International Developments in spectrum policy, management concepts and tools

Alternative methods to administrative assignment
Economists since Ronald Coase (1959) have argued that allocating radio spectrum by administrative fiat makes little sense and that establishing a market for spectrum, in which owners could buy, sell, subdivide and aggregate it would lead to a much better allocation of the resource
. Their argument is that markets are more efficient at allocating resources than regulators, as their ability to capture all the information on supply and demand is greater, and more rapid, than that of a centralised planner.

A more liberal approach towards spectrum management would define rights clearly, preferably in both a technology- and service-neutral way, and then assign rights to individual users via an auction with the proviso that they could subsequently be traded openly. Thus the market would decide not only who should have the licence (because the auction would assign it to the most efficient operator who places the highest value on the spectrum), but what services should be provided. If one business model failed, the rights would be bought by another operator with a different model, rather than the spectrum lying fallow for a period.

Internationally, there is now a trend of relying more strongly on market forces in spectrum management. Some countries have kept control over functions such as spectrum allocation (deciding what spectrum should be used for what purpose and, sometimes, using which technology), while increasingly relying on market mechanisms such as auctions to assign spectrum – that is, to decide who gets the right to use it. Other countries have moved further towards deregulating spectrum management by allowing for market-based allocation of spectrum uses. At the same time, new technological developments are enabling different methods of spectrum management, particularly those involving the sharing of spectrum amongst different users, to be considered.

Examples of Policy Developments in other countries

In Canada, an extensive review of government regulation of telecommunications was recently completed by the Telecommunications Policy Review Panel (TPRP). In the opinion of the TPRP, “Canada needs a policy framework that supports a strong and vibrant industry, enhances the efficient use of spectrum and facilitates the adoption of wireless”. The Canadian government has expressed general support for the broad thrust of the TPRP report, in particular the move toward reliance on market forces to the maximum extent feasible. 

Canada recognizes, as do many other administrations, the importance of relying on market forces in spectrum management, to the maximum extent feasible. This includes aspects such as the removal of barriers to secondary markets for spectrum authorizations. However, it is recognized that there will also be a need to make spectrum available for a range of services that are in the public interest, but may not be driven by market forces. In particular, spectrum will continue to be made available to meet requirements for sovereignty, security and public safety.  This decision to rely to a greater extent on market forces must be tempered by the continued need for the management of the resource. However regulation, where required, should be minimally intrusive, transparent, efficient and effective. 

In the Netherlands, a combination of technological and market developments and a changing outlook on spectrum utilisation prompted the Government to evaluate its radio spectrum policy.  A Radio Spectrum Policy Commission was also asked to advise the Government about future spectrum policy and presented its advice in 2004.  The Dutch Government shares the Commission’s opinion that future radio spectrum policy should react better to changing market conditions and technological developments than in the past.  The emphasis should be on more flexibility by simplifying existing allocation and assignment procedures and on lowering or removing entry barriers.  The Government is also of the opinion that users themselves may be given the responsibility to co-ordinate frequency use to a far greater extent than currently.  
All in all, the Dutch Government will exercise regulatory restraint in its radio spectrum policy where frequencies used for economic activities are concerned. It will also safeguard applications of a public interest nature (such as safety and security, public service broadcasting, meteorology and radio astronomy) in its radio spectrum policy. It considers these tasks so beneficial to society that access to sufficient spectrum is guaranteed. In this context, the underlying principle is that the assignment of frequencies for public interest tasks should not be more than needed for the exercise of these tasks and will be based on a needs justification plan. As spectrum assigned for public interest tasks will not always be fully used all of the time, the possibility of third party use of such spectrum will be examined.    

Developments in Other Countries 
The spectrum management programs of other countries are facing similar challenges to those in Canada and the Netherlands. A number of countries, such as Australia, the United Kingdom and the United States have undertaken extensive reviews of their spectrum management programs, and are currently implementing changes. A common finding in these reviews is that traditional methods of spectrum management have often impeded access to spectrum and are slow to adapt to changes in technology and markets. As a result of these reviews, these countries are taking steps to evolve from a prescriptive style of spectrum management to an approach that embraces more flexibility and a greater reliance on market forces. 

