for a particular frequency assignment is determined. Then the amount of the annual payment Ci from a specific user of the spectrum for a specific i-th frequency assignment is determined by formula (14):
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If any telecommunication operator has more than one frequency assignment, the payment for each assignment is determined and then they are summated.

5.2.6.5
Application of the method

This method is authorized by the NCA in a text on determination of the annual payment for all the spectrum used in the Republic. Its application is coordinated with the National Commission of the Kyrgyz Republic on Protection and Development of Competition.

There is software for the national database on frequency assignments, and calculation of the payment for a specific user does not present difficulties.

Seminars for telecommunication operators regarding this method were conducted. Because the method is known for practically all users, transparency is provided.

5.2.6.6
Funding the monitoring system

The Kyrgyz Republic, like the majority of new and developing countries, experienced difficulties in funding a modern system of spectrum management. The greatest difficulty was the funding of the national automated radio monitoring system, which can ensure effective spectrum management. Such a system is necessary, but its cost is high. The condition of the State budget does not allow funding of such a system.

One of the ways to fund such a system is a loan on preferential terms from international financial organizations or from other countries. The principal could be included in the amount of the annual payment and gradually returned to the creditor. The mechanism of return of the principal is shown in Fig. 4. It is possible to return the principal in equal payments each year. However, the payment (principal and interest) would be very high in the first years of return of the principal.

Such payments would result in substantial growth of expenses of the telecommunication operators and a rise in price of their services. Accordingly development would be impaired and in some cases operators would fail. The delay of expansion of telecommunication services would cause not only reduction of tax receipts, but a recession, as has happened in the past.
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A different approach is possible. Based on the experience of other countries, the number of the spectrum users will grow. Therefore, it is possible within reasonable limits to increase the price for the unit of the spectrum and to support it in hard currency until the annual total fee has reached the forecast size, Cforecast, n the middle of an amortization period (for example, 5 years after installation of the equipment, assuming the loan is for 10 years).

The total amount of the taxes for 10 years (including the principal, which it is necessary to return within 10 years) is equivalent to the area shaded by vertical lines. For the first 5 years there would be a shortage, equivalent to the area shaded with vertical and horizontal lines, whereas in the next 5 years there would be a surplus (area shaded with horizontal lines). The main advantage of such policy would be price stability, which would allow the telecommunication operators to plan their incomes, expenditures and development of services.

Of course, the above would be only the initial approach to price policy. If it will possible to forecast more accurately and to determine more precisely the price policy based on actual conditions, it would be possible to make faster payments.

The above technique would allow to determine the Republic tariff policy regarding spectrum use in view of conditions of loan repayments, thus keeping a non-discriminatory approach to the various spectrum users.

5.2.7
The Russian Federation’s experience with licence fees

With a view to ensuring more efficient use of the radio-frequency spectrum, the Government of the Russian Federation adopted a decree in June 1998 on the “Introduction of charges for use of the radio-frequency spectrum”. Under this decree, with effect from September 1998, businesses, individual entrepreneurs and other persons using the radio-frequency spectrum in the Russian Federation for the provision of telecommunication services to commercial ends are charged for such use, pursuant to the "List of telecommunication services for whose provision use of the radio-frequency spectrum shall be on a paid basis" set forth in the decree.

Operators providing the following types of service are required to pay for use of the spectrum:

–
mobile telephony

–
cellular telephony

–
radio paging

–
radio paging with VHF FM channel multiplexing

–
global mobile personal communications by satellite

–
distribution of television programmes using MMDS, LMDS and MVDS type systems.

For implementation of the fees for use of the spectrum, regulations were also adopted on “Payment for use of the radio-frequency spectrum in the Russian Federation”. The regulations set out the basic principles and general conditions for payment for the use of radio channels by all organizations – irrespective of their type of ownership – and individual entrepreneurs that use the radio‑frequency spectrum in the territory of the Russian Federation for the provision of commercial telecommunication services. Charges for use of the spectrum are set separately for each category of service, depending on the service area, number of channels used and the bandwidth used.

The amount of the charge levied for use of the spectrum is set annually. Annual charges for use of the spectrum are payable to Russia’s national frequency management authority, in equal quarterly instalments, not later than the fifth day of the first month of each quarter.

The payment is distributed as follows:

–
50% to cover the expenses of the national spectrum management authorities;

–
50% as income to the federal budget.

Failure to respect the procedures for payment for use of the spectrum constitutes grounds for withdrawal of the licence for provision of the telecommunication services for which the spectrum is used.
5.2.8
The United Kingdom’s experience with licence fees

In the United Kingdom, the Radiocommunications Agency (RA), which is an “executive agency” of the United Kingdom Department of Trade and Industry, is responsible for non-military radio spectrum and for representing both civil and military users in international discussions on radio matters.

For many years the United Kingdom has operated a cost-recovery system based on the direct and indirect costs of spectrum management. Fees have been charged on an annual basis although, to improve the cash flow payments for users with a large number of licences, payments could be made in 3 or 6 month instalments. Since the early 1990s the demand for spectrum access has dramatically increased, especially in bands suitable for mobile communications, and new types of service have required access to spectrum. In part this increase in demand is due to deregulation of telecommunications provision and a subsequent increase in competition as new services were introduced. At the same time, technical and market developments, such as convergence, have accelerated in often unpredictable ways. This has led to areas of high spectrum congestion and in parts of the country there is virtually no spectrum available below 25 GHz – due to the high population density (approximately 20 million in the south east of England) and the communications infrastructure needed to support their requirements, the requirements of major users (including 5 international airports and the world’s busiest shipping lane) and international sharing constraints. Despite this limitation in spectrum availability, demand for access in the United Kingdom is continuing to grow and in some cases the rate of growth in demand is increasing.

The Government was concerned that unless spectrum could be made available for new services and users, there was a real danger that spectrum congestion and shortages would hold back growth and slow down innovation. Further having pioneered studies into the economic benefits arising from the use of radio (see Chapter 3) it was aware that failure to make the best possible use of the spectrum resource could impose substantial costs on users, including loss of international competitiveness and there could be a consequential impact on other areas of the United Kingdom economy. A combined impact on the United Kingdom economy in the order of 1 000s of millions of pounds.

