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Abstract

Bringing management of the radio spectrum closer to
markets is long overdue. The radio spectrum is a major
component of the infrastructure that underpins the
information society. Spectrum management, however, has
not kept up with major changes in technology, business
practice, and economic policy that have taken place
wortldwide during the last two decades. For many years
traditional government administration of the spectrum
worked reasonably well, but more recently it has led to
growing technical and economic inefficiencies as well as
obstacles to technological innovation. Two alternative
approaches to spectrum management are being tried in
several countries, one driven by the market (tradable
spectrum rights) and another driven by technology
innovation (spectrum commons). This paper discusses
the basic features, advantages and limitations, scope of

application, and requirements for implementation of
these three approaches. The paper then discusses how
these approaches can be made to work under conditions
that typically prevail in developing countries, including
weak rule of law, limited markets, and constrained

fiscal space. Although spectrum reform strategies for
individual countries must be developed case by case,
several broadly applicable strategic options are outlined.
The paper proposes a phased approach to addressing
spectrum reform in a country. It ends by discussing
aspects of institutional design, managing the transition,
and addressing high-level changes such as the transition
to digital television, the path to third-generation mobile
services, launching of wireless fixed broadband services,
and releasing military spectrum. The paper is extensively
annotated and referenced.
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M anaging the Radio Spectrum:
Framework for Reform in Developing Countries

Bjorn Wellenius and Isabel Neto

1 Introduction

Moving management of the radio spectrum closer to markets is long overdue. The radio spec-
trum is a key component of the telecommunications infrastructure that underpins the informa-
tion society. Spectrum management, however, has not kept up with major changes in technol-
ogy, business practice, and economic policy during the last two decades. Traditional spectrum
management practice is predicated on the spectrum being a limited resource that must be
apportioned among uses and users by government administration. For many years this model
worked well, but more recently the spectrum has come under pressure from rapid demand
growth for wireless services and changing patterns of spectrum use. This has led to growing
technical and economic inefficiencies, as well as obstacles to technological innovation. Two
alternative approaches are being tried, one driven by the market (tradable spectrum rights) and
another driven by technology innovation (spectrum commons). Wholesale replacement of cur-
rent practice is unlikely, but the balance between administration, tradable rights, and commons
is clearly shifting. Although the debate on spectrum management reform is mainly taking
place in high-income countries, it is deeply relevant to developing countries as well (\Wellenius
and Neto 2005). Indeed, to the extent that developing countries have less investment in wire-
less infrastructure than do many developed countries, adoption of more efficient spectrum
management regimes may be easier and have larger payoffs (in relative terms) than in devel-
oped countries.

Developing countries comprise, by definition, al countries with low or middle average per
capita incomes. These are about 150 countries in all continents, accounting for 85 percent of
the world’s population and about one-half of its GDP at purchasing power parity or 30 percent
at current exchange rates (The Economist 2006). Despite the common label, thisis a very het-
erogeneous group. Per capita annual incomes range from about $100 in Ethiopia to nearly
$10,000 in Argentina, and sizes go from 1.3 billion in Chinato a few thousand in some Pacific
islands. There is a'so major variation within individual countries. Modern economic sectors
(including telecommunications in some countries) may perform to world standards yet coexist
with a subsistence agricultural economy. Prosperous groups live next to large segments of the
population in abject poverty.

Communication and information services in the developing world have experienced explosive
growth. Between 1980 and 2005 the number of phones (fixed and mobile) multiplied 30-fold
(while population grew by one-half and real GDP more than doubled) and their share in the
world’s stock of phones more than tripled to about 60 percent. This largely resulted from eco-
nomic and sectoral reforms, starting in the late 1980s and gradually extending to most devel-
oping countries, which led to private-led, increasingly competitive telecommunications mar-
kets. Yet about one-half of all developing countries still have closed or only modestly open



markets. Moreover, significant differences remain among and within developing countries.
Fast growth in large emerging markets, notably China, India, and Brazil, masks slower devel-
opment in other economies. Progress has been made reaching out to rura areas and the urban
poor, but in many countries these groups still lag in relative terms. More advanced communi-
cation and information services have become available through the Internet, but are only
reaching the better-off population groups (Wellenius 2006).

In most developing countries, the radio frequency spectrum is managed aong the lines of tra-
ditional government administration. Some spectrum authorities have become very competent,
and a few now play lead roles developing regulatory capacity in their regions. But in most
countries spectrum management performs rather poorly. One or more of the following defi-
ciencies are commonly found:

* Many countries fail to make detailed country-specific allocations in their national fre-
guency plans, creating uncertainty for users and investors.

» Spectrum needed to provide new services (e.g., mobile, fixed wireless) istypically made
available initially to only one operator, and gradually to a few more, resulting in artifi-
cial scarcity and high spectrum prices.

» Spectrum occupied in the citiesis often under-utilized in rural areas.

» Spectrum allocation and use may be different across countries, and cross-border inter-
ference may arise.

 Large spectrum parcels are in the hands of public sector entities, including the military,2
and used only sparsely.

« Day-to-day administration is constrained by incomplete records of existing authoriza-
tions, limited capability to monitor and enforce compliance,® slow processing of new
applications, and shortage of skilled staff and data processing facilities.

* Unpredictability of the spectrum regime adds to regulatory risk and discourages
investment.*

» Unclear rules and lack of transparency create opportunity for political interference and
corruption.

» While the primary objective of government administration should be to protect spectrum
users from harmful interference by one another, in practice spectrum management is
often viewed as a source of revenue for the government.

IThese policies seek to protect incumbents from competition and raise windfall revenues for the treasury.
Artificial scarcity and high cost of spectrum, however, discourages investment and propagates throughout the
economy. The result is slow growth and innovation as well as high prices of intermediate and final information
and communication services.

2Thisis especially the case in central and eastern Europe, alegacy of the former Soviet Union.

3The ITU has recommended formulas for monitoring spectrum efficiencies of assigned spectrum
(recommendations SM 1046-1). But geographical, traffic, and network differences make it difficult to measure
spectrum efficiencies even across the same city or region.

4For example, akey feature of telecommunications reform in Ghanain 1996 was the issuing of alicense for a
second national operator that would compete head-on in all market segments with the incumbent that was being
privatized. Ten years later, however, the second operator had barely one percent of the market. Inability of the
spectrum authorities to make the 900 MHz band available to the new entrant as had been promised was
reportedly one of the main reasons for thisfailure.



Efforts to improve spectrum management have mainly focused on day-to-day administration.
For example, large investments are made in monitoring facilities that often go beyond critical
needs and exceed the authorities' human resources and enforcement capabilities. In the
absence of spectrum policy changes and constrained by institutional capacities, these efforts
tend to have limited impact. But a growing number of developing countries are trying to do
more. Auctions are now routinely used in many countries to assign spectrum when demand
exceeds supply.® Spectrum refarming is making space for broadband wireless services using
third-generation mobile technology. Some spectrum is being released or reallocated for unli-
censed use.®

Limited improvements of an essentially outdated model are unlikely to suffice. Further change
in the spectrum management regime will largely be driven by current domestic issues, new
technologies with potential to accelerate progress toward priority development objectives, and
awareness of growing experience in other countries. Current high-visibility issues include
moving toward third-generation mobile services, facilitating the deployment of broadband
wireless technologies, planning the transition to digital television broadcasting, and recovering
military spectrum for commercial use. But the scope of spectrum reform is broader, and solu-
tions need to be designed that transcend particular applications.

