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OVERVIEW OF THE SPECTRUM
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MANAGEMENT PROCESS
6.1  GENERAL ASPECTS

OF THE PROCESS
6.1.1ADVANCE \r12Civil aviation use of the radio frequency spectrum accounts for less than 14 per cent of the total; this is comparable to maritime use, but considerably less than either broadcast or national defence uses. The spectrum management process is designed to make the optimum use of this scarce spectrum resource. One of its main objectives is to create a universally agreed framework in which the demands for radio frequencies from individual countries are balanced with the interests of different service users to produce a planned radio environment incorporating an effective and efficient spectrum use. It has a necessary international dimension, which must be flexible and responsive to changing patterns of demand, or to new technology, having scope for additional forms of transmissions and modulation methods.

6.1.2ADVANCE \r12With such technology the useable spectrum expands over time, particularly in the higher frequency region, creating new possibilities and options. Spectrum expansion has limitations of scale and of scope, however, and demand continues to increase at a much faster rate than the frequency availability created from extended spectrum boundaries. In its essentials, spectrum management combines separate disciplines, such as regulatory and control measures and technical parameter planning, to achieve a reasonable compromise in dealing with the increasing demand for more spectrum. The current  decade is expected to see this increase in demand rise sharply, particularly for new forms of satellite communications for mobile applications, and spectrum management problems will hence increase in complexity and scale.

6.1.3ADVANCE \r12In the context of this handbook, the management of the spectrum may be characterized by four main domains, or areas of activity: the regulatory domain, the technical domain, the licensing domain and the registration domain, which are described below.

 The regulatory domain
6.1.4ADVANCE \r12In this domain, the international agreements made within the ITU lay down a set of principles, rights and procedures, together with an institutional framework for their effective operation, which create the basis for an orderly international use of radio frequencies. The machinery of the ITU (periodic

radiocommunication conferences, the Radio Regulations Board and the Radiocommunication Bureau) maintains the permanent documents responsive to, and in line with, modern conditions.

6.1.5ADVANCE \r12The Radio Regulations, which have treaty status, are the cornerstone of the process. In addition to the rules, the regulations contain the internationally agreed Table of Frequency Allocations and the agreed rules for their implementation, as well as the important international obligations for radio station operation, licensing and other control measures for ensuring an effective regime of operation.

6.1.6ADVANCE \r12The Radio Regulations primarily address regulatory aspects; technical material, usually of a more volatile character, is relegated to the Appendices or to ITU‑R Recommendations. Amendments to the Radio Regulations can only be made through the Final Acts of a World Radiocommunication Conference, which are agreed and signed at the Conference, with the instrument of ratification to be deposited within a given time as specified in the Final Acts themselves. This regu​la​tory basis, as contained in the ITU Constitution, Convention and Radio Regulations is the starting point for the existence of a framework of stable international order and practical utility which is adhered to by all countries of the world.

The technical domain
6.1.7ADVANCE \r12In the final analysis, the effective use of the radio frequency spectrum is dependent on the expert technical planning of the frequencies used by the various services and systems. The main technical tools at the disposal of the spectrum manager are those in the hierarchical order of allocation planning, service sharing plan​ning and, at the station level, the planning of assignments to particular locations.

6.1.8ADVANCE \r12The processes here are quantitative and exact, requiring careful examin​ation and agreement between countries and service users. The concepts of acceptable interference and harmful interference, as contained in the regulatory rules, must be translated into practical limits and applied to achieve a service which meets all of its operational requirements. Different services require different amounts of bandwidth and can tolerate differing levels of interference. Also, propagation conditions vary widely throughout the useable spectrum. Careful assessment and balancing of these degrees of freedom has to be applied to achieve optimum results. The ITU‑R is the focus for the studies which lead to refined and workable criteria for sharing among services and for international and national frequency plans.

6.1.9ADVANCE \r12Because of safety implications, however, civil aviation is accorded the freedom to develop and plan its worldwide exclusive bands within its own organ​iz​ational structures, utilizing its own technical standards. Planning criteria and frequency plans have therefore been traditionally developed under ICAO auspices.