The RA recognized that the existing frequency allocation and assignment processes could not cope with the rising level of demand for spectrum. Specific problems identified were:

–
the existing frequency assignment/licensing process could control only frequency acquisition, and did not have the flexibility to regulate demand or make more spectrum available in congested areas without adversely affecting users in others areas of the country;

–
users had little incentive to give up unused or under-utilized spectrum or to invest in more spectrum-efficient technology or services;

–
the administrative procedures for changing spectrum allocations and assignments were too slow in responding to changes in users requirements and technological development, thus retarding technical progress and innovation.

Hence new spectrum management tools were needed to deliver a faster and more responsive service to users. It was understood that individual radio services have different characteristics and may require different approaches. Thus a change to the frequency assignment/licensing process would have to recognize the requirements of the differing services and therefore may not be applicable to all services and frequency bands.

The solution adopted was the introduction of spectrum pricing which would be selectively applied in congested frequency bands as a complement to the existing licensing process. Thus a combination of administrative incentive pricing (taking into consideration opportunity costs) and regulatory pricing is being used to manage spectrum for most mobile radio and point-to-point fixed links, while a regulatory pricing continues to be sufficient for some other licence classes.

5.2.8.1
Legislative changes

The Wireless Telegraphy Act 1998, which entered into force in June 1998, substituted spectrum pricing for cost recovery as the basis for setting radio spectrum licence fees in the United Kingdom. In accordance with Article 11.2 of the EU Licensing Directive (see Note 1), it is a cardinal principle in the United Kingdom that spectrum pricing should be used to achieve spectrum management objectives, not to maximize licence revenue. Since other EU Member States are also subject to Article 11.2, the transposition of this provision into United Kingdom law and its mode of application may have wider interest.

The Act introduced two forms of spectrum pricing:

–
auctions, in which fees are set directly by the market; and 

–
“administrative incentive pricing”, in which fees are set on the basis of spectrum management criteria by the spectrum manager as a surrogate for market forces.

The legislation was preceded by widespread public consultation, including a consultative document [RA,1994], White Paper [RA, 1996] and a study of the application of spectrum pricing [RA, 1996]. This consultation demonstrated widespread support for spectrum pricing in principle and helped construct consensus for reform. There has since been further extensive consultation on detailed implementation [RA, 1997 and 1998]. The majority of licence fees are set by a combination of administrative incentive pricing and the opportunity costs arising from the nearest alternative, or regulatory pricing rather than auctions which are only considered to be applicable in specific circumstances and have still to be implemented in the United Kingdom.

The 1998 Act requires the Secretary of State, in setting spectrum licence fees, to have regard in particular to various spectrum management factors. These are:

–
the balance between spectrum availability and current and expected future demand; and

–
the desirability of promoting:

–
efficient spectrum use and management;

–
economic benefits;

–
development of innovative services; and

–
competition.

The legislation therefore ensures that spectrum pricing cannot be used as a form of taxation. Indeed, the Act ended the statutory requirement for licence fee regulations to be approved by the Treasury. Under proposals for administrative incentive pricing in the United Kingdom, although some users with exclusive national channels or assignments in parts of the country affected by congestion will pay higher fees, tens of thousands of smaller business users will pay no more than previously or will benefit from fee reductions. Even where fees are increased, they will be no higher than necessary for spectrum management purposes.

NOTE 1 – Directive 97/13/EC. Article 11.2 states, “Member States may, where scarce resources are to be used, allow their national regulatory authorities to impose charges which reflect the need to ensure the optimal use of these resources. Those charges shall be non-discriminatory and take into particular account the need to foster the development of innovative services and competition.”

5.2.8.2
Setting licence fees in practice

The United Kingdom methodology may be summarized as follows.

–
Define alternatives to the current assignment.  For example, in the case of private business radio used by taxi firms, couriers etc. the use of narrow-band technology, trunked systems, more efficient sharing and reuse and moving to a different frequency band. 

–
Cost the alternatives over the lifetime of the equipment.  The additional cost of the cheapest alternative compared to current radio costs (in the example quoted above this was a move to trunked systems) provides a measure of the marginal value of the spectrum for the specific application. In the case of mobile radio, the marginal values differed between services and it was decided to apply an average “spectrum tariff unit” to all mobile radio in the interests of fair competition. This amounts to about £1.65/MHz/km2.

–
Derive licence fees from the marginal value of spectrum on the basis of pre-selected parameters. In the example of private business radio, those proposed are bandwidth, coverage area and the degree of sharing as indicated by the number of mobiles as a proxy for traffic generated. Location is also taken into account with higher fees in congested areas. Congestion is quantified on the basis of a formula for each cell in a grid of 10 km  10 km squares covering the whole country, leading to the definition for mobile radio of three charging regions:

–
central London, which is heavily congested;

–
Birmingham, Manchester and Liverpool, which are congested; and

–
the rest of the country, which is uncongested.


Fees for exclusive regional and national channels can also be derived. 

–
Apply “modifiers”, i.e. numerical factors to take account of various spectrum management factors, such as competition, choice and diversity, quality of service and spectrum usage constraints. For example, in the case of mobile radio, spectrum above 1 GHz is considered less valuable than spectrum below that frequency because of its propagation characteristics.

5.2.8.3
Phased implementation of administrative incentive pricing

The new regime is being implemented in three waves, each phased in over 4 years so that users have an opportunity to adjust.

–
The first wave of incentive pricing, which began in July 1998, tackled the worst distortions of the previous cost-based regime by increasing fees for mobile telecommunications networks and reducing them for thousands of users of on-site private business radio.

–
The second wave, which began in July 1999, will extend spectrum pricing principles to other mobile radio and point-to-point fixed links. Fees for national telecommunications networks will continue to increase, but smaller private business radio users will continue to benefit from fee reductions outside congested areas.

–
The third wave, due to commence in July 2000, will cover other licence classes, including broadcasting, which raises special issues on some broadcasting franchises, as opposed to spectrum licences.

This will also enable the effects to be monitored and licence fees to be modified if necessary to achieve the desired spectrum management objectives.

5.2.8.4
Affordability

The Agency has published detailed Regulatory Impact Assessments for the first and second waves of administrative pricing. These documents analyse the business sectors affected and the costs and benefits of the new policy with particular reference to small businesses. For the second wave, the Agency estimates that:

–
over 60% of the current 57 000 private business radio licensees will pay no more than at present or enjoy fee reductions of up to 65%;

–
the fee increases for a small private business radio user, such as a taxi company, that will pay more would be no more than 8p per taxi per week;

–
the increase for a mobile telecommunications network would amount to just 5p per subscriber per week and even this modest amount may not be passed on to subscribers in view of fierce market competition;

–
the potential economic benefits from the greater spectrum efficiency spectrum pricing should promote would far exceed the costs to business of the additional licence revenue.

