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Introduction

1.
At the invitation of the ITU Secretary-General, a workshop was held in Geneva, from 
16-18 February 2004, to discuss the topic of “Radio Spectrum Management for a Converging World”. The Workshop was organized jointly by the Strategy and Policy Unit and the Radiocommunication Bureau as part of the Secretary-General’s “New Initiatives” programme. Some [72] participants took part in the meeting, representing a range of spectrum management bodies, regulatory and policy-making agencies, service providers, manufacturers and other private firms, international and regional organizations, academic institutions and others. Those present at the meeting participated in an individual capacity. Michael Goddard, Director of Spectrum and International Policy of the newly-created Office of Communications (Ofcom) in the UK, chaired the meeting.

2.
A background paper on general policy issues (RSM/07) together with a briefing paper on advanced wireless technologies and their implications for spectrum management (RSM/08) had been prepared in advance of the Workshop and were presented and discussed. In addition, a number of case studies had been commissioned and were presented, covering Australia (RSM/04), Guatemala (RSM/05) and the United Kingdom (RSM/06)
. The experiences of a number of other countries and regions were presented, including those of Brazil, Canada, the European Union, France, India, Ireland, Republic of Korea, Japan, New Zealand, Nigeria, and the United States. Private sector presentations included the cases of Alvarion, Vodafone and Thales, while research results were presented by Prof Thomas Hazlett (Manhattan Institute, USA) and Nobuo Ikeda (RIETI, Japan). The concerns of specific categories of users were also presented, including the broadcast sector (EBU), the aviation sector (IATA) and the satellite sector (INMARSAT). Information was also provided on the progressive development of legislation on spectrum management in the Russian Federation and Ukraine. The process is also typical of other countries of the Regional Commonwealth in the field of Communications (RCC). A glossary of some terms used in the workshop is provided in Annex 1. It was agreed that the information provided and the discussion generated were extremely useful, both as a means of sharing experiences among ITU Member States and Sector Members, and reported to the ITU Sectors. Other countries are encouraged to make information available via the website established for this project.

Country Case Studies

3.
Fabio Leite presented the case of Australia, which had liberalised its spectrum management regime by introducing a combination of secondary trading and administrative incentive pricing. Introduced in 1997, secondary trading in Australia is conducted on the basis of Standard Trading Units (STUs) that represent blocks of spectrum defined by geographic and bandwidth boundaries.  Licence holders are able to sell, lease, repackage and change the use of the STUs that they are assigned. Notably, the introduction of market-based reforms and secondary trading has had the effect of bringing the price of spectrum licences down at the point of initial assignment through auction. It has also provided great flexibility in meeting periods of high spectrum demand, as was seen by the creation of spectrum spot markets during the 2000 Sydney Olympics. Australia has also liberalized its equipment and standards accreditation process. Currently more conformity applications are registered by accredited persons than by the ACA, the official accreditation body. In the area of new technologies, it is currently looking into the prospect of class licensing Ultra Wide Band (UWB) devices.

4.
Prof. Giancarlo Ibarguen presented the case of Guatemala, which had reformed its telecommunications sector in 1996 by the introduction of a system of tradable usufruct titles for spectrum (TUFs). Holders of TUFs can sell, lease, reconfigure and change the use of their spectrum rights.  In addition, under the reform, all frequencies not previously assigned were introduced into the market on a “first come, first served” basis. In cases where more than one interested party applies for the same frequency, a primary licence auction is held to determine the assignment. The immediate effect of this reform has been the lowering of the price of wireless licences per MHz. This in turn led to a sharper increase in mobile penetration rates and mobile traffic relative to its neighbours. The TUF system of tradable rights has also enabled significant flexibility in terms of coverage, allowing the broadcasting sector to reorganize their spectrum rights to match new broadcasting coverage boundaries introduced by the regulator.