International Developments in Spectrum Management
Australia
Australia was one of the first countries to use market-based mechanisms to allocate and manage radio frequency spectrum. Market-based allocation of spectrum rights was introduced in 1992 as part of the Australian Government’s micro-economic reform agenda to increase competition and competitiveness.  Radiocommunications licences in Australia can take one of three forms:

· apparatus licences (device-based). 
Typically, these prescribe the equipment, its location, power and frequency. They have terms of up to five years and annual fees are payable. Apparatus licences are usually allocated administratively and have a presumption of renewal;

· class licences (application-based). 
These “spectrum commons” or “public park” licences accommodate the use of low power devices on a “no protection, no interference basis”. No fees are paid by the users of class-licensed devices;

· spectrum licences (technology and service neutral). 
Assigned primarily by auction, spectrum licences have terms up to 15 years over spectrum which has been cleared. Licensees have the flexibility to decide spectrum use within certain broad conditions and have the ability to trade or lease licences. An annual spectrum licence tax is charged to allow the ACA to recover the costs of managing spectrum. About 2.7GHz of bandwidth has been allocated through spectrum licences in Australia to date. 

Auctions are used where there is excess demand for spectrum because they are quick, fair and transparent. The regulatory philosophy encourages the trading and leasing of spectrum in the secondary market, both for apparatus licences which can be traded in whole, and for spectrum licences which can be traded in whole or in part, by geography and/or bandwidth. It is anticipated that secondary markets (trading) will play an increasingly significant role in allocating spectrum to different users and new uses in Australia. 

Two features of the Australian system – Administrative Incentive Pricing and the Standard Trading Unit – are examined in more detail below. 
Administrative incentive pricing 

Apparatus licences, which make up the bulk of licences issued, are priced administratively, with a fee formula which aims to encourage efficient use of spectrum – a system known as administrative incentive pricing (AIP). The system has two objectives:

· to act as a rationing device and be set in a manner that encourages efficient use of spectrum [NB check actual ITU wording as this doesn’t make sense]

· to deliver a fair return to the community for the private use of a community resource

The radiocommunications licence taxes (for transmitters and receivers) are based on a formula that takes into account:

· the spectrum location authorised by a licence (some spectrum bands are in higher demand and are therefore more congested than other bands);

· the amount of spectrum (bandwidth) used by a licensee;

· the geographic coverage authorised by the licence; and

· the power of the transmitter (transmitters operating a low power will attract a discount).

ACA acknowledges that, in the interests of simplicity and accessibility to spectrum users, the fee formula incorporates some compromises and a degree of crudeness in the manner in which different factors are measured and charged. Since introducing the fee formula in 1995, the ACA has continued to monitor and adjust the fees. The ACA has a programme to review fee levels, in particular in bands which are experiencing congestion and in which there is arguably a case for increasing fees. Ideally, in spectrum bands and geographic locations where there is scarcity and congestion, fees should be set at “market” levels. However, the task of establishing those market levels is very difficult. Methods by which values might be established that would match supply with demand include:

· shadow pricing against auction outcomes;

· shadow pricing against alternative (non-wireless) service delivery mechanisms;

· gathering evidence of market values from observing trading in the secondary market; and

· where there is evidence of congestion (excess demand) in a band or location, gradually increasing annual spectrum charges to the level which causes an easing of that congestion.

In addition to commercial services, the ACA levies spectrum pricing on a number of public users of spectrum. For example, the Department of Defence pays around A$8.4 million each year for spectrum reserved in the defence bands and A$245 000 for classified assignments. Although it may be difficult to make judgements about opportunity costs in the defence environment, for example security reasons may prevent full disclosure of the purpose for which the spectrum is used, the ACA nevertheless believes that charges for defence spectrum should continue to be made on the same basis as for other users. This provides the best assurance that there will be an incentive for the Department of Defence to make efficient use of spectrum, including surrendering spectrum that it no longer requires. It should be noted that there have been several examples where the Department of Defence has been willing to give up or share spectrum

The Standard Trading Unit (STU)

In Australia spectrum blocks owned by licensees are represented in units called standard trading units (STUs). An STU covers a predetermined geographic area and frequency band. STUs can be combined vertically, to provide increased bandwidth, or horizontally, to cover a larger area. An STU is the smallest spectrum unit recognised by the ACA and its bandwidth and geographic dimensions cannot be further sub-divided. In some cases the bandwidth is as small as 0.0125 MHz. The minimum geographic area for an STU is a single cell of a Spectrum Map Grid (the cell size in the Australian Spectrum Map Grid varies by location according to the population density – urban and suburban areas have smaller cells, rural areas have larger ones).