As can be seen, planned fee increases are modest. The figures convincingly demonstrate that spectrum pricing in the United Kingdom will not make radio too expensive for businesses to afford.

5.2.8.5
Spectrum pricing in the public sector

It has been a consistent feature of United Kingdom policy that the public sector, including the armed forces and emergency services, should be charged for spectrum on a comparable basis to the private sector. The public sector is a major user of spectrum. For example, the armed forces occupy more than 30% of the spectrum between 9 kHz and 30 GHz. It is seen as important that the public sector should also have incentives to use spectrum more efficiently and this has been a key factor in securing general acceptance of spectrum pricing. 

Comparability is being achieved through the application of spectrum pricing principles to public sector users, including the armed forces. The details of how public sector spectrum will be valued are under negotiation with the other departments concerned, but the principle is established as an essential component of the new regime.
5.2.9
United States of America experience with licence fees
The FCC regulates both spectrum and wired services for the civilian sector and charges application fees (also known as filing fees) and regulatory fees (information is included here for wired services only for background and completeness). The FCC process of imposing and collecting fees is mandated by statute of the U.S. Congress solely as a means to reimburse costs of issuing licences and of associated regulatory services.

In 1987, the FCC began collecting application fees that are charged for all FCC‑licensed radio services and are intended to cover the direct administrative costs of processing a licence application. They are paid when a licence is obtained or renewed. Local and state governments and non-profit entities are generally exempt from application fees. Application fees vary from service to service.

The authority to impose and collect application fees was not assumed independently by the FCC, but was established by the U.S. Congress and is contained in Title III, Section 3001 of the Omnibus Budget Reconciliation Act of 1989 (Public Law 101-239), Section 8, revising 47 U.S.C. 158, which directs the FCC to prescribe charges for certain types of application processing or authorization services it provides to communications entities over which it has jurisdiction. Funds collected as application or filing fees pursuant to Section 8 of the Act are deposited into the General Fund of the U.S. Treasury as reimbursement to the United States of America Federal Government. They do not offset funds appropriated to the FCC (47 U.S.C. 158(a)). Section 8(b) of the Communications Act, as amended, requires that the FCC review and adjust its application fees every two years after 1 October 1991 (47 U.S.C. Section 158(b)). The adjusted or increased fees reflect the net change in the Consumer Price Index for all Urban Consumers (CPI-U).

Since 1990, the FCC has collected application fees averaging about USD 39 million annually. The programme encompasses over 300 different fees with the vast majority collected at the time an original licence application, renewal or request for licence modification is filed with the FCC.

Most fees are assessed as a one-time charge on a per-application basis, although there are certain exceptions. Local (state, county, city, etc.) government, non‑profit, non-commercial broadcast and amateur licence applicants are exempt from the fees.

The schedule of charges is exactly as reviewed and approved by Congress. The charges represent the best estimate of the FCC’s actual direct administrative costs of processing a licence application.

In 1993, Congress mandated that the FCC must collect regulatory fees to cover its enforcement activities, policy and rule-making activities, user information services, and international activities. Consequently, regulatory-related fees were implemented in 1994.

The requirement to collect annual regulatory fees is contained in Public Law 103-66 “The Omnibus Budget Reconciliation Act of 1993”. These regulatory fees, which may change yearly, are used to offset costs associated with the FCC’s enforcement, public service, international, policy and rulemaking activities. These fees are in addition to any application processing fees associated with obtaining a licence or other authorization from the FCC.

Without regulatory fees to offset the FCC’s costs, the agency would have required a Congressional appropriation of USD 189 million for fiscal year 1997 (1 October 1996 to 30 September 1998). When offsetting regulatory fees (USD 152 million) were taken into consideration, only USD 37 million had to be appropriated from the U.S. Treasury to fund the FCC.

By statute, the total fees collected should cover, but cannot exceed, the amount of money appropriated by Congress to the FCC for these activities. Regulatory fees collected are deposited into an account providing appropriations to the FCC.

Some of the activities included in the regulatory fees are considered below.

5.2.9.1
Policy and rulemaking

Formal inquiries, rulemaking proceedings to establish or amend the FCC’s rules and regulations, action on petitions for rulemaking, and requests for rule interpretations or waivers; economic studies and analyses; spectrum planning, modelling, propagation‑interference analyses, and allocation; and development of equipment standards. This also includes policy direction, programme development, legal services, and executive direction, as well as support services associated with policy and rulemaking activities.

5.2.9.2
Enforcement

Enforcement of the FCC’s rules, regulations and authorizations, including investigations, inspections, compliance monitoring, and sanctions of all types. This also includes the receipt and disposition of formal and informal complaints regarding common carrier rates and services, the review and acceptance/rejection of carrier tariffs, and the review, prescription and audit of carrier accounting practices. It also includes policy direction, programme development, legal services, and executive direction, as well as support services associated with enforcement activities.

5.2.9.3
Public information services

The publication and dissemination of FCC decisions and actions, and related activities; public reference and library services; the duplication and dissemination of FCC records and databases; the receipt and disposition of public inquiries; consumer, small business, and public assistance; and public affairs and media relations. This activity also includes policy direction, programme development, legal services, and executive direction, as well as support services associated with public information activities.

The following licensees and other entities regulated by the FCC must pay regulatory fees:

Common carrier regulatees:  inter-exchange carriers (long-distance companies), local exchange carriers (local telephone operating companies), competitive access providers (companies other than the traditional local telephone companies that provide interstate access services to long-distance carriers and other companies), operator service providers (carriers that enable customers to make away from home calls and to place calls with alternative billing arrangements), pay telephone operators (owners of pay telephones), resellers (companies that obtain lines from facilities-based carriers and sell service to others, but does not include mobile resellers governed by the commercial wireless radio services), and other interstate providers (e.g., calling card providers).