5.
Prof. Martin Cave presented the case of the United Kingdom, which is in the process of making the transition towards secondary trading. The newly-established converged regulator, OFCOM, intends to pursue a strategy of reserving spectrum for some public services, which are subject to administrative incentive pricing, and introducing secondary trading. Frequencies are initially assigned by a primary licence auction or administrative action with pricing. Secondary trading, which would progressively involve changes in ownership, reconfiguration and changes in use, is expected to be introduced over a four-year period (2004-2007). Currently, the UK applies a system of administrative incentive pricing to its spectrum users based on the opportunity cost use of spectrum.

Country experiences in spectrum management 

6.
Kiyoshi Kono presented Japan’s radio policy strategy, which involves a dynamic review by the government of its frequency allocations, in light of new technologies and services, and a subsequent rapid refarming of spectrum that is not being used efficiently. Auctions are not currently in use in Japan.

7.
In his presentation, Oh Sung Kon of the Republic of Korea also highlighted the need to ensure that spectrum planning takes into account the introduction of new technologies and services. Korea’s spectrum planning activities take into account the planned launch of nationwide services such as 4G services, telematics and next generation broadcasting in the near future. 

A number of other issues were also raised during the discussion that followed:

8.
The topic of high spectrum licence prices resulting from primary licence auctions was raised in the context of countries that have introduced secondary trading. Although it was generally assumed that secondary trading would bring about higher bids at auctions for initial rights due to a lowering of barriers to market entry, the example of Australia and Guatemala, two countries that have introduced liberalisation of spectrum use and secondary trading, have shown that spectrum licence prices at auction were generally lower than in comparable countries.

9.
The question of whether market liberalisation brings about increased competition and a subsequent need for greater ex post regulatory intervention was also raised in the context of secondary trading. The experience of Guatemala has shown an increase in competition despite the absence of ex post competition law rules. Examples from Australia and New Zealand have also shown no significant need for ex post regulatory intervention in the secondary market. 

10.
The importance of allowing changes in spectrum use was highlighted as a key factor in improving the economic efficiency of spectrum use. In the United States, Nextel has acquired (through a series of purchases) a network of radio trunking licences used for dispatch services. This has been converted into a nationwide licence to provide public mobile telephony. This illustrates the value of a simplified procedure to allow changes in spectrum use.

11.
Although secondary trading has been introduced in Australia, New Zealand and Guatemala, the government nevertheless reserves certain bands for specific services and not subject to secondary trading regimes. For example, Australia does not subject satellite services to secondary trading (although it does apply pricing) while the New Zealand government retains the rights over spectrum used for public service broadcasting. Services where governments require universal service provision, in particular, are generally deemed unsuitable for secondary trading. Nevertheless, it was noted that governments could nevertheless pay market rates for the spectrum input that is required to achieve universal service goals.

12.
During the discussions, it was also recalled that secondary trading was not purely an issue for developed countries. It was highlighted that some developing countries might also benefit from the introduction of a secondary trading regime by allowing the intensely competitive mobile services market the flexibility to consolidate or reorganize, or to gain access to more spectrum.

13.
The question of how to manage the global proliferation of devices designed to operate in licence-exempt spectrum bands was also discussed. In Guatemala, for example, devices designed for unlicensed use in another country were imported into the country and caused interference with licensed operations in Guatemala. The parties involved resolved the situation without government intervention.

14.
The question of how to make the transition to new approaches, such as secondary trading and wider licence-exempt use, was raised in the context of incumbent expectations, especially in instances where business plans have been made with certain regulatory assumptions. It was highlighted subsequently that incumbent interests should be taken into account but not act as a barrier to regulatory reform and increased competition through new market entrants. 

15.
The need to address the balance between commercial and defence use of spectrum was highlighted by some participants. In the United States, its defence community was increasingly relying on technology to make more flexible use of its spectrum, gaining access to additional spectrum as required. In the United Kingdom, the application of spectrum pricing to defence spectrum, coupled with spectrum audits and close cooperation, had resulted in spectrum being released for commercial use.

The topic of spectrum management and development was also discussed during the workshop.