Auction lots of spectrum space are then defined for sale. An auction-lot area is defined by reference to the spectrum map grid. The auction-lot areas are defined to cover the total area available from each band release and with no overlap of areas. Auction-lot areas are created by a process that aggregates map grid cells. The process takes account of the value of populated areas, the incumbent services and the requirements of the technical framework itself – for example, the size of the emission buffer zone.

The ITU comments that “The presence of an independent, strong and skilled spectrum regulatory body, the establishment of market-driven approaches – such as the attribution of property rights on spectrum to licensees allowed to trade their assets, the spectrum licensing scheme based on technological neutrality and trading, the allocation of spectrum using price-based methods, the delegation of licensing powers to assigned persons within the industry, a streamlined self-declaration compliance arrangement for radio equipment, electronic and electrical products – and a highly effective consultation-based process for the implementation, revision and improvement of the regulatory framework – make Australia a unique benchmark of modern spectrum management administration.

France

ANFR, the body responsible for frequency allocation in France
, uses a system of spectrum re-farming to improve the efficiency of frequency use. Spectrum re-farming is defined by the ITU
 as:

“Spectrum redeployment (spectrum re-farming) is a combination of administrative, financial and technical measures aimed at removing users or equipment of the existing frequency assignments either completely or partially from a particular frequency band. The frequency band may then be allocated to the same or different service(s). These measures may be implemented in short, medium or long time-scales.”

ANFR’s objectives in respect of spectrum re-farming are:

· to estimate the cost of spectrum re-farming;

· to set up an achievement schedule;

· to control the implementation of re-farming; and,
· to manage the re-farming fund.

Financing of the re-farming of spectrum is decided on a case-by-case basis. Ministries and regulatory authorities submit proposals, which are examined by the Commission of the “Fond de Remenagement de Spectre” (FRS) or re-farming fund, for decision by the Director General of the ANFR. Agreements must be approved by the Board of ANFR. The fund itself is managed by ANFR, with funding coming from contributions from public bodies and from private bodies – e.g. new entrants to a frequency band may be required to provide reimbursement for the re-farming work which facilitated their entry. Up to 2007, €40m had been spent on re-farming of spectrum in France. Re-farming operations since 2002 include analogue TV spectrum to ensure the rollout of DTT and withdrawal by the Ministry of Defence of fixed services to make room for mobile 3G services in some French overseas territories. Further spectrum currently used by the Ministry of Defence (in the 3G expansion band and for fixed services in other French overseas territories) will be vacated in 2008. 

Guatemala & El Salavador

Radio spectrum in Guatemala was liberalised in 1996, with a guiding vision of the value of liberty, strong property rights and the rule of law. Economic efficiency played a role, though secondary, in making the case for market reform. Spectrum rights in Guatemala are granted in fully transferable and fragmentable frequency usage titles (Titulos de Usofructos de Frecuencias or “TUF”s, also known as usufructs), which have technical limitations to protect against interference but which have no service limitations. In the Guatemalan Civil Code, the usufruct carries the right to use and enjoy the property of another to the extent that such use and enjoyment does not destroy or diminish its essential substance. The 1996 law specifically states that the TUF may be leased, sold, subdivided or consolidated for a limited period (fifteen years).

El Salvador arrived at a similar outcome via less radical means in a 1997 statute. Concessions for the use of frequencies extend for a 20 year period, and can be transferred or subdivided in frequency, geographic, and time dimensions without regulatory approval. Rights holders are free to use technologies. While a national table of frequency allocations describes the type of services frequencies are allocated for, these are non-binding and rights holders may depart from the allocations without penalty. As in Guatemala, the regulator is directed to issue requested licences, using auctions for contested applications.