Commercial mobile radio services (CMRS) regulatees:  specialized mobile radio services (Part 90); public coast stations (Part 80); public mobile radio, cellular, 800 MHz air-ground radiotelephone, and offshore radio services (Part 22); and PCS broadband services (Part 24). The CMRS messaging services category includes all one-way paging (Parts 22 and 90), two-way paging, qualifying interconnected business radio services, 220-222 MHz land mobile systems (Part 90), and PCS narrow-band services (Part 24). All other private wireless regulatory fees are paid in advance for the full licence term and submitted along with the appropriate application fee. 

Mass media licensees:  commercial AM and FM radio stations, commercial TV stations, low power television and television translator and booster licensees, broadcast auxiliary, FM translator and FM booster licensees, and multipoint distribution service licensees (includes multichannel multipoint distribution service). Non-commercial educational licensees are exempt from regulatory fees as are licensees of auxiliary broadcast services such as low power auxiliary stations, television auxiliary service stations, remote pickup stations and aural broadcast auxiliary stations where such 

licences are used in conjunction with commonly owned non-commercial educational stations. Emergency alert system (EAS) licences for auxiliary service facilities are also exempt as are instructional television fixed service (ITFS) licensees. In the event that there has been a change in ownership of a system after the effective date, but before the date payment is due, responsibility for payment of the regulatory fees rests with the owner of record on the effective date noted.

Cable television systems:  cable television systems operating on 31 December 1996, were requested to pay regulatory fees per subscriber in the fiscal year 1997. All cable television systems were requested to pay regulatory fees of USD 0.54 per subscriber for each community unit in which they operate. Additionally, each system operating on 1 October 1996, was requested to pay a USD 65.00 fee for each community antenna relay service licence held and, if applicable, a USD 25.00 fee for each broadcast auxiliary service licence held. In the event that there had been a change in ownership of a system after the effective dates above, but before the date payment was due, responsibility for payment of the regulatory fees rested with the owner of record on the appropriate effective date noted above. 

International public fixed licensees (Part 23), international (HF) broadcast licensees (Part 73), providers of international bearer circuits, earth station regulatees (Part 25), geosynchronous space station regulatees (Part 25) and direct broadcast satellite licensees (Part 100), and low-Earth orbit system licensees (Part 25).

Local governments and non-profit entities are not required to pay regulatory fees. However, the FCC is considering a proposal which would require that each exempt entity submit, or have on file with the FCC, a current internal revenue service determination letter documenting its non-profit status, a certification of local governmental authority, or certification from a local governmental authority attesting to its exempt status. Under the proposal, a regulatee would be relieved of its fee payment requirement if its total fee due, including all categories of fees, amounts to less than USD 10.

For the fiscal year 1997, the FCC adjusted the estimated regulatory payment units for each service from the fiscal year 1996 fees. The FCC obtained its estimated payment units through a variety of means, including its licensee databases, actual prior-year payment records, and industry and trade group projections. Whenever possible, the FCC verified these estimates from multiple sources to ensure their accuracy. 

The FCC multiplied the revised payment units for each service by its fiscal year 1996 fee amounts in each fee category to estimate how much revenue the FCC would collect in the fiscal year 1997 without any change to the existing schedule of regulatory fees. The amount of revenue the FCC would have collected was approximately USD 137.3 million. This amount was approximately USD 15.2 million less than the amount the FCC was required to collect in the fiscal year 1997. The FCC therefore adjusted the revenue requirements for each fee category on a proportional basis, consistent with Section 9(b)(2) of the Act, to obtain an estimate of revenue requirements for each fee category necessary to collect the USD 152 million required by Congress for the fiscal year 1997.

On 1 October 1995, the FCC implemented, in accordance with 47 U.S.C. § 159(i), a cost accounting system designed, in part, to provide the FCC with useful data, in combination with other information, to help ensure that fees closely reflected the FCC’s actual costs of regulation.

In order to utilize actual costs derived from the FCC’s cost accounting system for fee development purposes, indirect support costs contained in the cost accounting system had to be added to direct costs (sse Note 1) and the results adjusted further to approximate the amount of revenue that Congress required the FCC to collect in the fiscal year 1997 (USD 152 million) (see Note 2). Thus, the FCC proportionally adjusted the actual cost data related to regulatory fee activities recorded for the period 1 October 1995, through 30 September 1996, among the fee categories so that total costs approximated the USD 152 million.

The FCC’s next step was to determine whether reliance on actual costs to develop fiscal year 1997 regulatory fees would result in fees which were too disparate from the corresponding fiscal year 1996 fees. As a result of this analysis, the FCC proposed establishing a ceiling of 25% on the increase in the revenue requirement of any service over and above the Congressionally mandated overall increase in the revenue requirement and after taking into consideration changes in payment unit counts (see Note 3).

Because Congress, for the fiscal year 1997, increased the FCC’s overall fee collection requirement, the FCC was required to collect substantially more than it collected in the fiscal year 1996. Nevertheless, capping each service’s revenue requirement at no more than a 25% increase enabled the FCC to begin the process of realigning fees to account for differences in regulatory costs. The 25% increase was over and above the revenue which was required after adjusting for the projected fiscal year 1997 payment units and the proportional share of the 21% increased in the amount that Congress requires the FCC to collect. Thus, the fiscal year 1997 fees increased by more than 25% over the fiscal year 1996 fees. Under this methodology, fees actually increased by as much as 40%.

An important consideration in establishing a revenue ceiling is the impact on other fee payers. Because the FCC was required to collect USD 152 million in the fiscal year 1997 regulatory fees, the additional revenue that would have been collected from classes of licensees subject to a revenue ceiling, instead needs to be collected from licensees not subject to the ceiling. This results in a certain amount of cross-subsidization between fee payer classes (see Note 4). The FCC asserted, however, that the public interest would best be served by adopting a revenue ceiling because, otherwise, several entities would be subjected to unexpected, substantial increases which could severely impact the economic well being of these licensees.
Regulation of interstate telephone service providers accounts for approximately 36% of all FCC costs. Therefore, any methodology which employs a subsidization feature, such as the FCC’s proposed revenue ceiling, will impact these regulatees to a greater extent than others, at least in the short term. As other fee payers’ fees approach amounts that bring their revenues closer to their actual costs, as the FCC’s phased-in revenue ceiling technique would do, the amount of subsidization required of fee payers below their revenue ceilings (such as those common carriers providing interstate telephone service) will steadily decrease. Thus, in the long term, cross-subsidization will decrease and revenue requirements for all services will approach actual costs (assuming other factors, such as the total amount that Congress requires the FCC to collect, remain constant). 