16.
Marco Tavares presented on the regulatory reforms taking place in Brazil, which include the introduction of spectrum sharing arrangements and a study of the feasibility of spectrum leasing. In developing their spectrum management strategy, Brazil recognises the need for technology neutral policies towards spectrum use as well as the need to be responsive to the introduction of new technologies.
17.
The experience of India illustrated the need for adequate spectrum for commercial usage, especially where mobile telephony is the primary means for voice communications. The level of competition in the mobile services sector is India high with the Government having introduced a concept of unified access licensing where mobile operators can provide fixed services and vice versa. With a view towards facilitating telecommunications penetration, the Government is currently making available more spectrum available from the defence sector for commercial needs. 

18.
In Nigeria, experience showed that in order to ensure that nationwide spectrum resources were utilised efficiently, it was necessary to package spectrum according to regions (particularly in terms of distinguishing urban from rural spectrum) as well as to establish certain network roll-out conditions that were attached to spectrum licences. The auction experience in Nigeria has been mixed with many operators unable to meet roll-out obligations. Nigeria is currently examining how to improve the spectrum management regime in order to allow new operators to come into the market in order to replace or reinvest in operators who are unable to roll-out their networks.   

19.
It was emphasised that some developing countries have experienced a tremendous growth in demand for mobile services, highlighting the need for efficient spectrum management. A practical approach would be to pool resources and experience on a regional basis to deal with spectrum management issues, including the need to address training requirements, for instance through ITU Centres of Excellence.

Impact of new approaches to spectrum management on specific categories of users: broadcasting, aviation and satellite

Broadcasting

20.
Philip Laven presented the case of broadcasting.  He suggested that broadcasting is a special case because of the obligation imposed by government to provide universal, or near universal, coverage. This is expensive in infrastructure and spectrum because the law of diminishing returns applies. Two or three UHF channels suffice for 70% coverage but 99% requires 7 to10 channels. Spectrum pricing was intended to incentivise more efficient use of spectrum but this conflicts with the universal coverage obligation. Digital switchover would deliver spectrum gains but achievement of this was in the hands of government and consumers, not broadcasters. Broadcasters already have every incentive to migrate to digital because digital transmission is cheaper than analogue and simulcasting in analogue and digital is expensive.

21.
He made the point that digital receivers were very sensitive to small increases in the noise floor so using the gaps in interleaved broadcasting spectrum could interfere with reception unless very carefully coordinated. These gaps were used by services ancillary to broadcasting. If they had been used for licence exempt services, the migration to digital would have been much more difficult as it relies on using the gaps.

22.
In a lively discussion, it was suggested that universal coverage could be reconciled with greater spectrum efficiency by using cable and satellite. Several countries already have substantial cable and satellite penetration. In addition, broadcasters can influence timing of switchover by advertising, providing compelling content and offering added value services, although they do not necessarily prefer earlier switchover. Added competition from extra digital channels gives a commercial incentive to delay. Finally, it was argued that, in a converging world, broadcasting should be treated for pricing and trading purposes in the same way as other competing platforms for multimedia content and services, despite a possible use of terrestrial spectrum for mobile reception. Content regulation could be regarded separately from transmission regulation. 

Satellites

23.
Ann Vandenbroucke presented on satellites. She expressed the concerns of the satellite community about the possible effects of the new approaches. These relate to the fragmentation of internationally harmonised spectrum, interference, the jeopardisation of international cooperation and risk of hoarding, disincentives for investment if spectrum availability was more expensive or uncertain and loss of services with social value on a global scale. The case of the L-band MoU provides a good example of how satellites use spectrum efficiently with high degree of sharing. Inclusive procedures allow new services. Existing international coordination work extremely well and should not be put at risk.

24.
In discussion, it was suggested that new methods may be applicable to satellites. Protecting satellite services from interference can impose an opportunity cost and this should be reflected in amounts charged. If satellites want equal recognition in national spectrum planning as terrestrial services, it was right in principle that they should be charged a fee that reflects the opportunity cost, although this might not be very large. It was mentioned that, in Australia, the users and providers of satellite services have accepted the introduction of charges in return for greater assurance of spectrum quality, which international coordination did not by itself provide. Introduction of pricing need not adversely affect existing international coordination, which would continue to be required. 