New Zealand
New Zealand has shown that it is feasible to create tradable spectrum rights and to auction these rights despite the presence of incumbents in the bands. Until 1989 administrative radio licensing was the sole means for managing access to the spectrum resource. The Radiocommunications Act 1989, however, introduced a new framework based on tradable long-term leases for periods up to 20 years. The Act provides for the Crown to transfer a frequency band to the new framework by the creation of a Management Right over the range of frequencies concerned (e.g. 88MHz to 108MHz). The Crown may retain the Management Right and grant Spectrum Licences to frequencies within the band, as is the case with most radio and television broadcasting bands, or dispose of the Management Right to another person who may then grant Spectrum Licences. Except for frequencies reserved to meet specific public policy objectives it is current practice to allocate Management Rights, and Spectrum Licences under a Crown-retained Management Right, by way of public auctions or tenders. It is left to the ensuing management rights holders whether or not to trade their rights. There are no restrictions on the activities of the operators, the number of entrants into the markets or specialised licensing requirements.

Singapore
Singapore’s spectrum was traditionally allocated on an administrative basis and charged on a cost-plus recovery pricing approach. However, starting in 2001 when the Infocomms Development Agency (IDA), which is responsible for the management, allocation and use of the radio frequency spectrum, auctioned spectrum for 2G, 3G and LMDS
 spectrum, Singapore has been transiting to a fully market-based spectrum management system and the IDA has now firmly adopted the auction methodology as the mechanism for allocating spectrum. The IDA is planning to move forward on the market-based approach to spectrum allocation and management. They are of the view that to maximise efficiency, market procedures should also be introduced into the management of public sector spectrum holdings.
United Kingdom

In the UK, Ofcom is the regulator for the UK communications industries with responsibilities across television, radio, telecommunications and wireless communications services. One of its key statutory duties is to ensure the optimal use of the electro-magnetic spectrum.  

Ofcom’s spectrum vision is: 
· that spectrum should be free of technology, policy and usage constraints as far as possible;

· that it should be simple and transparent for licence holders to change the ownership and use of spectrum;

· that the rights of spectrum users should be clearly defined and users should feel comfortable that they will not be changed without good cause.
Ofcom will achieve this by: 

· Providing spectrum for licence-exempt use as needed, growing to 7 per cent of the total spectrum; 

· Allowing market forces to prevail through the implementation of trading and liberalisation where possible, to around 72 per cent of the spectrum; and 

· Continuing to manage the remaining 21 per cent of the spectrum using current approaches. 

It will increasingly allow market forces to prevail wherever this is judged to be in the best interests of the citizen-consumer. The key mechanisms it will use to achieve this are:

· Trading of spectrum between users so that they can buy, sell, aggregate and disaggregate spectrum holdings; and 

· Liberalisation of spectrum use, so that increasingly users can change the technology or type of use that they make of the spectrum they hold. 

In terms of specific policies, Ofcom has decided that access to all new frequency bands will be auctioned. For existing bands, pricing will apply to most civil use, including the Ministry of Defence and the emergency services. It was recently extended to radioastronomy and there are plans to extend it to radar and broadcasting. 
United States

In May 2003, the Federal Communications Commission (FCC) adopted a “landmark” order on spectrum leasing that authorised most wireless radio licensees with exclusive rights to their assigned spectrum to enter into spectrum leasing arrangements. Under the leasing rules adopted, licensees in certain services are allowed to lease some or all of their spectrum usage rights to third parties for any amount of spectrum and in any geographic area encompassed by the licence, and for any time within the term of the licence. The order also creates two different mechanisms for spectrum leasing depending on the scope and responsibilities to be assumed by the lessee. 

The first leasing option – “spectrum manager” leasing – enables parties to enter into spectrum leasing arrangements without obtaining prior FCC approval so long as the licensee retains both de jure control of the licence and de facto control over the leased spectrum. The licensee must maintain an oversight role to ensure lessee compliance with the Communications Act and all spectrum related FCC rules. In enforcing the rules, the FCC will look primarily at the licensee on compliance issues but lessees are potentially accountable as well.