The FCC adopted the 25% revenue ceiling as proposed. Application of the 25% ceiling was accomplished by choosing a “target” fee revenue requirement for each individual fee category. This “target” was either the actual calculated revenue requirement (for those categories at or below the 25% ceiling) or, in cases where the calculated revenue exceeded the ceiling, an amount equal to the ceiling. The shortfall created by reducing the revenue requirement of those whose revenue requirement exceeded the revenue ceiling was proportionately spread among those fee categories whose revenue requirements were below the ceiling. This computation required more than one round of adjustment because the allocation of this revenue, in a few instances, caused the new revenue requirement amount to exceed the 25% ceiling. After two iterations (rounds), all the revenue requirements were at or below the revenue ceiling.

Once the FCC determined the amount of fee revenue needed to be collected from each class of licensee, the FCC divided the individual revenue requirements by the number of associated payment units (and by the licence term, if applicable, for “small” fees) to obtain actual fee amounts for each fee category. These calculated fee amounts were then rounded to an even amount.

NOTE 1 – One feature of the cost accounting system is that it separately identifies direct and indirect costs. Direct costs include salary and expenses for (a) staff directly assigned to the FCC’s operating Bureaus and performing regulatory activities and (b) staff assigned outside the operating Bureaus to the extent that their time is spent performing regulatory activities pertinent to an operating Bureau. These costs include rent, utilities and contractual costs attributable to such personnel. Indirect costs include support personnel assigned to overhead functions such as field and laboratory staff and certain staff assigned to the Office of the Managing Director. The combining of direct and indirect costs is accomplished on a proportional basis among all fee categories.

NOTE 2 – Congress’ estimate of costs to be recovered through regulatory fees is generally determined at least twelve months before the end of the fiscal year to which the fees actually apply. As such, year-end actual activity costs will not equal exactly the amount Congress designates for collection in a particular fiscal year.

NOTE 3 – For example, the regulatory cost associated with the Aviation (Aircraft) service is USD 934 905. If no change were made to this service’s fiscal year 1996 regulatory fee (USD 3 per year), the total revenue collected from licensees in this service would have been only USD 70 634 in the fiscal year 1997, a shortfall of USD 864 271. Application of the proposed 25% revenue ceiling to this service resulted in a capped revenue ceiling of USD 88 293 (USD 70 634  125%).

NOTE 4 – Revenues from current fee payers already offset significant costs attributable to regulatees exempt from payment of a fee or otherwise not subject to a fee pursuant to Section 9(h) of the Act or the Commission’s rules. For example, CB and ship radio station users, amateur radio licensees, governmental entities, licensees in the public safety radio services, and all non-profit groups are not required to pay a fee. The costs of regulating these entities are borne by those regulatees subject to a fee requirement. 

5.2.10
Brazil's experience with spectrum fees

The Brazilian General Telecommunication Law, issued in 1997, established that the use of radio frequency for any service would always be charged. The value of the charge should alternatively be:

(
determined by the regulations or the tender invitation document; or 

(
established as per the winning proposal, when it becomes a judgement item or established in the concession contract or license act, in the cases where bidding is not required. 

In 1998, the National Telecommunication Agency issued a Regulation on the Collection of Public Fees for the Right to Use Radio Frequencies. The main premise of such rules was that the price should be based on how one precludes the use of a specific radio frequency to other users. So the following aspects were considered: time, space (geographic area), bandwidth and frequency band.

It was considered that the frequency bands around 1.5 GHz are, from the economic point of view, more important than any other, and so they should have a higher value. Consequently, two functions were defined to describe such idea, which is illustrated in the Fig. 5:
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For a centre frequency f (kHz) less than, or equal to, 1.5 GHz:
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For a centre frequency f (kHz) greater than 1.5 GHz:
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It is important to note that the procedure described for the calculation of the public fee applies to the authorization of use of any frequency within the entire radio frequency band.

The reference value, P
A reference value for the right to use radio frequencies is obtained by applying the following formula:
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where:


B :
bandwidth to be authorized (kHz)


A :
geographic area in which the frequency shall be used (km2)


T :
factor related to the time period of use


F ( f ) :
frequency factor, according to the expression given above


f :
centre frequency of the operating frequency band (kHz)


K :
cost factor of radio frequency.

The value of frequency, f, to be utilized in the formula shall be the average value of the minimum and maximum authorized frequencies, and, in the case that a specific channel is used, such value shall be equal to that of the carrier frequency of the mentioned channel.

The bandwidth, B
As regards exclusive use, the value of bandwidth B to be used in the formula is that of the total authorized band, whereas as regards non-exclusive use, the value to be considered is that of the authorized bandwidth, according to the emission designation.

The area, A
As regards exclusive use, the value of area A to be used in the formula is that of the region for which the service was authorized, or the designated area covered by the station. Whereas as regards non-exclusive use, the value of area A shall be that which is indicated in the license. If no such indication exists, the value of the area shall be that of the surface defined by the circular sector of radius d and aperture (, that is:
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For point-to-point systems, d is the distance (km) between the stations involved and ( is the half-power angle (degrees) of the radiating system. For point-area systems, the distance, d, to be considered is the farthest distance (km) covered by the nodal station.

Under any circumstances, the surface to be considered in the calculation of the area shall be limited to the national territory, including the Brazilian territorial waters.

The minimum value of the area shall be 1 km2.

With respect to earth-space feeder links for satellite communications systems, the value of area A to be considered shall be that of the coordination area, determined in accordance with the procedures described in RR Appendix S7.

The Time, T
The factor T takes into consideration both the number of hours of use per day T1 and the term T2, in years, of the authorization to use the radio frequency, and shall be calculated by the following formula:


[image: image57.wmf]÷

ø

ö

ç

è

æ

×

÷

ø

ö

ç

è

æ

=

20

24

2

1

T

T

T


For periods of use per day of less than one hour, the value of T1 to be considered shall be 1 h.

For authorizations granted for a term of less than one year, the value of T2 to be considered shall be one year.