Aviation

25.
Barbara D’Amato presented on aviation. She stressed the need to give the highest priority to safe, efficient operations. Spectrum was used in aviation for communications, navigation and surveillance. Integrity of the systems, on which safety of life depends, required freedom from interference and worldwide compatibility. Aviation differs from other industries because of the degree of international regulation and necessarily strict certification and safety standards. In addition, competition between air navigation services is limited, as it would not be desirable to have two competing services handling one aircraft at the same time. She recognised a responsibility on aviation to use spectrum as efficiently as possible and referred to agenda item 1.6 for WRC 07.

26.
In discussion, it was recognised that aviation has a number of distinguishing features. However, this is not true of all aviation applications and there may be scope for the new methods to be applied selectively to some aeronautical services to provide incentives to use spectrum more efficiently. However, it would be essential not to compromise safety.

Spectrum management and advanced wireless technologies

27.
Taylor Reynolds, in background paper RSM/08, considered the suggested advantages and possible drawbacks of advanced wireless technologies on future spectrum management. These are summarised in table 1 below.

28.
In addition, methods for assessing the impact of new technologies were reviewed such as noise temperature and co-existence models.

29.
Technology is blurring traditional service lines and while there is a large demand for spectrum access in bands below 3 GHz, spectrum monitoring suggests there is considerable spectrum availability (both in time and geographically). Consumer demand is increasing for a wide range of plug-and-play wireless products. There is a rapid expansion of ubiquitous RF broadband networks that require increased bandwidth. In addition to the demands for flexible use of spectrum there is pressure to harmonize use of the spectrum to achieve economies of scale. New spectrum access-enabling technologies may require new approaches to spectrum regulations and policies.

	Table 1:  Advantages and drawbacks of different wireless technologies, which are under study



	Wireless technology
	Suggested advantages
	Possible drawbacks

	Allowing underlays
	UWB allows highly efficient use of the noise floor with limited effect on licensed users.
	Strong resistance from current licensees, for fear of interference



	
	The wider the usable band, the lower the power needed to transmit
	Adding more UWB devices raises overall noise

	
	Could form the foundation of future mesh networks
	

	Multi-use software defined radios
	Software-defined radios can reduce the number of wireless technologies people need to carry
	Regulation will need to start moving away from hardware to software



	
	Radios could be updated on-the-fly to conform to new regulations
	Software can be hacked out of compliance

	Mesh networks
	Reduce distance each radio needs to communicate
	Requirement for increased data transmission reduces battery life

	
	Bandwidth increases with the number of users on the network
	Security and revenue concerns.

	
	Excellent network for using UWB and smart antennas
	Regulatory implications


Improving the international spectrum regulatory framework and implications for the ITU

30.
A presentation on the work of ITU-R Study Group 1 by its Chairman Mr Terry Jeacock (Ofcom, UK) explained how many of the issues raised in the Workshop were already being addressed by the ITU-R, including the impact of new technologies and new approaches to spectrum management (including economic mechanisms). The Workshop encouraged active participation in this work and confirmed that the ITU-R can and should continue to provide guidance on spectrum management approaches. In order to assist countries in their decision-making, it was important that this source of information identified both strengths and weaknesses of alternative approaches. The work of ITU-R SG1 was considered of particular value to developing countries and the Workshop noted the close linkage with the activities of ITU-D.

31.
Some countries have developed a flexible, market-based approach to spectrum management within the framework of the existing international regulations. Many of the new technologies discussed at the Workshop fall within the traditional broad international service definitions and most fall within just one or two of those definitions (such as fixed and mobile). However there have been many discussions about whether a new application falls within the mobile service or whether it is fixed; whether certain services transmitted over a broadcasting channel are truly broadcasting; whether a position-fixing system is radiolocation or mobile; and more generally whether the current definitions are applicable in an era of convergence. There was some support for the idea of making allocations on a more generic basis and avoiding allocations to a specific application or technology. However there was considerable reluctance to open a wide-ranging review of definitions as this may be very resource intensive and may not be necessary.  The only issues identified related to the fixed, mobile and possibly broadcasting services; and here it may only be necessary to adopt a more flexible interpretation of the existing definitions, or to modernise them.