What can developing countries do about the opportunities and challenges of spectrum reform?
In particular, how would the various approaches to spectrum management fare in poor coun-
tries with weak governance, incomplete infrastructure networks, large rural populations with
minimal service, fast growth, and persistence of legacy equipment? How can countries make
the transition from often poorly run government administration of the spectrum to a regime
increasingly driven by markets and technology? How much effort should be invested in
improving government administration of the spectrum? Would it not be better to improve
administration rather than introduce new management models? What agencies could deal with
harmful interference and resolve disputes? Is there danger that spectrum will be cornered by a
few influential players? Who would pay for the cost of spectrum regulation as larger segments
are released for unlicensed use? How can treasuries be weaned from the large rents they have
grown accustomed to exact from spectrum licensees? How can spectrum policies be integrated
with telecommunications and broadcasting reforms and with economic policy generally?
Some of these questions can be answered only in a particular country context and go beyond
the scope of what can be achieved by a desk exercise.

This paper sets out to build a framework to analyze these questions in individual countries.
Chapter 2 examines the main features, advantages, limitations, and scope for improving tradi-
tional government administration of the spectrum. Chapters 3 and 4 discuss the potential for
introducing tradable spectrum rights and spectrum commons regimes in the context of govern-
ment administration. Chapter 5 brings all this together by proposing a framework for the
design of spectrum reform in a particular developing country: comparison of the three

SAuctions are prescribed by law as the standard process to grant new spectrum authorizations in Mexico,
Guatemala, Peru, and other countries, when arequest for radio authorization is contested by othersinterested in
the same frequencies.

8Thisis allowing initial deployment of new wireless technologies, such as Internet hot spots in cities and novel
entrepreneurial initiativesin rural aress.



approaches to spectrum management, how to make these approaches work in developing coun-
tries, striking a balance among approaches and over time, institutional considerations, and
managing the transition. Chapter 6 offers concluding comments.

2 Improving Traditional Government Administration

Traditional spectrum management is predicated on the spectrum being a limited resource that
must be apportioned among uses and users by the government. The primary objective of gov-
ernment administration is to protect spectrum users from harmful interference by one another.
Additional objectives are to achieve economic and technical efficiency of spectrum use, safe-
guard public services, and balance certainty to attract investment with flexibility to take advan-
tage of change.”

2.1 Basic Features

Government administration of the radio spectrum comprises a tiered structure of regulation at
the international and national levels. The international framework is set out primarily in a
treaty developed, signed, and ratified by the member states of the International Telecommuni-
cation Union (ITU), a specialized United Nations agency. World and regional radio confer-
ences convened by the ITU every three or four years establish regulations, agreements, and
plans for the global use of the radio spectrum. This includes an international table of frequen-
cies that allocates the spectrum among classes of radio services.® A wide range of regulatory,
operational, and technical provisions ensure that radio services are compatible with one
another and free from interference among countries. Individual countries also undertake addi-
tional commitments in the context of regional and sub-regional telecommunications organiza-
tions,® other international organizations,1? and bilateral or multilateral agreements.

Individual countries manage the national use of the spectrum reflecting these broad interna-
tional commitments and extending them to the retail level in more detail.1* Each country estab-

"There are several ways to evaluate spectrum efficiency. Economic efficiency involves ensuring that the spectrum
is alocated and assigned to uses and users that derive the highest economic value. Technical efficiency means
achieving the most intensive use possible of the available spectrum within acceptable interference limits. It also
seeks to promote the development and use of spectrum-saving technologies (Lie 2004).

8About 40 different types of fixed, mobile, and satellite services are currently defined. Many bands are shared
among primary and secondary classes of users, the former having priority in case of conflicting uses resulting in
harmful interference. Some 30 notes add detail by regions.

9Such as the Comision Inter-Americana de Telecomunicaciones (CITEL) and the European Conference of Posts
and Telecommunications Administrations (CEPT).

10sych as the World Trade Organization, International Maritime Organization, International Civil Aviation
Organization, and the World Meteorological Organization.

11The national plans are usually far more detailed than the ITU’ s because there will be different types of service
under each magjor radio service heading. For example, there are many mobile services, both private and public,
ranging from car security locking devices, to shared trunked radio systems used by transportation companies, to
public service cellular mobile systems.



lishes a national table of frequency allocations that sets out what radio services can use which
frequency bands and under what conditions, and coordinates these allocations with neighbor-
ing countries.’2 Rules are set for each band, specifying €eligibility and service restrictions,
power limits, build-out requirements, fees, and other conditions of use. Frequencies are
assigned to individual users on exclusive or shared basis for particular services and technolo-
gies, and authorizations are issued for radio equipment and operators. Compliance of spectrum
users with allocations, rules, and authorizations is monitored and enforced.

2.2 Advantagesand Limitations

A major advantage of government administration of the radio spectrum is that it is well estab-
lished. It has been in place worldwide for over 100 years, originating in the early days of radio
communication.’® A wealth of experience has built up, mainly in high-income countries but
more recently also in middle-income and low-income countries. Good practices are well docu-
mented. For example, an online spectrum management toolkit developed by infoDev, a multi-
donor grant facility administered by the World Bank, in cooperation with the ITU, contains an
annotated selection of over 200 reference documents mainly reflecting modern government
administration of the radio spectrum. Specialized software, equipment, and technical assis-
tance are readily available.

Government administration, where well implemented, has proven to be effective in coordinat-
ing use of the spectrum to prevent harmful interference, at both national and international lev-
els (Analysys eta. 2004). Authorizations to use the spectrum typically specify what transmis-
sion equipment may be used, its location, bandwidth, modulation type, and maximum power
radiated.1* By setting conditions for all users this way, the levels of interference can be mod-
eled through engineering analysis and maintained at acceptable levels within the geographical
and frequency boundaries of each authorization.

Government administration has also been used successfully to manage spectrum used by the
government for purposes such as defense, public safety, and aeronautical and maritime com-
munications.’> And it did well managing spectrum used for public telecommunications ser-
vices while these were provided by a small number of companies and both services and tech-
nology changed fairly slowly.16

In the last ten years, however, government administration has had increasing difficulty
responding to fast growth of spectrum demand, new technologies, and changing markets. Con-
vergence among telecommunications, media, and computing is breaking down the traditional

12Coordination with neighboring countries mainly seeks to prevent cross-border interference in compliance with
international commitments, as well as facilitate services that span several countries such as mobile roaming.

B3AIIl countries have some form of government administration of the spectrum at the national level set in the
context of ITU and other international commitments.