The cost factor, K
The cost factor K is defined by taking into consideration the mode of use of the spectrum, whether exclusive or non-exclusive, and the nature of the interest in the service, whether collective or restricted, as shown in Table 11:

TABLE  11

	Mode of use
	Nature of interest
	Cost factor K

	Non-exclusive
	Collective
	20

	
	Restricted
	25

	Exclusive
	Collective
	50


The value to be paid, V
For the utilization of radio frequencies, V, shall be obtained by applying the following formula:
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where:


P :
reference value for the right to use radio frequencies


C :
0.6 for stations of mass media services and stations of radio broadcasting services, and 1.0 for stations of other services


D :
0.3 for stations intended for services of a scientific nature, and 1.0 for stations intended for other services


E :
1 for point-to-point systems and, in accordance with Table 12, for point-area systems.

TABLE  12

	Population (inhabitants)
	Value of E

	Up to 50 000
	0.10

	From 50 001 to 100 000
	0.15

	From 100 001 to 150 000
	0.20

	From 150 001 to 200 000
	0.35

	From 200 001 to 250 000
	0.40

	From 250 001 to 300 000
	0.50

	From 300 001 to 350 000
	0.60

	From 350 001 to 400 000
	0.75

	From 400 001 to 450 000
	0.90

	Above 450 000
	1.00


The value to be paid for the utilization of radio frequencies, V, shall not be less than (T2  R$ 20,00).

For the following cases a fixed value of V is applicable: amateur radio and citizen band services; coastal stations, stations aboard ships, and port stations; stations aboard aircraft, and aeronautical stations; and stations of the community broadcasting services.

For purposes of the Regulation, the following systems shall be subject to the payment of the appropriate utilization charges:

(
point-to-point – upon assignment of each transmit frequency;

(
point-area – upon assignment of each radio frequency, whether receive or transmit, to nodal stations, base stations, or space stations.

The payments due shall be effected, whenever applicable, upon issuance or renewal of an authorization for the utilization of a radio frequency.

5.3
Experience with using alternative resources

Many administrations have used alternative resources to support national spectrum management for a number of years. The following information reviews some of this experience.

5.3.1
Canada
5.3.1.1
Consultation process

In Canada, the Radio Advisory Board of Canada (RABC) is the main body in the private sector that provides advice to the Canadian Administration on a wide variety of issues related to spectrum management. The RABC is basically an association of associations with a large number of members representing the service provider, equipment manufacturer and radio user sectors of Canada. The RABC is organized in a number of committees, such as the mobile and personal communications, the fixed wireless communications, broadcasting, electromagnetic compatibility, etc., committees. The administration participates in these meetings as observer. The Board advises the administration on matters related to policy, standards, technical and procedures development. Engineering analyses on channelling plans, interference calculations, sharing scenarios are often conducted in the RABC and have provided significant inputs to the Canadian spectrum management process. Once every two years, the RABC and the administration jointly organize a high-level conference, called the Spectrum 20/20 Symposium, bringing together industry and government officials to discuss long term as well as short-term issues of spectrum management including spectrum economics. The RABC has been recognized as a very successful cooperation between government and the private industry in Canada.
5.3.1.2
Frequency coordination process

The Canadian national spectrum management organization makes use of frequency coordinators in a number of cases.

In the case of fixed service and the fixed‑satellite service frequency applications, while the Department of Industry is responsible for processing licence applications, including the examination of interference potential, international coordination, etc., domestic coordination is the responsibility of the applicant. The fixed service users maintain their own databases from which they coordinate with each other. The majority of the coordination is done within the Frequency Coordination System Association which is a non‑profit Canadian corporation, with major telephone companies as its members. It operates and administers a computerized Microwave Information and Coordination System.
5.3.1.3
Licensing process

In the amateur service, while a licence is required to operate the radio equipment in the amateur bands, no interference analysis is conducted. However, an examination is required of the amateur operators, which has been delegated to amateur organizations.

5.3.1.4
Information dissemination

In order to facilitate the dissemination of information the assigned frequency records are made available to the general public through Internet access or on a CD-ROM format.

5.3.2
Germany
In Germany, user associations perform some limited spectrum management functions for private mobile radio (PMR) systems. These associations have been successfully involved in the frequency assignment procedure for more than 25 years.

The experts of these associations advise their members in all aspects of PMR use. They explain national regulations and support user planning of PMR networks. The association recommends to the regulatory authority characteristics of a PMR network such as frequency, coverage area, antenna height, call sign, etc. Normally, all relevant technical standards, rules for frequency planning and other licensing conditions are taken into account in the recommendation of the user 

association. The regulatory authority is able to follow these recommendations in almost all cases and grants a licence accordingly. In this way, national technical coordination is carried out de facto by the user association. International coordination is, however, always carried out by the regulatory authority.

The users associations are financed by contributions from their members and work for the benefit of the PMR users. Beside the day-to-day frequency coordination, they contribute to the medium and long-range planning process for the frequency spectrum representing the spectrum requirements of their members to the regulatory authority. They provide a valuable link between the regulatory authority and the users.

5.3.3
Israel

Israel takes advantage of private sector resources to perform some spectrum management functions.

In the past there were some operators who assisted the administration by assigning their own frequencies in a specified band. Today this is done only with trunking operators, cellular operators and in some cases for point-to-point microwave links.

The administration still receives support from operators and the industry in participating in ITU work, like world radiocommunication conferences and the Radiocommunication study groups (examples: TADIRAN in Radiocommunication Study Group 1, Motorola Israel in Radiocommunication Study Group 8).

5.3.4
Russia

In Russia great support to governmental spectrum management activities is provided through various scientific, development and design organizations, which play the role of frequency coordinators and spectrum management consultants. While administratively these organizations may belong to different ministries and other governmental bodies, they are actually providing independent expertise in many fields of radiocommunications, and particularly of spectrum management, to the Russian telecommunication administration, as well as to private radio operators and various commercial organizations supporting their activities. Due to close collaboration with the Russian telecommunication administration on the one hand and with radio operators on the other hand, and through active participation in relevant regional and international activities, they are very familiar with what is needed for the development and improvement in different radio services and in spectrum management issues at the national, regional and international levels. 
Such spectrum management organizations include research institutes, particularly the Radio Research and Development Institute (NIIR) together with its branches, type-approval testing laboratories, private operator associations and consulting firms operating on a commercial basis. 