32.
Whilst the application of administrative pricing was considered to be a predominantly national issue it was noted that some countries that have taken a more radical approach to spectrum trading have few, if any, land borders. Australia and New Zealand are clear examples.  For many countries the interaction with neighbouring countries would suggest a need for regional cooperation. In these situations, broadening of definitions would be important to allow the full benefits of trading to be realised. Further consideration should be given to this issue, which was highlighted as a particular concern.

33.
There were requests for spectrum to be identified at the international level for new applications and technologies in order to provide larger markets, economies of scale and international roaming. There was increasing evidence of international technical standardization being developed by the industry, rather than regulatory bodies, especially in licence-exempt bands. Future requirements for bands suitable for licence-exempt equipment may need to be addressed, for example, in ITU-R Recommendations, to ensure timely access and a high degree of harmonisation. The decision as to whether to exempt from licensing is a national matter which may need to take into account licence revenue issues and competition issues relating to the use of other (licensed) bands. Nevertheless, a need for coordination at the international level first before states take decisions was recognised, as it could have adverse cross-border effects.

ANNEX 1:  Glossary of selected terms used in the workshop discussions

Administrative incentive pricing: licensees are charged a fee for access to spectrum which depends on some estimate of the value of that spectrum to the economy or to society—typically described as its “opportunity cost”; this is designed to encourage economy in spectrum use; unwanted spectrum might either be returned to the Government or regulator, or there may be provision for the licensee to make it available by sale or lease to others via a market process.

Command and control: the Government, or its agency, makes (or accepts from an international body) the allocation of a band to a particular purpose; spectrum within the band is assigned to a licensee or licensees via an administrative process; a charge may be levied on licensees, normally to cover administrative costs; the licence usually authorizes the licensee to utilize spectrum-using equipment specified as to location, power and other variables, the restrictions being designed to avoid interference with other licensees in adjoining geographical areas or bands.

Licence-exempt spectrum: access to spectrum does not require prior authorization; any user satisfying certain conditions—usually relating to the power of the equipment employed—may have access to the band in question; under this approach known also as the “spectrum commons”, there is a greater risk of interference and congestion and it is difficult for the regulator to regain control of the spectrum.
Primary licence auctions: this describes a method of assignment of a licence to firms or other organizations when a band is first made available or when it has been returned, for reassignment, to the regulator; instead of an administrative procedure being undertaken, an auction is conducted in which the highest bidder(s) are allocated the licence(s). So far, auctions have been conducted for licences associated with specific purposes, such as 3G wireless or broadband fixed wireless access. Auctions could, however, attract competitors proposing to utilize the spectrum for a range of different purposes, such as broadcasting and mobile telephony.

Secondary trading: under this regime, licences (however first assigned) can be subsequently traded by buyers and sellers, without necessarily passing through the regulator’s hands. The transaction may take various forms: change of ownership only, with no variation to the use to which the spectrum is put; reconfiguration, such that the licence is broken up into different parts, by geography, time or frequency, and the parts as sold, or several previously separate licences are combined; and change of use, such that the spectrum to which the licence grants access is employed to produce a service different from its previous one. These three dimensions of change can be combined in various ways (e.g. change of owner, reconfiguration and change of use). Change of use will, however, require a modification of the conventional apparatus-licensing approach, as a new use will require different apparatus.

Source:
Edited extract from Martin Cave (2004) “Radio Spectrum Management for a Converging World: The case of the United Kingdom”, RSM/06, available at: http://www.itu.int/osg/spu/ni/spectrum/UK-RSM.doc. 

� All of the meeting documents and presentations are available on the ITU website at: � HYPERLINK "http://www.itu.int/broadband" ��www.itu.int/spectrum� and will be published later as part of the proceedings of this workshop.
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