MEmissions of aradio transmitter are authorized at specific frequencies and bandwidths. Limits are set for out-of-
band and spurious emissions.

151n devel oping countries, spectrum management is often al so seen as away to ensure nationa sovereignty.

16| n such situations, the spectrum authority could reasonably have as good an understanding of the best use of
spectrum as the market itself and hence could sensibly control al aspects of spectrum use (Ofcom 2005b).



association of spectrum to specific applications, such as the distinction between broadcasting
and telecommunications spectrum, and is changing the demand for spectrum among services,
such as between fixed and mobile voice communication. This results in major technical and
economic inefficiencies, excessive regulatory burden on all parties, and obstacles to technolog-
ical innovation (Wellenius and Neto 2005). Beyond deficient implementation, the growing
inadequacy of spectrum management can be traced ultimately to three limitations that are
inherent to the administration regime itself:

» The mandate of government administration of the radio spectrum is by now too broad.
When the government was the main spectrum user, and public services were operated
mostly by state enterprises, it made sense that it was al so the government who managed
the spectrum. But by now responsibility for the provision of telecommunications, broad-
casting, and information services lies primarily in the hands of private companies oper-
ating in increasingly competitive markets. Yet the spectrum authority still makes deci-
sions that constrain or pre-empt business choices. The authority constantly
second-guesses markets and technology trends which it cannot possibly know as well as
the immediate users, and incurs risks on behalf of the users that accrue the costs and
benefits. And by controlling access to the spectrum, the authority plays a major role in
determining the structure and level of competition of downstream markets.1” The result
IS growing economic inefficiency of spectrum allocation and assignment.

» Slow response to changing circumstances undermines efficiency and discourages entre-
preneurship and innovation. Spectrum allocations and assignments are tied to the life
cycle of individual authorizations.1® Neither the users nor the authorities are free to
move spectrum quickly to higher-value uses to offset initial allocation or assignment
inefficiencies or changing circumstances. Changes of existing spectrum authorizations
are exceptiona and tend to be slow and costly. New authorizations are subject to elabo-
rate technical and economic analyses by the authority and require disclosure of propri-
etary business information by prospective users. Rules designed to protect users from
interference now restrict new entry, limit competition, and delay the introduction of new
technol ogies with improved interference management capabilities.

» Spectrum administration imposes large costs on both the authorities and the users. The
technical, economic, legal, and administrative complexity of the functions of the spec-
trum authority is compounded by several factors: fast growth of the number of spectrum
users, increasing need to revisit past decisions that have become outdated in the wake of
market and technology changes, and added complexity brought about by attempts to
adapt the spectrum regime to cope with situations it was not designed to handle. In addi-
tion, the unrealized benefits and opportunity costs of not authorizing new services
quickly cannot be ignored.

1"For example, the authorities determine the number of radio licenses that are made available for mobile services,
mainly in terms of their assessment of how many competitors the market may sustain. This decision is sometimes
distorted by pressures from incumbents to slow the pace of competition, or by the treasuries seeking windfall
revenues by restricting the number of licenses to command higher sales prices.

18Radio licenses typically have a duration of 5-20 years and may be renewable.



2.3 Improving Traditional Practice

Traditional government administration practice can be improved at the margin to mitigate
some of its shortfalls. This includes releasing spectrum held back by the authorities, allowing
greater flexibility of spectrum use, separating spectrum and operating authorizations, reall ocat-
ing spectrum to improve current use, using auctions to assign scarce spectrum, introducing
other market tools, and bringing market disciplines to public sector spectrum use. Moreover, in
many countries traditional spectrum administration is poorly implemented and there is ample
opportunity to make it work better.

Rel ease spectrum held back by the authorities. In most countries, substantial spectrum remains
reserved for indeterminate later use. An alternative is to make all spectrum available immedi-
ately, without restrictions on use or technology beyond those strictly necessary to comply with
international commitments. This may go along way toward aleviating spectrum shortages to
expand current services, introduce new services, and enhance sustainable competition in
downstream services.1® Reallocating spectrum to new uses in the future, when the need arises,
is possible under government administration (see below) but facilitated if by then a spectrum
rights market isin place (see next chapter).

Allow greater flexibility of spectrum use. Most authorizations to use the radio spectrum are tied
to specific services and technologies. This discourages innovation and stifles investment in
more spectrally efficient systems. Some operators have pointed out that the real issue with
access to spectrum by current users is not scarcity but rigidity. Removing restrictions on the
technologies that may be used in the assigned frequencies would go along way toward develop-
ing new services.20 Others have argued for allowing operators to use their spectrum to provide a
wider range of services than originally envisaged. World and regional frequency allocation
tables allow individual countries considerable liberty to decide how each band will be used.

Separate spectrum and services authorizations. In many cases the spectrum authorizations are
packaged together with authorizations to provide specific services. Restrictions on the services
thus trangdlate into rigidities in the use of the spectrum assigned to them. Decoupling both
authorizations enables the spectrum authority to remove technological and service limitations
on the use of assigned frequencies. Decoupling will also reduce demand for spectrum, since
not all operators (e.g., cable, Internet service providers) want spectrum.

Reallocate spectrum in current use. Existing alocations of the radio spectrum at the national
level need to be changed from time to time. This may be necessary to realign the national table

19The example of Guatemalaillustrates how putting new spectrum on the market can increase competition and
reduce prices in mobile services even in asmall lower-middle income country. This was achieved by combining
the release of spectrum with setting up aregime of tradable spectrum rights. But practical problems have included
spectrum hoarding and retrieving spectrum to reallocate for license-exempt use. The literature on the Guatemala
case does not examine these issues.

2For example, amajor provider of mobile servicesis prepared to invest in third generation systems using its
large spectrum holdings in the 900 MHz band, but these are authorized for older GSM operation only. The
aternative proposed by the authorities, namely to deploy 3G in the newly available 2.1 GHz band, would require
higher capital expenditure and undermine the corporate strategy based on full use of its current business assets, of
which spectrum isamajor component.



of frequencies with changes in the international table, use underutilized frequencies to relieve
congestion in adjacent bands, allow flexible or shared use of bands currently assigned to indi-
vidual users, make spectrum available for new services or more spectrum-efficient new tech-
nologies, or other reasons (Cramton etal. 1998). The costs incurred by current users required
to move to other frequencies may be absorbed by the users themselves, paid wholly or partly
by the new users of the spectrum being vacated, or other ways.

Use auctions to assign scarce spectrum. If not already in place, auctions should be adopted as
the standard procedure to assign frequencies for which demand exceeds supply. Thisis by now
established practice under government administration in many countries. Auctions can direct
the spectrum to high-value use, increase process transparency, and reduce opportunity for cor-
ruption. When well designed and executed, spectrum auctions can succeed even in the most
challenging of circumstances.?! Auctions generally must be tailored to specific circumstances,
as there are important tradeoffs among design features.?> Some approaches (e.g., auctions that
also consider the promised service price in comparing bids, as has been done in Morocco, or
bidding service coverage instead of license price, asin Chile) could be particularly appropriate
for developing countries. A successful auction requires a clear understanding by participants of
the rights and obligations of the winner, as well as precise rules on how the auction will be
conducted and awarded. Auctions are also the preferred way to initially place new or recovered
spectrum in the market under a spectrum rights regime.