The main assistance to the telecommunication administration provided by these organizations are:

–
conducting, at the request of the administration, systematic interference analysis for fixed (microwave) and fixed‑satellite service frequency applications including issues of domestic and international coordination;

–
conducting frequency-site planning of radio transmitters for sound and TV broadcasting services;

–
conducting experimental investigations of the potential for allocating additional TV and sound broadcasting channels for areas with specific terrain problems. Based on conclusions provided, the administration issues relevant frequency permissions and licences for operational activities;

–
developing various draft standards, specifications, recommendations, etc. concerning radiocommunication networks and equipment development, EMC analysis and frequency planning, frequency sharing criteria and conditions to be approved by the administration; recently these activities more and more concern relevant regulatory and legislative matters as well. 

As far as it concerns assistance to radio operators, the main issues are the following:

–
explanation of national, regional and international regulations in their implementation with respect to various radio services;

–
assistance in user planning of relevant radio networks particularly cellular, trunking etc., using all relevant technical standards, rules for frequency planning and other licensing conditions; 

–
preliminary analysis of interference-free broadcasting channels for commercial sound and TV broadcasters, calculation of service areas, etc.;

–
assistance in preparation of relevant licence application and bid documentation;

–
assistance to various state and commercial enterprises in the field of industrial interference limitation. 

5.3.5
United States of America

The United States of America makes wide use of frequency coordinators, interested communications groups, and private sector spectrum management consultants.
5.3.5.1
Use of interested communications groups

The United States of America spectrum management organizations also make significant use of advisory committees. The FCC for instance develops its radio conference proposals through an open advisory committee process. Furthermore, the National Telecommunications and Information Administration (NTIA), as the manager of United States of America government agency use of radio systems, relies heavily on the Inter-department Radio Advisory Committee (IRAC), its subcommittees (planning, technical, and radio conference), and ad hoc committees for advice on regulation and policy development. This committee is the longest standing advisory committee in the United States of America government. Though this is not a private sector body, it represents an excellent example of using advisory bodies or collections of experts. NTIA also seeks the advice, with regard to spectrum management policy, from a joint government/private sector group, the Frequency Management Advisory Committee (FMAC).

The FCC has also successfully employed a technique known as negotiated rulemakings whereby it has placed system developers and spectrum advocates in a position of jointly developing the very regulations and standards which will be used to regulate their activities.
5.3.5.2
United States of America use of frequency coordinators

Under FCC rules, prior to applying for a station licence for certain services, an applicant must provide technical coordination information or evidence of prior coordination of the station with existing stations. Private groups often perform this prior coordination function.

In the private land mobile radio services (PLMRS), the FCC has certified groups for specific sub-allocations (e.g., public safety, industrial, and land transportation services) to coordinate frequency assignments prior to their application for the actual licence. Under this system, applicants proposing new stations or modifying existing licences send their completed applications to the appropriate certified coordinator. The coordinator checks the application for completeness, accuracy, and compliance with the FCC’s rules, recommends the most suitable frequency for the applicant, and forwards the completed application to the FCC, which issues the licence directly to the applicant upon approval. The FCC oversees the performance of these coordinating committees. Performance consistently below FCC standards could lead to an inquiry and eventual decertification of the coordinator. In cases of disagreement between the applicant and the coordinator, the FCC has final authority to resolve the problem.

Prior coordination takes place in other services, such as the FCC’s point-to-point microwave radio service and the private operational fixed microwave service. Prior to obtaining a licence, applicants for these services are required to engineer their proposed systems to avoid interference and to coordinate with existing applicants and licensees who could potentially experience interference from these proposed systems. Coordination in these bands is typically done by the applicant or their private frequency coordination consultant and depends largely upon industry cooperation. There are no certified coordinators for these bands. The applicant must certify that the coordination process has been completed before the application is accepted for filing.  Private frequency coordinators charge a fee for their services.

Through this requirement for prior coordination, the FCC attempts to ensure that interference conflicts are resolved through private negotiations before applications are filed. Successful coordination through this method lessens the need for federal government administrative processes to resolve conflicting private claims to the spectrum. Since the FCC established requirements for frequency coordination within the microwave bands in 1975 and implemented the certified frequency coordinator program for the PLMRS bands in 1986, the speed of service has improved and the FCC’s licensing burden has been reduced. Further, the first recourse of action for licensees involved in interference problems is to seek the assistance of the coordinator. In most cases, the coordinator can find a solution to the problem without the FCC ever being involved.

5.3.5.3
United States of America use of spectrum management consultants

While NTIA and the FCC currently make limited use of spectrum management consultants, federal agencies with significant communications interests but limited staff resources make extensive use of technical consultants and functional support contractors. These groups play an active role in the wide array of advisory and ad hoc committees performing engineering analysis and preparing committee documents. In many cases, they represent government agency interests in delegations to international bodies. 

5.4
Other experiences

5.4.1
Amateur services

Generally, amateur stations are not assigned specific frequencies by government spectrum managers but are free to select operating frequencies according to current band occupancy and propagation conditions. National, regional and local band plans are established by informal agreement to arrange compatible intra‑service uses, principally by class of emission, such as telegraphy, data and voice.

The major exceptions to stations selecting frequencies in real-time are VHF/UHF voice repeaters, packet radio‑relay stations and propagation research beacons, which use specific frequencies on a long‑term basis. Some administrations have regulations that encourage the establishment of private sector frequency coordinators, particularly to maintain user databases and, by recommendation rather than assignment, coordinate the selection of voice repeater frequencies to minimize interference within their geographic areas. 

Amateur‑satellite frequencies are international in nature and are coordinated through amateur‑satellite organizations known as Radio Amateur Satellite Corporation (USA) (AMSAT).

The three International Amateur Radio Union (IARU) regional organizations also establish informal band plans. The IARU and AMSAT organizations cooperate in matters concerning frequency usage.

5.4.2
Area and high density systems

Most administrations have experience with authorizing area systems to a range of frequencies. This has been done primarily for cellular, PCS and other area and high density systems.
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GLOSSARY

Terms defined in this glossary are printed in italics.

Administrative pricing:  A form of spectrum pricing in which equipment licence fees or charges for spectrum rights are set by the spectrum manager. Administrative pricing may include such variants as:

–
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seq level7 \h \r0 shadow pricing (see below);

–
incentive pricing, where fees are set with the intention of promoting efficient spectrum use;

–
regulatory pricing, where fees are set unrelated to market considerations, for example, to recover spectrum management costs.

Apparatus licence:  A permission to install and use radio equipment. This will specify the frequency or frequency band to be used and may also impose terms and conditions restricting matters such as the type of apparatus to be used, power, coverage area, geographical location or service to be provided. The extent and specificity of the restrictions will depend on circumstances and the characteristics of the service in question.