The licensing domain
6.1.10ADVANCE \r12Implementation of the basic ITU obligations for certification of system and personnel, licensing of stations, monitoring the observance of license conditions and clearing interference are functions carried out at the national level under national law. These duties are normally exercised by national telecommunications adminis-trations, which also provide the spectrum management expertise for national frequency planning and participate in international discussions on spectrum matters. Co-ordination among administrations is the normal mechanism for bilateral and multilateral discussions. The licensing actions normally also include equipment type approval against national or other specifications. The parameters checked include those having an effect on other users, such as frequency stability and spurious emis​sions, and system interoperability features. In the case of aviation equipment, conformity with Annex 10 may also be a licensing condition.

6.1.11ADVANCE \r12The licensing process is also the controlling mechanism for the use and change of frequency bands, or for the exercise of sanctions in the case of license infringements. It also provides the opportunity to levy such charges as are necessary to support the spectrum management and regulation activity or to control demand.

6.1.12ADVANCE \r12Article S18 of the Radio Regulations requires that all stations be licensed by the government having authority over their operations. For aircraft, dispensations are granted in S18.8 for the specific instance of first delivery, and in S18.11 for wet and dry lease. Article S39 requires the license to be available for inspection on demand at any time. Article S37 addresses Operators= Certificates for personnel in the aero​nautical services. These basic telecommunications requirements have been included in Articles 29, 30 and 32 of the ICAO Convention.

The registration domain
6.1.13ADVANCE \r12The registration by countries of their assignments in an internationally agreed document is fundamental to the ITU principle of prior rights gained by earlier registration, and the important obligation not to derogate the protection of existing registered assignments of other countries. The procedural rules for this are laid down in the Radio Regulations and the process of consultation and recording in the Master International Frequency Register (MIFR) is administered by the Radiocommunication Bureau. Comprehensive procedures for coordination, particularly for space services, is a particular feature of these important provisions which have been developed and refined over many years.

6.1.14ADVANCE \r12The MIFR thus serves the dual purpose of a formal record and a planning guide for new assignments. Copies of the entries in the MIFR are held by all ITU administrations and are regularly amended.

6.1.15ADVANCE \r12The predominant emphasis in all of these processes is that of the freedom of countries to use frequencies as they wish provided they do not affect other existing services which have been established in accordance with the Regulations and registered in the MIFR. In keeping with these liberal principles, the ITU Convention contains no provisions for arbitration or for the referral of disputes to international adjudication. The settling of problems is hence treated as a matter for bilateral or multi​lateral resolution in the first instance, calling on informal assistance from the perma​nent organs of ITU should this fail. Cases of failure, however, remain an insigni​ficant proportion of the millions of operating radio services.

6.2  ELEMENTS OF THE

TECHNICAL DOMAIN
6.2.1ADVANCE \r12The technical planning of frequencies is the single most important element in the use of the spectrum. Advances in technology and in planning methods combine to enable a more effective use of frequencies. Frequencies are technically managed and planned in accordance with a hierarchical process.
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Allocation planning
6.2.2ADVANCE \r12At the highest level is the planning of allocations, which are agreed internationally within ITU for incorporation in the Table of Allocations (see Sec-

tion 7-II). At ITU planning conferences, allocations in the form of frequency bands are made to Aservices@, with the choice of grouping adopted in ITU (see Figure 3-3). Allo​cations are classified as primary or secondary, with the former taking precedence at all times should a conflict arise in registration or in implementation (see Section 7‑II).

6.2.3ADVANCE \r12Allocations may be worldwide, as is the case with the majority of aeronautical services, or made to one or two of the three world regions (see Figure 3‑1). The countries attending make specific requests, usually coordinated in advance with their neighbours, on which the final outcome is negotiated and agreed.

6.2.4ADVANCE \r12Allocations may exceptionally also be translated by ITU Conferences convened for the purpose into frequency plans and incorporated in ITU documents, e.g. Appendix S27 for AM(R)S in HF bands, or Appendix S30 for Broadcast C Satellite Services. It is more usual, however, for allocations to provide the basis for regional, area or national planning.

6.2.5ADVANCE \r12Worldwide aeronautical bands for Annex 10 communications and navigation systems are usually planned and agreed regionally using the planning criteria contained in the Attachments to that document.