Introduce other market tools. Other opportunities can be found to introduce market mecha-
nisms in the context of spectrum administration. In Brazil, for example, several occupants of
the 1.9 GHz band were given five years notice to vacate their frequencies so other current
users could move in, thereby freeing spectrum for IMT-2000 third-generation mobile
services.22 The process was accelerated by encouraging the parties to negotiate compensation
for early departure of current occupants.

Bring market discipline to public sector spectrum use. Under government administration, large
parts of the spectrum have been set aside for use by the public sector (e.g., government depart-
ments, state-owned enterprises, military). There is no economic reason why the public sector
should not treat the radio spectrum as any other factor of production, including paying for its
use at market-related prices.2* Subjecting public spectrum use to market discipline can result
in widespread efficiency gains within and beyond the public sector. This can start by putting
together an inventory of public sector spectrum holdings, estimating their value, and incorpo-

2The example of Nigeria s GSM license auction of 2001 illustrates this and emphasizes the value of auctionsto
achieve transparency of award. See Lee 2003.

2Multiple radio licenses may be auctioned simultaneously or in sequence, bids may be visible to all participants
or made through sealed tender, and there may be minimum or reserve prices.

23| nternational M obile Telecommunications 2000 (IMT-2000) isthe global standard for third generation wireless
communications defined by ITU recommendations. By linking diverse terrestrial and satellite networks, IMT-
2000 will exploit the potential synergy between digital mobile telecommunications technol ogies and systems for
fixed and mobile wireless access systems. See http://mww.itu.int/home/imt.html.

2#Asit does for, say, equipment (including radio), utilities, fuel, and labor. Nor why the rights and obligations
attached to public sector spectrum holdings should not be spelled out and enforced like those of private

sector users.
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Box 2.1 Bringing Market Discipline to Public Sector Use of the Radio Spectrum

* Inventory of public sector spectrum holdings

e Vauation of holdings

 Incorporation of spectrum valuation in public sector expenditure and investment decisions
e Application of administrative incentive prices based on opportunity cost

» Development of opportunities and incentives to lease or share spectrum with private sector
e Full participation of public sector bodies in spectrum market

Source: Cave 2006

rating spectrum value in budget and investment decisions.?®> One step up, administrative incen-
tive prices can be applied to spectrum use to promote more efficient use. Eventually public
sector bodies could participate fully in spectrum markets, once these are established (Box 2.1).

Administrative incentive pricing has been introduced recently by some authorities to promote
more efficient use of the spectrum within the framework of traditional government administra-
tion. Pricing the use of spectrum at levels that somehow reflect the economic value of specific
frequencies can induce users to adopt spectrum-saving new technologies and return unused
spectrum. It can also signal the cost of reserving large parts of the spectrum for government
use, including the military, or for uncertain future commercial applications at the expense of
meeting immediate spectrum demand. Administrative incentive prices can be set in terms of
the opportunity cost of the specific frequencies or by reference to prices observed in market
transactions in the same or related frequencies (Ofcom 2005a).26

2.4 Scope of Application

Despite these partial improvements, the trend is toward introducing market-oriented alternative
solutions (Wellenius and Neto 2005). Wholesale replacement of government administration is,
however, unlikely in the foreseeable future. Governments will continue playing important roles
managing parts of the spectrum and discharging government responsibilities:

» Manage spectrum use as necessary to accomplish compelling public interest objectives.
For example, public safety and critical infrastructure may require dedicated spectrum
at particular times to ensure priority access for emergency communications. Radio

25| n the absence of a market mechanism, taking the opportunity cost of spectrum into account in investment
decisionsis consistent with calculating economic (as distinct from private) returns of public sector projects. This
includes pricing resources so as to reflect real scarcities for the economy as awhole rather than the prices actually
paid for them. See, for example, Belli etal. 2001.

26The opportunity cost of a particular frequency can be calculated as the increase in cost which would occur in
producing the same service with another input, such as a different freguency or non-radio technologies. In
imperfectly competitive markets, observed market prices may include excess profits from exclusivity or
market power.
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astronomy may need to have protected spectrum bands, due to its highly sensitive
applications and the fact that its benefits accrue to society as awhole and only over the
long run. Global harmonization of satellite frequency bands is unlikely to be sustain-
able without government intervention. Broadcasters traditionally are subject to rules
that represent their unique history and services. Rural interests have specia needs that
may be costly to meet, and there is strong support for public policy that will address
these needs. Such public service objectives should, however, be carefully defined, and
the amount of spectrum subject to government administration should be limited to the
minimum amount necessary to ensure that those objectives are achieved. Many spec-
trum users will claim that they warrant special consideration and exemption from mar-
ket discipline. It is critical to distinguish between special interest and the public inter-
est (FCC 2002).

» Manage spectrum allocated to government uses. This may include spectrum that is
shared between government and other users. Nonetheless, market practices can lead to
better administration. For example, wider use of administrative incentive pricing of
spectrum use can promote efficiency, spectrum-saving technologies, and returning
unused spectrum. The prices at which other parts of the spectrum are traded in second-
ary markets can provide useful indication of the opportunity cost of the spectrum that
remains subject to government administration.

* Maintain the legal and regulatory framework for overall spectrum management. The
government must set the boundaries among different approaches to spectrum manage-
ment, and revise these from time to time. In the absence of effective general competition
law, the spectrum authority may have to take responsibility for promoting and enforcing
fair competition in spectrum markets as these develop. And it may bear ultimate respon-
sibility for resolving spectrum-related disputes. Although generally commons use comes
with no guarantees for interference-free operation, there is till a role for the govern-
ment in setting the conditions for band use, equipment type acceptance, enforcement
and dispute resolution.

» Attend to international relations. This includes keeping abreast, preparing for, and par-
ticipating in radio conferences and study groups of the ITU and other international and
regional organizations. It aso includes coordinating and cooperating in areas with cross-
border implications, such as the use of satellites and of terrestrial radio communications
that takes place close to the country borders. Finally, it includes ongoing activities such
as registration of spectrum use, processing of frequency coordination requests, and fol-
lowing technological and regulatory developments elsewhere to assess their potential
impact on the country’s use of the spectrum.

2.5 Building Blocks

Setting up or improving government administration of the radio spectrum relies primarily on
four building blocks: allocation, rules, authorization, and enforcement.

Allocation. Developing a national frequency alocation table lies at the core of planning spec-
trum use. The national table is established within the framework of the ITU radio regulations
and made consistent with international allocations for the region where the country is

12



located.2” Subsets of international service categories are often added,?® and, conversely, inter-
national allocations for several services may be restricted at the national level to a single ser-
vice.? Further sub-allocations or designations of use are often made in order to group like
technologies or users in the same frequency bands.3° National allocations are revised from
time to time, for example, to reflect changes in international allocations, reallocate spectrum to
higher-value uses,®! or make spectrum available for spectrum-saving new technologies.