Auction:  A form of spectrum pricing – as well as a spectrum assignment mechanism - in which apparatus licences or spectrum rights are assigned to the winner(s) of a competitive process selected on the basis of price. (In some countries, other factors, such as quality of service, speed of roll-out and financial viability, may also be taken into account, either in the assessment of the bids or as pre-qualification criteria.) Auctions may take various forms, including:

–
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seq level7 \h \r0 the English auction, where the auctioneer increases the price until a single bidder is left;

–
the first-price sealed bid auction, where bidders submit sealed bids and the highest wins;

–
the second-price sealed bid auction, where bidders submit sealed bids and the highest bidder wins but pays the second highest amount bid;

–
the Dutch auction, where the auctioneer announces a high price and reduces it until a bidder shouts “mine”;

–
the simultaneous multiple round auction, as first practiced by the Federal Communications Commission (FCC) in the United States of America. This involves multiple rounds of bidding for a number of lots that are offered simultaneously. The highest bid on each lot is revealed to all bidders before the next round when bids are again accepted on all lots. The identity of the high bidder may or may not be revealed after each round, but is revealed at the auction’s close. The process continues until a round occurs in which no new bids are submitted on any lots. This variant is more complex than single-round auctions but offers bidders greater flexibility to combine lots in different ways, and, because it is more open than a sealed bid process, limits the impact of the winner’s curse, allowing bidders to bid with more confidence.

Auctions are commonly considered to have advantages of economic efficiency, transparency and speed compared to alternative assignment methods and also capture the market value of spectrum rights for the administration holding the auction. They can give rise to anti-competitive outcomes if they result in large operators acquiring an undue concentration of the available spectrum but various safeguards against this can be introduced, for example restrictions on the amount of spectrum an individual bidder may win or “use it or lose it” provisions to prevent hoarding.

Bidding credit:  A discount given to certain bidders to promote socially desirable goods. Bidding credits were given to smaller, entrepreneurial firms in some FCC auctions. For example, a 25% bidding credit would mean that if an entrepreneurial firm submitted a winning bid of USD 1 000 000, it would pay only USD 750 000. Originally, bidding credits were also proposed for women and racial minorities; however, the FCC dropped this proposal after the United States of America Supreme Court’s Adarand decision, which declared that such preferences were discriminatory, and therefore illegal.

Differential rent:  Rent attributable to varying characteristics of a resource, e.g., more desirable propagation characteristics in one frequency band than another frequency band.
First-come, first-served:  An assignment procedure in which spectrum is assigned to applicants until it is exhausted, subject only to compliance with minimum technical or financial criteria. This procedure has tended to be used for small scale assignments, such as individual private business radio and fixed links licences. It works best where spectrum is not scarce.

Gross domestic product (GDP):  The sum of the value of all final goods and services sold within the geographic borders of a country in a year.

Lottery:  A process for assigning apparatus licences or spectrum rights to applicants selected at random. Lotteries have the advantage of speed and simplicity but they are unlikely to lead to an economically optimum outcome and can give rise to speculative applications because of the prospect of windfall gains.

Mutual exclusivity:  A situation in which two or more applicants are competing for the same spectrum assignment.

Oligopoly:  A situation in which only a small number of firms are supplying a product or service. This situation may be contrasted with a monopoly situation, in which there is only one firm supplying a product or service. 

Opportunity cost:  The benefits foregone by not putting a resource to its best alternative use. For example, the best alternative use of a frequency band currently used for a broadcast service might be for a mobile service. In an auction, the bidder with the highest willingness to pay will generally win, with a bid that is just above the valuation of the bidder with the second highest willingness to pay. This second highest valuation represents the opportunity cost.

Resource rents:  The term economists use to categorize the value of a resource. The rent accruing to a resource right, such as a spectrum right, can be quantified by the price that the right would sell for in an open market.

Scarcity rent:  Rent attributable to a resource demand exceeding supply at zero price.

Secondary trading:  Buying and selling of apparatus licences or spectrum rights after initial assignment by the spectrum manager. Dealing may take place directly between the parties or through an intermediary.
Shadow pricing:  A form of administrative pricing in which the price is set according to a predetermined formula intended to mimic the effect of market forces. Parameters commonly used include bandwidth, frequency location, geographical location and coverage area.
Spectrum pricing:  A generic term currently used to denote the denoting of the use of pricing as a spectrum management tool. It covers both administrative incentive pricing and auctions of either apparatus licences or spectrum rights. Under spectrum pricing, charges are not set by reference to the fully allocated costs of spectrum management attributable to particular user categories but are intended to balance supply of and demand for spectrum or to achieve other spectrum management policy objectives, such as facilitating the introduction of new services or promoting competition.

Spectrum rights:  The right, analogous to a property right, to use a specified frequency or range of frequencies in a particular location or throughout a nation or region for a particular time period within the ITU Radio Regulations. Where such rights have been introduced, restrictions on the type of equipment to be used or service to be provided may be minimal apart from technical non-interference conditions in relation to adjacent spectrum rights. It may be possible to assemble spectrum rights to provide increased bandwidth or coverage area or both.

Threshold qualifications:  Qualifications that are a prerequisite to participate in some process, such as a lottery or auction. Threshold qualifications may include financial and technical viability, and a service plan that satisfies certain social goals.

Unjust enrichment:  An award, such as the award of a valuable frequency assignment, to a person or company that exceeds that person’s or company’s entitlement to the award.

Winner’s curse:  A possible effect of an auction, most commonly a sealed-bid auction. Assuming that some bidders will overestimate the value of the lot, the winner may be the most optimistic rather than the most skilful in assessing the value of the lot. In a sealed-bid auction, auction proceeds may be reduced as bidders attempt to minimize this effect. Winner’s curse can be reduced or eliminated by careful design, particularly by using multiple round auctions (see simultaneous multi-round auction).

*	Produced by National Economic Research Associates (NERA) and Smith System Engineering Limited in 1995, commissioned by the Radiocommunications Agency (RA) and the Office of Telecommunications (Oftel).


*	From “A study to evaluate the economic impact of the use of radio in the UK” by NERA/Smith System Engineering Limited in 1997, commissioned by the Radiocommunications Agency (RA) – estimates based on the 1995/1996 Financial Year.
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