The second option – de facto transfer leasing – permits parties to enter into leasing arrangements with prior approval of the FCC, whereby the licensee retains de jure control of the licence while de facto control is transferred to the lessee for the term of the lease. Lessees are directly and primarily responsible for ensuring compliance with all FCC rules. For enforcement purposes the FCC will look primarily to the lessee for compliance, and lessees will be subject to enforcement action as appropriate. Licensees will be responsible for lessee compliance in so far as they have constructive knowledge of the lessee’s failure to comply or violation.

It is clear from this brief survey of developments internationally that governments and regulators are adapting a more flexible and market-led approach to spectrum management than was previously the case. Given the value of spectrum in terms of the economic and social benefits it brings to an economy and its contribution to technological innovation, choosing the right methods for managing this resource is critical. On the one hand, it is clear that the traditional command and control regime is no longer appropriate.  With communications technologies and applications evolving so fast, the allocation and assignment of spectrum needs to be flexible and adaptable. On the other hand, a full market-led approach to spectrum management across all sectors of spectrum use would not be appropriate in areas where social, cultural, safety and security objectives are paramount.  The assignment of spectrum for essential tasks in the field of safety and security and to meet social and cultural objectives must also be accommodated.

Most agencies in charge of spectrum, even those advocating a strong market orientation like Ofcom and the FCC, tend to adopt a careful and progressive approach to changes in management methods.  The road to a competitive spectrum market is more evolutionary than revolutionary.
  From this perspective, Pogorel advocates a progressive shift over time from one spectrum regime to another in response to demonstrated positive technological developments.  Instead of a war of attrition between the different doctrines of command and control, market and commons, we could have an evolutionary process over time between progressive spectrum regimes for clusters of wireless services such as mobile voice and television, fixed wireless access, professional mobile radio, collective use, public safety, etc.  
The main spectrum management concepts and tools are outlined below under the following three headings:

1. Spectrum Management & Primary Assignment

2. Spectrum Management & Degree of License Freedom

3. Spectrum Management & Degree of Exclusivity

1.
Spectrum Management & Primary Assignment

Where spectrum is not scarce, and there is enough to meet the demand from all those who want it, it is generally assigned on a first-come, first-served basis. Where demand exceeds supply, however, rules must be devised to assign it among competing operators or uses. 

Traditionally, these rules have taken the form of administrative processes (also known as “beauty contests”).  “Beauty contests” involve those who are interested in a particular tranche of spectrum making proposals for how they intend to use it. The regulator evaluates the proposals according to certain criteria, which may include proposed coverage commitments, speed of rollout, end-user prices, quality and range of services offered, etc. The main problem with beauty contests is that, because they involve evaluation across a range of criteria which essentially have a subjective element, they are often subject to successful legal challenge, since the courts or appeal bodies may take a different view of how a bid matches the selection criteria than the regulator did. Several “beauty contest” licence awards in Ireland have been subjected to legal challenge; in the case of Orange/Meteor, the High Court case and subsequent appeal to the Supreme Court delayed the award of the third mobile licence by over two years and delayed the development of a truly competitive market, to the detriment of consumers. Beauty contests are also necessarily slow, since all the criteria must be evaluated in a way which will stand up to legal scrutiny. Finally, they create a moral hazard for the regulator, since they involve awarding the licence on the basis of promises of future action by the operator. Although these commitments may be built into the licence conditions, they may be difficult to enforce; if a licensee is in difficulties, a regulator may be reluctant to use the ultimate sanction of withdrawing the licence and awarding it to the next best placed competitor, since that would involve a further delay.

There is now substantial agreement among economists that auctions are the best way to assign scarce spectrum resources, and most European regulators, including ComReg, now frequently use auctions to determine who gets to use spectrum. 

The benefit of an auction
 is that it allocates spectrum to those best able to use it. The companies with the highest value for the spectrum will be willing to bid higher than others, and hence win the licences. Competition is not wasteful, in that administrative costs are low and revenues are created from the scarce asset. Finally, an auction is transparent: everyone can see who won the auction and why. This means that, even if there is legal action by a disgruntled failed applicant, the grounds for the action are limited and decision-making should be quick and relatively simple. This is not to say that there are no problems associated with auctions: private and social values may diverge, because the bidder with the highest private value, rather than the highest social value, wins. Thus other methods may be suitably for the achievement of non-economic policy goals. Moreover, incumbents may be willing or able to bid more than new entrants, because of the greater market power it would enjoy with a monopoly. For this reason, regulators often limit the amount of spectrum any one firm can hold in a geographical area. However, a well designed auction taking account of such factors will result in optimal allocation of services in most areas. 