Rules. Detailed regulations and procedures provide the primary day-to-day tools of spectrum
management. These rules are promulgated by the spectrum authority within the framework set
out in legislation.32 The rules constitute the basis for the conduct of radio services, allow spec-
trum users to understand how their operations are governed, establish how users and the spec-
trum authority relate to one another, and set out the steps to appeal decisions and amend the
rules themselves.33 Lack of explicit, clear, and stable spectrum rules discourages the devel op-
ment of radio services and places investments at risk of arbitrary decisions of the authority.

Rules on technical standards provide the basis for preventing interference and ensuring equip-
ment performance. They comprise documents that specify the standards, the processes to obtain
approvals and permits, and the processes for testing and certifying radio equipment to deter-
mine compliance with standards or manufacturers specifications. Technical standards also
allow the authorities and users to limit interference between radio equipment and other equip-
ment, such as industrial machinery and power networks. Technical standards are established
mainly for radio equipment and spectrum use. Radiation standards are usually set by the health
authorities, but the spectrum manager plays a role in ascertaining compliance. Environment,
construction, land use, and other standards may also apply to spectrum management (Box 2.2).

Rules on spectrum pricing, in addition to creating incentives for efficient spectrum use, estab-
lish the basis for recovering the cost of spectrum management. Often governments also use
spectrum charges as a source of public revenue. Cost recovery pricing aims at meeting the
costs incurred in managing the spectrum from fees levied on spectrum users.3* Some of these

2IThe ITU allocation table often contains more radio services than are relevant is the particular country, and
related provisions need not apply.

2ror example, paging, two-way radio dispatch service, cellular mobile telephone service, and trunked mobile
radio service may be separated out at the national level under the broader international category of mobile services.
2ror example, aband allocated to the mobile or land service may nationally be designated only for cellular
mobile telephone service, excluding other services.

DGreater technical efficiency of the spectrum can be obtained when uses with similar parameters (e.g., high-power
applications such as radar) are grouped in the same frequency bands.

31Such as from analog to digital television and radio broadcasting, discussed elsewhere in this paper. Or to meet
excess demand in some bands (e.g., mobile) by reallocating underutilized neighboring frequencies (e.g., earlier
reserved for services that did not develop as expected).

32| ggidation includes clear allocation of intitutional responsibilities for spectrum management.

33Rules cover matters such as obtaining and renewing radio licenses, technical standards, equipment
authorization, and operational requirements.

34The costs of running a spectrum authority mainly include skilled labor, information technology resources,
technical monitoring equipment, membership and expenses to participate in ITU and other international
organizations, and inputs such as office space, utilities, and supplies. In principle spectrum management costs
should be recovered from usersin both the private and public sectors.
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Box 2.2 Technical Standards for Spectrum Management

» Radio equipment standards establish the minimum acceptable technical specifications and
performance characteristics of radio equipment. National spectrum authorities may adopt radio
equipment standards devel oped in other countries or by international standards organizations.

e Spectrum use standards state the minimum technical requirements for efficient use of
specified frequency bands. They are utilized in the design, specification, and evaluation of
technical applications for new radio facilities or modification to existing radio systems.

e Radiation standards address concerns that radio transmissions may be harmful to health or a
concern of public safety.

e Other standards relating to the environment, construction, and land use may apply to spectrum
management

Source: infoDev 2006

costs can be attributed directly to individual users, and recovered from them, while other costs
(often a large part) are shared among groups of users or are overheads.3®> Allocating such
shared and common costs can be difficult and largely arbitrary, and arguably they are attributa-
ble to a government function rather than to individual spectrum users and should therefore be
recovered from general government revenue. Ways to deal with cost allocation vary from the
use of detailed costing models to simple rules of thumb.

Authorization. Authorization is the process by which users gain access to the spectrum. This
mainly involves assigning frequencies to individual users and approving radio equipment:

* Freguencies are assigned to individual users for exclusive or shared use. When enough
spectrum is available to meet demand, assignment is conducted on a first-come, first-
served basis. When demand exceeds supply, the trend is to use auctions to assign scarce
frequencies among competing users.36

» Radio equipment is tested and certified for compliance with technical standards or
manufacturers’ specifications. This ensures compatibility with other equipment, consis-
tency with provisions to contain interference, and consumer protection. Testing and
certification is performed by the spectrum authorities themselves or, increasingly, by
recognized private facilities. Self-certification by manufacturers may also be accepted
in well-disciplined markets. Bilateral or regional mutual recognition agreements reduce
the need for national testing and certification, facilitate equipment trade among coun-
tries, and reduce the cost of equipment supply.

35Directly attributable costs include, for example, the expensesincurred in issuing and maintaining individual
radio licenses, testing specific equipment for approval, and enforcing violations.

36The most common modality is to award the frequencies to the bidder offering the highest price, which can be
specified in the bidding documents as payable in full up front, through revenue or profit sharing (e.g., royalties),
or acombination of both. Alternatively, the frequencies can be awarded by some other quantifiable metric, such
as population coverage, roll-out time, or end user charges (for example, of mobile phone service). Not all
countries use auctions.
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Enforcement. Spectrum users must comply with the terms of authorization and the applicable
rules and regulations. Spectrum managers are particularly concerned with interference prob-
lems affecting public safety and security services such as emergency services (ambulance,
fire, police) and navigational services (air, maritime), as well as commercial bands where
spectrum holders have often invested and incurred large sunk costs and expect protection for
these investments. The spectrum authority needs a framework and process for responding and
dealing with complaints from the public and users and for settling disputes. The powers,
duties, and obligations of the spectrum manager and protection of rights for the public under
circumstances where inspection of property is necessary must be established by law. Penal-
ties, remedies, and alternative dispute mechanisms help ensure rapid resolution.

2.6 Implementation

Implementing the building blocks of spectrum administration requires support in terms of data,
analysis, administration, monitoring, and international affairs. Typically about one-third of all
personnel employed in regulating telecommunications and broadcasting is occupied in govern-
ment administration of the spectrum.3’

Detailed knowledge of current use across the entire spectrum is required for effective plan-
ning. In addition to the basic data on frequency, users, and location, a national register contains
information on the functions performed by the equipment, detailed technical characteristics,
and costs of system implementation. A single national frequency register database should be
created if one does not already exist.

Spectrum allocation and assignment under traditional administration regimes is based on
detailed spectrum engineering analyses undertaken by the spectrum authority. This includes
using computer models of radio propagation patterns to ensure compatibility among uses
and equipment, examine the likelihood of interference among users, and assess potential
health and safety hazards. Comprehensive national records of individual spectrum assign-
ments and use are maintained as needed for these engineering analyses as well as for admin-
istrative purposes.