Service sharing
6.2.6ADVANCE \r12Increasing pressure on the spectrum has led to an increased sharing of allocation by compatible primary services, to the extent that it has become a commonly used planning tool. ITU‑R studies determine the sharing conditions, which may show an absolute acceptability, or provide a formula for coordination purposes. Sharing between low signal level space services and other services, including on occasions aeronautical services, is often proposed.

Frequency planning
6.2.7ADVANCE \r12This activity follows on from allocation planning or sharing studies. Its purpose is to prepare frequency plans between cooperating countries for their region or area, or by countries for application within national boundaries, or to identify individual assignment possibilities. For terrestrial services, it employs the dimensions of frequency, distance, and time separation in calculations which would use some or all of the following parameters:


location of required service


frequency of operation and transmission bandwidth


power and directive gain of antenna


propagation characteristics


protection required by proposed service


protection required by other existing services on same, or adjacent, frequencies


time of day, season or year.

A frequency assignment can be made when each competing frequency simultaneously satisfies the protection calculation for each of the two directions of transmission. The work of creating a frequency plan for a region is usually extensive, requiring auto​mated assistance.

6.2.8ADVANCE \r12For space services, Article S9 of the Radio Regulations lays down comprehensive coordination procedures operated by the Radiocommunications Bureau. Acceptability is assessed using calculation methods and criteria contained in agreed ITU‑R Recommendations.
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6.3  THE ROLE OF TECHNOLOGY IN

SPECTRUM MANAGEMENT
6.3.1ADVANCE \r12Technology plays  a vital role in spectrum management in two ways:

a)
it provides automated assistance to the planning processes, facilitating better analysis, more complex or repetitive calculations, maintenance and access to information and data on frequency use, and many other applications; and

b)
through system improvements, it leads to improved utilization.

6.3.2ADVANCE \r12Modern systems employing sophisticated modulations, tighter design para​meters, and interference rejection circuitry which promote more efficient frequency use, are now commercially available at economic prices. For example, the actual spectral occupancy of a VHF communication channel in the AM(R)S band has been significantly improved by channel splitting on four occasions in the past forty years; this has resulted in the availability of many extra channels in that band. The use of digital to replace analog modulations is another practical system improvement measure which, coincidentally, will lead to better spectrum use efficiency.

6.3.3ADVANCE \r12Technology improvements remain the best possibility for meeting the anticipated demand for frequencies in the future.

6.4  AERONAUTICAL SERVICES 

6.4.1ADVANCE \r12Aeronautical services are subject to all of the processes described above in the same general way as any other radio service. The allocations to the aeronautical mobile and aeronautical radio navigation service are part of the common spectrum resource and are required to be justified on a continuous basis, requesting additions when necessary, and releasing frequencies which are no longer required.

6.4.2ADVANCE \r12The specific areas where the special role of radio in air operations is fully recognized, as noted above, are:

a)
the technical control and management of the exclusive allocations to these services is allowed to be carried out by aeronautical experts, both inter​nationally and nationally, in a majority of countries. In this, the ICAO performs a coordinating function, providing the international focus for forward review of needs, the development of technical planning standards, and the registration of regional use. National aviation experts participate fully in these activities;

b)
equipment and system approval by aviation is accepted in the recognition that ground systems must meet operational standards based on safety, and aircraft equipment must obtain type approval and airworthiness certification also based on safety requirements under national responsibilities emanating from the ICAO Convention; and

c)
cases of interference to aeronautical radio services are treated in the Radio Regu​lations as requiring special measures. National telecommunications admin​​istrations are required to take particular care in the licensing and oper​ation of other services and industrial processes using radio waves which have the potential to endanger these safety-of-life functions.
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6.5  SPECTRUM MANAGEMENT