2.
Spectrum Management & the Degree of Freedom of the License

The terms of a spectrum license determine what the license owner can do with the spectrum. So once a licensee has for example obtained spectrum as the result of auction (or a beauty contest in times past) the licensee must comply with the license terms.  
In the current system, licenses are defined very much in terms of the actual equipment or technology that will be used to deliver a given service in a given band. This is very proscriptive but has the advantage that by carefully controlling neighbouring uses of spectrum, interference can be avoided. This is because knowledge of what technologies and what services are neighbours leads to the definition of guard bands which protect against interference. 
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Figure 1.1: Current Regime

In the system described in Figure 1.1 licensees cannot change how they are using the spectrum, cannot sell or lease the spectrum to others or cannot break the spectrum into smaller sub-bands for other uses. This for example has lead to difficulties for 2G license owners who want to use the 2G spectrum for 3G services to meet market demands. Hence there is an increasing interest internationally in moving away from a very restrictive technology based definition of licenses to definitions that allow much more freedom for spectrum users.  A number of the concepts which provide for greater freedom for spectrum users to maximise the benefits of spectrum are briefly described in the following paragraphs:

Spectrum re-configuration

This allows for the aggregation or partitioning of spectrum according to need. For example, a licensee could make efficiency gains by switching to technologies that use less spectrum, and then partition and sell the spectrum that it no longer needs. Re-configuration also provides greater flexibility, in that a user can buy only what they need. This gives rise to a concern that spectrum re-configuration could result in excessive fragmentation. However, according to the ITU there are three reasons why fragmentation may not be a problem. Firstly, because over-partitioning the spectrum may devalue the asset; secondly, because the cost of carrying out such transactions may be high; and thirdly, because users may hold on to unused spectrum for expansion of their networks at some future date. Where this policy has been introduced – for example, in Australia and Guatemala – fragmentation does not appear to have become an issue.

Change in use

Allowing changes in spectrum use provides greater flexibility and efficiency. As many spectrum decisions as possible are devolved to the market, since market players are in the best position and have the most information to determine what allocations of spectrum would be optimal to meet consumer demands. In the countries that have introduced trading to date, the majority have also allowed for some form of change of use.

Leasing and sharing

This typically involves a partial transfer of a licensee’s rights to spectrum, either for a limited period and/or for a portion of the spectrum encompassed in the licence. Licensees can realise some income from unused spectrum, while market entrants can also get access to it. It also creates a financial incentive for licensees to utilise spectrum more efficiently. Spectrum leasing arrangements have been authorised in the USA.

Change of ownership

Change of ownership means transferring licence rights to a third party in a secondary market, with or without change of use or reconfiguration. It can increase economic efficiency by reassigning the spectrum to the party that values it most, hence exposing the opportunity cost of spectrum. A number of countries, including Australia, New Zealand, Guatemala, the UK and the USA, have introduced some form of change of ownership via secondary markets.
Spectrum licenses of the future can have any or all of these characteristics listed above. Figure 1.2 attempts to capture the notion of complete free licenses that are technology and service neutral (i.e. do not proscribe the services to be delivered nor the technologies to be used) and are fragmented in line with market demands rather than in regulator determined chunks. 
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Figure 1.2 The Technology & Service Neutral Approach. Block Sizes are Market Driven

In terms of efficient use of spectrum, the best outcome will be reached by auctioning rights which allow secondary trading (change of ownership) with change of use. In this way, any errors made by bidders in over-estimating the value of spectrum can be corrected.

3.
The Degree of exclusivity

Irrespective of the form of the licence (whether it is apparatus-based or a right of use, technology- or service-neutral or otherwise), there is a choice to be made: does the licensee enjoy exclusive use of a certain range of frequencies, or is it shared with others? 
3.1
Total Exclusivity

Most spectrum currently allocated under the command-and-control system is based on exclusive rights, with some spectrum commons. Exclusive rights have advantages: they are simpler to define than rights in which spectrum is shared with others, and if combined with liberalisation of use and spectrum trading, could make the development of a market in spectrum easier than when rights are more complex because they are shared. 