Spectrum use is monitored to obtain technical and operational information on current use as
well as to detect illegal or wrongful use of frequencies or equipment. Monitoring is needed
for effective spectrum allocation and assignment, to resolve interference problems, and to
verify and enforce compliance with regulations and the conditions of authorization. Measure-
ments typically include frequency, power, and emission spectrum of transmitters.3® The trend
is to focus monitoring on areas of known problems and congestion rather than continuous

37For example, of the total 1,100 staff employed by Agencia Naciona de Telecomunicacoes (ANATEL, the
telecommunications regulatory authority of Brazil), about 600 work in spectrum management, including about
400 staff occupied in spectrum monitoring at headquarters and each of the 23 states. One-hundred and twenty
staff of atotal of 300 employed by the Office of the Telecommunications Authority of Hong Kong works on
spectrum planning, frequency allocation, assignment, and licensing. The radio authority of Ukraine employs
about 200 people.

38Equipment mainly comprises radio receivers, spectrum analyzers, direction finders, and antennas.
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monitoring of all spectrum. Priority is given to monitoring frequency bands that affect essen-
tial services and where commercial activity is concentrated.3® Monitoring facilities include
fixed, remote, unmanned, and mobile equipment.

3 Establishing Tradable Spectrum Rights

Like traditional government administration, the tradable spectrum rights approach to manage-
ment of the radio spectrum (a) is based on the premise that the spectrum is an inherently
scarce resource that must be apportioned among competing uses and users and (b) focuses on
protecting users from harmful interference. But responsibility for apportioning spectrum
among uses and users is primarily delegated to the market rather than kept in the hands of the
spectrum authority.

3.1 Basic Features

At the core of this approach lies a set of exclusive and transferable rights to use specified
parts of the spectrum in given geographical areas at given times, governed primarily by tech-
nical rules to protect against harmful interference and by trade rules to protect against anti-
competitive behavior. These rights are initially assigned to individual owners by the spectrum
authority. Other prospective users of these frequencies must obtain the owners' approval and
agree on terms and conditions. Owners may reconfigure (aggregate, divide) and trade their
spectrum rights without limitation as to uses and technol ogies other than as needed to comply
with technical and trade rules. The tradable spectrum rights approach thus comprises two dis-
tinct processes: changing ownership of spectrum rights originally assigned by the authorities
(spectrum trading), and changing the uses and technologies to which these rights were allo-
cated (spectrum liberalization).

Experience with applying the spectrum rights approach is limited but growing quickly.
Many countries have, for a long time, permitted indirect trading of spectrum rights without
changes in use through transfer of corporate ownership, usually subject to approval by the
spectrum authority.*° Particular forms of direct spectrum trading, with various degrees of
liberalization, have been in place for several years in Australia, Guatemala, New Zealand,
and the US (see Box 3.1). While all these applications of the tradable spectrum rights
approach have improved spectrum management considerably, and yield important lessons,
arguably none of them realize the potential of full-fledged spectrum markets. Following
extensive consultations, regulatory measures were adopted in the UK that introduced a

39priority public servicesinclude air and maritime navigation, fire, safety, ambulance, and police. Much of the
commercia activity proneto interferenceisin the VHF and UHF bands.

40The sale by Bell South of its Latin American mobile operations to Telefonicain 2004 resulted in most of the
spectrum rights being transferred. European buyers of 3G licensesin the early 2000s created wholly-owned
subsidiaries as holding vehicles for the usage rights, and these companies can then be bought and sold.
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Box 3.1 Experiencesin Spectrum Trading

Australia: Trading of spectrum and equipment licenses with partial liberalization of use was
introduced in the late 1990s. This enabled, for example, rolling out a broadband two-way wirel ess
service in the 28-31 KHz band, aggregating private mobile radio licenses to form a national
network, buying spectrum in the 2.4 GHz band from a pay TV broadcasting company and using it
to provide high-speed Internet service, and providing additional spectrum on a short-term basis for
coverage of the Sydney Olympics (ITU 2004a).

Guatemala: Telecommunications sector reforms in 1996 maintained state ownership of the
spectrum but privatized the right to use it. Some 5,000 titles granting rights of use for 15 years
were auctioned, thereafter freely traded, and are renewable. Over one-fourth of all titles have
been exchanged, mainly in the FM radio broadcasting bands. Titles are also |eased or used as
collateral for loans (Ibarguen 2003).

New Zealand: Two types of tradable spectrum rights were introduced in 1989. Management
rights grant exclusive right to the management of a nationwide band of frequenciesfor up to

20 years and issue (typically local) sub-licenses. Tradable license rights afford the holders the
right to use spectrum within the band specified within a defined area. The range of uses to which
spectrum can be put is unlimited, other than by interference constraints. Telstra, an original
holder of GSM spectrum, sold its license to Bellsouth (now Vodafone) in a private deal.
Similarly, the original purchasers of New Zealand's 28 GHz LM DS spectrum sold on their rights.
Many smaller trades have involved license rightsin the AM and FM radio broadcasting bands
(van Caspel 2002).

USA: Measures introduced since passage of the new telecommunications act in 1996 seek to
encourage spectrum trade in several bands, providing for reconfiguration as well asleasing.
Around 1,000 assignments to use spectrum are traded annually, many through private
organizations (band managers) authorized to grant usage rights and define interference limits.
Trade with change in use was pioneered in 1991 when the Federal Communications Commission
indirectly enabled Nextel to launch a national mobile network by aggregating local specialized
mobile radio licenses, but authorization to change use resulted only after years of litigation [(Ref)].

Source: Authors' compilation

broader form of spectrum trading and liberalization from 2005 (Ofcom 2005b). The Euro-
pean Commission has concluded consultations on spectrum trading and is taking steps
toward implementation (EU 2005).

Trading of spectrum rights can take several forms. In a sale, ownership of the spectrum right
is permanently transferred to another party. Buy-back involves the sale of a spectrum right to
another party with an agreement to buy it back at a given date. Leasing transfers the right to
exploit spectrum to another party for a defined period, but ownership and some control of the
spectrum right remains with the original owner. Mortgage uses the spectrum right as collat-
eral for aloan, and the right is transferred only in case of default. Options establish a right to
buy, or an obligation to sell, spectrum rights under specified conditions (e.g., a fixed price) by
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a fixed date. Futures are contracts to buy or sell spectrum at a later date under given terms
and conditions.

It is believed that once the basic framework for spectrum rightsisin place, the development of
specific trading mechanisms can be left largely to the market. Bilateral negotiation among
individual buyers and sellers approaching each other can be an effective mechanism in many
cases. Where there are a substantial number of sellers or buyers for one transaction, auctions
are likely to be more effective and can be structured in various ways. Brokers can offer a cen-
tral point through which numerous small buyers and sellers can find one another at low cost.*!
In large enough markets, price information generated by spectrum sold in an exchange could
facilitate trading through enhanced transparency, encouraging buyers and sellers to come to
the market. Several spectrum trading mechanisms can be used and may coexist.