IN THE FUTURE
6.5.1ADVANCE \r12The worldwide demand for frequencies continues to increase, placing considerable pressures on the frequency management process. Growth patterns vary between world regions, with developed economies experiencing expansions in mobile communications, both terrestrial and satellite, and in sound and television broad​casting. Elsewhere, fixed links for point‑to‑point communications are important in areas without an extensive infrastructure, or where radio services in large areas with difficult terrain have to be developed. Bandwidth efficient technologies, particularly the use of digital modulations, can provide substantial gains in the amount of infor​​mation processed per unit of bandwidth. Attention is also strongly focused on the release of spectrum no longer needed, or inefficiently used, or where the service concerned fails to argue the case for retention.
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6.5.2ADVANCE \r12In this new approach, spectrum earmarked for use at some point in the future, or where no plans exist for use, can no longer be retained, effectively creating a situation in which it may never be possible to successfully reinstate a claim. In this process, the aeronautical service, with its long timescales for international agreement and coordination, is at a serious disadvantage compared to other services, parti​cularly those services where commercial considerations are the only ones. Instances of arbitrary forcible release of spectrum because of only limited use are expected to increase.

ADVANCE \d3
6.5.3ADVANCE \r12Demand is unlikely to be satisfied solely by the application of the procedures of administrative negotiation and agreement used in the past, in which majority support at ITU conferences has been the criterion for change. Further, there are practical limits to the technical sharing of frequencies between services (i.e. shared allocations) which in the final analysis often merely delays eventual saturation. Spectrum managers are therefore seeking fresh initiatives to provide more effective ways of awarding and recovering frequencies.
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6.5.4ADVANCE \r12In some countries, procedures are being introduced in which the recognition of economic forces would play a control​ling role. Spectrum award to the highest bidder and licensing costs are the parameters in which market forces will be applied to restrict demand, ration allocations, and effect the speedy return of fre​quencies no longer needed. While this is initially applicable to high profile services, such as land mobile and broadcasting, and in congested areas, it will in the longer term affect aeronautical allocations, increasing the cost of licenses and applying pressures to release under‑used frequencies. Although there is some recog​ni​tion that for any methodology to be completely viable it must pay regard to essen​tial social and community services and protect their interests, this reasoning has not yet been extended to include aviation, which spectrum managers are coming to regard as just another type of commercial operation, albeit with some special safety connotations.
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6.5.5ADVANCE \r12Future aeronautical radio services are anticipated to make much greater use of bandwidth efficient systems, such as digitized and integrated voice and data for air‑ground communications, and the application of modern technology for reduction of channel spacing and increased channel capacity. In the radionavigation field, a progressively greater use of GNSS may in the longer term reduce the number of terrestrial navaids. New requirements for frequencies for GNSS augmentation, automatic dependent surveillance (ADS), etc., can then be met without the need to request new allocations. The overall effect of these technological improvements is to meet the expected increase in air traffic around the world in the years ahead C in some areas greater than two times C and perhaps up to and beyond the year 2015, without any significant increase in spectrum. In the allocation of HF allotments, however, there is evidence that insufficient spectrum was made available in the 1978 Appendix 27 to bridge the gap up to the time of the fuller implementation of satellite‑based services.
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6.6  SPECTRUM MANAGEMENT SUMMARY
The objective of radio frequency spectrum management is to create a rational, controlled regime whereby the scarce radio frequency resource is planned in such a manner so as to meet, to the maximum extent possible, the competing and conflicting demands of all of the radio services intending to make use of it. It is characterized by an international treaty agreement within the ITU on the principles and objectives to be adhered to in pursuance of agreed international policies, which include, in par-ticular, the following:
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a)
a complementary set of domains addressing the separate aspects of allo-cations, supporting regulations, technical planning, service licensing and frequency registration, embodied within an enabling set of agreed radio regulations;
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b)
the application of these agreed principles and measures within national terri​tories by national telecommunications and administrations. This process also includes the national coordination role for both implementation of the agree​ments and for the development of coordinated national proposals for the purpose of international negotiation and agreement;

c)
the recognition that radio plays a vital role in the safe operation of aircraft, and the acceptance that aviation, through ICAO, may create standards for equipment and for frequency plans; and

d)
the realization that technical and regulatory measures alone cannot meet all future demands of radio services for access to scarce frequencies. Present trends are leading to a consideration of other means, including in particular the restriction of demand through the application of economic measures, such as for example administrative pricing, and auction of frequency bands to the highest bidder.
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