An exclusive usage right is sometimes termed a property right, and analogies are drawn with land use. However, it is worth noting that even property ownership rights are not absolute. Governments retain the right to make compulsory purchases of private property (with appropriate compensation) in the interests of the common good. Ownership of a house or land does not necessarily confer ownership of the mineral rights below it, or the airspace above it; thus it could be possible to have an exclusive right to spectrum within a certain band, and above a certain noise floor or below a certain EIRP, with the possibility of an Ultra Wide Band or interleaved spectrum user also operating.

3.2
Sharing

The degree of exclusivity is reduced when sharing is allowed. There are different ways of sharing.

Hierarchical Sharing

The reality of low spectrum occupancy is the main motivation for this type of sharing. In the last number of years a plethora of spectrum occupancy measurements have revealed spectrum occupancy levels as low as 5%. Figure 5.3 is just one sample from set of measurements that shows the reality. The measurements were taken in Dublin in April 2007 by the Shared Spectrum Company using dedicated equipment and cover a time span which begins at 6pm on one evening and continues for 40 hours. The empty spectrum is referred to as white space. High occupancy levels are indicated in red and lower occupancy levels in blue.  
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Figure 1.3: Spectrum Occupancy Measurements, Dublin 2007 (still to be changed)
Spectrum sharing regimes would allow white spaces and low level occupancy bands to be used by those other than the license holders. In these regimes, the holders of licenses to the spectrum are known as primary users. These licensed users have priority access to the spectrum for which they have a license. Unlicensed or secondary users can use the spectrum when the primary user does not need it. 

The unlicensed user detects the white spaces and overlays its own transmissions on the white space making sure not to interfere with other primary users. Spectrum is therefore shared between the licensed (primary) and unlicensed (secondary) users, with licensed primary users having priority. Rather than overlay the secondary user transmission on the white space, an underlay option also exists. In this case the unlicensed (secondary) users share the spectrum by transmitting at the same time as the licensed (primary) but at such low powers as to not detrimentally affect the primary users. Underlay approaches tend to be associated with the delivery of services over shorter distances as the low power necessitated by an underlay approach means short propagation distances.

The concept of sharing the spectrum with incumbents is often referred to as opportunistic use of white space or dynamic spectrum access. The new users do not get a static or dedicated spectrum assignment but instead use ‘whatever is free’. Spectrum sharing undoubtedly is a means of more effectively using available spectrum. The main objections to the approach are based on interference potential to the primary users. However there are technical possibilities (e.g. cognitive radio) for addressing this. 

TV White Spaces – Overlay Example for Information

The TV white spaces in the USA are currently being considered as bands in which this kind of spectrum sharing can take place. Broadcast television services in the United States operate on 6 MHz channels, designated 2 through 69, namely 54 - 806 MHz in the VHF and UHF portions of the radio spectrum. To replace the current channels with digital TV channels, requires less bandwidth, with all the digital TV stations contained within channels 2 - 51. Hence once switchover is finished a portion of the spectrum, channels 52 through 69, namely 698 – 806 MHz, will be reallocated to other services.  In channels the channels occupied by the digital TV stations, i.e. channels 2 - 51, in any given geographical area not all available channels will be used. The reason for this is that certain physical spacing is needed between each digital station to ensure interference won't occur. In addition, in some areas, not all of the channels that could be used by TV stations will be used.  In most rural areas, there are more empty channels than occupied channels. Even in urban areas, a substantial amount of spectrum could be made available for wireless broadband. The proposal on the table is that unlicensed devices will operate as secondary users in the TV white spaces. The TV broadcasters in this scenario are the primary users. Wireless microphones also operate in these bands and are considered to be primary users too. The idea is to deliver broadband wireless using systems that are capable of sensing the presence of both the TV stations and the wireless microphones and to alter their transmission to fit in the white spaces that exist. 