3.2 Advantages and Limitations

Introducing a tradable spectrum rights regime for managing the radio spectrum in the context
of government administration can result in substantial gains in economic efficiency. The gains
are greatest when spectrum rights are clearly defined, there are a sufficiently large number of
buyers and sellers to create the competition and choice necessary for an efficient market, and
spectrum trading and liberalization of spectrum use are both possible. This ensures that spec-
trum users face the opportunity cost of using spectrum throughout the lives of their rights of
use. Current and prospective users, as well as equipment suppliers, can monitor opportunities
for better spectrum use. When alternatives arise that would lead to higher returns, there is the
possibility and incentive to change use, acquire, or dispose of spectrum.*? Trading and liberal-
ization provides a decentralized market mechanism to revise and update initial spectrum allo-
cations and assignments.*® This mechanism can respond faster than government administration
to changes in technology and demand. The impact of spectrum trade and liberalization will be
greatest when initial allocations and assignments were inefficient, or when technology and
demand have subsequently changed substantially.** In turn, efficiency gains in spectrum use
will lead to increased competition in downstream markets.*> Transparent spectrum costs also
will help policy makers assess the opportunity cost of spectrum reserved for public services.

The spectrum rights approach, however, is not equally well suited to manage all parts of the
spectrum nor in al country conditions. The main limitations that may arise relate to insuffi-

4IFor example, law firmsin New Zealand have acted as brokers for spectrum trades.

42For example, an incumbent user could invest in new technologies that use spectrum more efficiently thus
freeing up some of spectrum (e.g., guard bands) for other uses or for sale.

43Spectrum trading may allow a licensee to tailor its spectrum holdings precisely to its requirements, for example,
by selling or leasing a sub-block of spectrum or its use in a particular geographical areawhere it is not needed.
44A uctions to assign spectrum for new services, such as mobile, arguably place the new spectrum in hands of
whoever can do the best with it. But whether the outcome is optimal in the long run depends, among other
factors, on the ability to predict the future accurately. The same applies for the amount of spectrum initially
alocated for mobile service. Scarce allocations for mobile are close to underutilized allocations for certain fixed
services.

45Cost reductions by existing or new operators can be passed on to consumers. Easier access to spectrum through
markets rather than regulatory decisions can lowers barriers to entry and expansion.
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cient liquidity, lack of individual spectrum rights, high transaction costs and inefficiencies,
international constraints, market failures, and conflict with public policy.

Insufficient liquidity. Relatively few buyers, sellers, or available frequencies. Markets require
choice among competing price offers and substitutable goods, in this case frequencies and
authorized transmission zones. When this condition is not met, increasing spectrum demand
and supply should be a policy objective.

Lack of individua rights. Spectrum trading and liberalization can be applied only if individ-
ual spectrum users have specific spectrum rights. The industrial, scientific, and medical
(ISM) radio bands were originally reserved internationally for non-commercial purposes in
these fields. In recent years they have also been used for license-exempt communications
applications with built-in tolerance for error, such as wireless local area networks. Short-
range low-power devices, such as cordless phones, wireless microphones, medical implants,
and remote controls, also generally do not require individual user licenses.*6 Amateur radio
operators require operator licenses awarded on the basis of skill and knowledge tests but are
not assigned individual frequencies.*’ In all these cases users have no spectrum rights that
might be traded.*8

High transaction costs and inefficiencies. Efficient trades materialize only if transaction costs
(incurred by buyers and sellers to find each other and agree on atrade) are low relative to the
value of the trade.*® Measures to reduce transaction costs can be taken by the spectrum author-
ity®0 or may develop in the market.51 In some cases, however, it may not be possible to reduce
transaction costs, and the spectrum rights approach would not work well. For example, where
there are many small spectrum users it may be impractical to bring them all together in atrade,
or the effort may be frustrated by some users attempting to get a free ride.52 Spectrum hold-up,

46A|though users are not licensed, the equipment sold for these purposes is typically subject to type approva that
ensures compliance with technical standards designed to contain interference.

47Citizens band (CB) is another use of the spectrum for which users have no individual spectrum rights.

48This could be remedied by assigning rights just like initial property would be assigned, but thisis not
necessarily desirable.

“9Reflecting high transaction costs, buyers will reduce their willingness to pay and sellers will not be exposed to the
full opportunity cost of their spectrum. Likewise, sellerswill increase their minimum price to reflect transaction
costs, and buyerswill find the cost of spectrum higher than warranted by itsreal scarcity in the economy.
S0Transaction costs may be affected by the way spectrum rights of exiting users are defined. For example, trading
would be discouraged if rights required prior regulatory approval in away that places onerous or non-transparent
criteria on whether unacceptabl e interference may result (Ercole 2004). At adifferent level, the spectrum authority
can facilitate spectrum trading by maintaining and publishing up-to-date records of current spectrum holdings.
SlFor example, spectrum brokers help bring together buyers and sellers for which the cost of individually
identifying trade opportunities might be excessive.

52This would be the case if one wanted to use the market to determine whether a particular band should be
assigned to asingle user or allocated for unlicensed use as a commons. The commons users typically would be
numerous and anonymous, and although conceivably as a group they might be willing to pay more than an
individual user for the spectrum, in practice it would be difficult to pull them all together into atrade. Moreover,
since commoners do not have individual usage rights, some of them could refuse to pay their share of the price,
on the expectation that they could get a free ride—once the band becomes (or remains) available as acommons
they could use it at no cost. Theoretical approaches to solving free-rider problems are complex and generally
impractical to apply.
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i.e., when a spectrum rights owner blocks another user from assembling spectrum across a
contiguous area, could also be an issue.

International constraints. Spectrum use can be traded and liberalized only to the extent that this
Is consistent with international treaties and agreements to which the country is a party. Spec-
trum rights for satellite and terrestrial broadcasting are established largely through global and
regional mechanisms.53 Regional harmonization, such as across the EU, promote rapid deploy-
ment of new services but limit the pace at which spectrum can be reallocated among technolo-
gies and uses.>* Freguencies and standards used for radio navigation and maritime services are
agreed internationally and used worldwide, reflecting the global nature and public safety
requirements of these services. Although international commitments evolve with time reflect-
ing new technologies and business models, they do so rather slowly, and individual countries
are not free to walk away unilaterally. The nature of international constraints varies from coun-
try to country. New Zealand is roughly 1,500 km from its nearest neighbor—little coordination
is required. In contrast, Germany must coordinate with about dozen countries that are within
150 km of its borders. Similarly, most of the land area of China and Indialies far from the bor-
der.55 In contrast, essentially all of the land area of Togo and Benin lies close to the border.
Thus, India and China can have spectrum policies that are far more self-contained and
autonomous than can Togo or Benin.

Market failures. Spectrum markets will yield economically efficient results only if the price
paid for spectrum reflects its value to society at large. This will not be the case if there are sig-
nificant external costs or benefits associated with using the spectrum, parties engage in anti-
competitive behavior, spectrum trade results in increased harmful interference, or benefits
from standardization are | ost.