Sharing in a Commons 

In the opportunistic spectrum use scenario of the previous section, two tiers of users exist, namely primary and secondary users. The primary users have priority. In a Commons scenario all users are equal and hence all unlicensed as no users have priority. The Commons with which we are most familiar is that which operates in the Industrial, Scientific and Medical (ISM) bands. There are a number of bands which have been dedicated ISM bands by the ITU. The most well known band is 2.400-2.500 GHz (centre frequency 2.450 GHz) which is the band in which very many wireless local area networks (WLAN) operate. In general the communications equipment must accept any interference generated by other ISM equipment operating in the band.

The ISM bands are very often cited as an example of bands in which there has been much innovation. It is fair to say that a significant amount of progress in wireless communications is due to the technologies that have been developed for this band. The IEEE 802.11 standard is the wireless local area network standard that is the basis of the wireless networks we use in these bands. The development of this universally acceptable standard and the ease at which the associated equipment can be deployed due to the unlicensed status of the bands has lead to huge growth in the area over the past decade. Numerous hot spots exist. Novel applications have been developed. And even more importantly the expectation of universally available high speed wireless access has been created. Many argue that the unlicensed nature of the bands in which the IEEE 802.11 equipment operates has been a huge factor in its success. Hence the interest in more Commons like approaches is not surprising.

One potential downside is known as the Tragedy of the Commons. This arises from the over-use of a free finite resource, simply because it is free. Any commons, whether it be for unlicensed wireless devices or for the grazing of sheep, can suffer in this way. In the case of wireless devices the accumulative interference could potential become so great that proper operation of the radios becomes impossible. In the case of the ISM bands unlicensed devices are constrained to transmit at low powers (e.g. a set of FCC rules, known as Part 15 (subpart B) govern the behaviour of unlicensed devices) in order to help mitigate against such a tragedy occurring too easily. Because of the power limitations, the ISM bands are suitable for shorter communication ranges.

The suggestion of a spectrum commons approach to spectrum management essentially means taking the ideas of the ISM bands further both by designating more bands as Commons and through using more flexible approaches than setting maximum transmission power levels as a means of control.  Politeness protocols or etiquettes have been suggested to this end. An etiquette typically refers to a set of conventional rules of personal behaviour observed in the intercourse of polite society. The exact same principle is applied in the case of radio behaviour in a commons regime. Etiquette would dictate, accepted technical behaviours.  For example etiquette could allow for bargaining between users, should some users want to transmit over longer distances or want greater use of the spectrum at a given time. 
The main advantage of the Commons is to address the barriers to entry that arise within the current Command & Control approach. As an aside it is worth noting that a Commons does not equate to access for all but rather to those who conform to the unlicensed protocol (i.e. unlicensed does not mean unregulated). The Commons also brings with it a philosophy of openness that can lead to innovation, much as in the case of the already much quoted ISM bands.

� Faulhaber, G. & Farber, D.: Spectrum Management: Property Rights, Markets and the Commons


� Source: Spectrum Policy Framework for Canada published by Industry Canada, June 2007 and Radio Spectrum Policy Memorandum 2005 published by Ministry of Economic Affairs, the Netherlands, February 2006.


� Based on Dominique-Jean Rolfo’s presentation to the Working Group.


� France has a two-tier system of spectrum management. ANFR is responsible for frequency allocation – deciding on the use for each frequency band. Frequency assignment – deciding who gets the right to use the frequencies within those bands – is the responsibility of ARCEP, the telecommunications regulator, for spectrum used for telecommunications and feeder links to broadcasting; of CSA, the broadcasting regulator, for spectrum used for broadcasting; and of Ministries and Government agencies for spectrum for their own use.


� Recommendation ITU-R SM.1603


� Local Multipoint Distribution Service (LMDS) is a broadband wireless point-to-multipoint communication system that provides digital two-way voice, data, internet and video services. It is also used to offer Integrated Services Digital Network (ISDN) and leased circuits.


� Based on Philip Rutnam’s presentation to the Working and on Ofcom’s website http://www.ofcom.org.uk/radiocomms/.


� Pogorel G., Regulation and Competitio, Communications & Strategies, no. 65, 1st qtr. 2007, p. 169


� “Spectrum Auctions”, Peter Crampton, in Handbook of Telecommunications Economics Vol, 1: Structure, Regulation and Competition: Cave, M, Majumdar, Sumit K. and Vogelsang, Inge, editors: North-Holland, 2002.
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