» Some downstream uses of spectrum, such as national defense, emergency services, pub-
lic broadcasting, and radio astronomy, have important social benefits that are not
reflected in the private valuation of spectrum. Protection from interference can be criti-
cal for life or safety. And changes in spectrum use may also bear consequences for
users. For example, the shift from analog to digital television broadcasting is expected
to free large amounts of spectrum in demand for other uses and alow broadcasters to
offer better services at lower costs, but imposes on consumers a high aggregate cost of
replacing receivers. In principle, public sector support (e.g., subsidies) could bridge the
differences between social and private valuations, so all spectrum would be subject to
market discipline.®® In general, however, the spectrum rights approach would not be

53gatellite broadcasting rights are provided on an international basis through the ITU and cannot be transferred
for use on an dternative satellite at a different orbital slot. Some spectrum rights are thus not only bound by
international treaty but also inseparable from specific investments. The spectrum used for terrestrial broadcasting
has been divided at the international level into channels, which are subsequently allotted through regional
agreements to each country, ensuring that the available spectrum is reused as much as possible across the region.
54| n the EU, harmonization directives on GSM and UMTS have constrained the reallocation of spectrum from
underutilized public access mobile radio and paging services to cellular servicesin great demand.

55Far in radio terms generally means more than about 150 km.

56For example, a subsidy for public broadcasting can seek to place it on equal footing with commercial
broadcasting as regards the ability to compete for spectrum in the market.
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appropriate to alocate and assign spectrum to activities where the private and public
vauations are likely to be very different.5’

» Spectrum trading may be abused by parties engaging in anti-competitive behavior. Spec-
trum could be acquired to block rivals from offering competing services, or to build up
or maintain downstream market power in the supply of services to end users.>® Spec-
trum trading could thus result in economically inefficient outcomes. Liberalizing spec-
trum use can reduce the risk of such outcomes. If change in use is possible, spectrum
can be acquired outside traditional allocations, and preemptive purchasing of spectrum
then becomes impractical as atool to fend off competition.>®

» Harmful interference may increase when spectrum is traded, especially if it isalso liber-
alized.59 Where reconfiguration and change of use is possible, rules may be needed to
define and enforce rights and obligations to protection from interference for all parties.
Where uses cannot be accommodated without causing intolerable interference, rules
may be needed to bar such situations from arising or provide the parties incentives to
resolve the problem among themselves.

* As more spectrum decisions are left to the market, some of the benefits from standardi-
zation may be lost.61 Coordination of spectrum use and equipment for specific services
within and among countries results in economies of scale of equipment supply, roll-out
of new technology, and mobility of end users.? Traditionally this has been achieved

5"Nonethel ess, measures should be taken to promote economic efficiency even in cases where the spectrum is not
traded. Administrative incentive pricing of spectrum reserved for public use, including defense, may be a second-
best solution where spectrum trading is not a practical choice.

58Monopoly rents may make it worthwhile for incumbents to buy spectrum they do not need rather than allow
new entrants and face competition. The value of spectrum to the incumbent may be higher than to a competitor.
This risk decreases once several competitors are in place, or if spectrum liberalization allows new entrants to
obtain spectrum from different sources (Ofcom 2005b).

598pectrum trading can be applied only if individual spectrum users have specific spectrum rights which are
generally known. Among the first countries that permitted spectrum trading, it was more common for license
transfers to occur between competitors in the same industry rather than between firmsin unrelated industries. The
former type of trade is much more likely to raise concerns about excessive market consolidation, which may be
perceived differently by the government and the public than by the firmsinvolved in the transaction. This puts a
premium on ensuring outsider access to complete information about the economic consequences of the trade,
which may discourage or encumber the trade, and it also requires monitoring of the results of the transaction.
(Source: Robert Horvitz, communication to the authors, 2006.)

60For example, simple ownership change of spectrum rights associated with fixed links (e.g., point-to-point
microwave) can lead to interference to other users when a station is moved even a short distance. Changesin the
use of high-value spectrum, for example, from fixed microwave links to mobile, satellite, or broadcasting uses,
may call for elaborate engineering assessments to ensure it does not result in harmful interference, especially if
the spectrum is shared with other services.

61For example, the harmonization of the GSM standard at European level iswidely credited for fast devel opment
and growth of second-generation mobile phone service in Europe and subsequent adoption in other parts of the
world (GSM Europe 2004). Arguably, licensing in the US of several mutually incompatible technol ogies resulted in
sdower service growth and loss of competitive position of US manufacturers relative to European rivals (Telefonica
2004). On the other hand, the competitive market in the United States was essential to the commercialization of
CDMA technology for mobile phone service. That technology was then adopted universally for 3G wireless—the
entire world benefits today from the innovations created under the policy in the United States.

625uch as mobile roaming.
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through government and inter-governmental allocations and rules, with mixed results.
As a tradable spectrum rights regime is introduced, the scope of government interven-
tion needs to be reassessed.®3

Conflicts with public policy. The application of the tradable spectrum rights approach to spec-
trum management must be consistent with broader public policy. The transition to a tradable
spectrum rights regime, however, may result in windfalls for existing users that are deemed
unacceptable, temporary loss of fiscal revenue, difficulty enforcing existing non-spectrum
obligations, weakening of industrial policy, and constraints on the evolution of spectrum man-
agement practice itself.

* Windfall gains and losses are likely to occur when a tradable spectrum rights regime is
introduced in a government administration environment by assigning rights to current
users. Operators that had obtained authorizations to use the radio spectrum at little or no
cost (for example, on a first-come-first-served basis) can now trade or capitalize these
rights at market prices, resulting in large windfall profits.5* Making new spectrum avail-
able or allowing flexibility of use can undermine the market value of licenses bought by
incumbents at high prices, for example, in auctions for a restricted number of mobile
operating licenses. Such one-off gains and losses resulting from changes in the rules of
the game may be politically unacceptable, have anti-competitive effects, or be deemed
to undermine the overall investment climate.5®

» Delegating decisions on spectrum uses and prices to the market reduces the opportunity
for governments to extract large revenues from spectrum licensing and use. Market
approaches to the spectrum limit the scope for discretionary intervention by govern-
ment, which may be resisted in some circles. Many governments are accustomed to tax-
ing spectrum use heavily as a continuous source of general revenue. Policies that limit
the pace at which new licenses are placed on the market have been driven by the
prospects of large one-off fiscal benefits. Weaning treasuries away from these practices
may require finding alternative sources of government funding during the transition.%6

» Non-spectrum obligations of spectrum authorizations may need revision. For example,
if population coverage obligations of a mobile phone company have not yet been fully
met, they may have to be passed on to new owners if the spectrum rights are traded.
Customers need to be protected from losing service when a provider sells spectrum to a

63Where the political mechanisms for regional coordination exist (notably in the European Union, but alsoin
weaker forms in other regions), questions arise as to what extent should regional decisions and guidelines be used
to create and enforce aformal context for standardization among member countries.

641n Chinathe Peoples Liberation Army controlled large parts of the radio spectrum that eventually became
suitable for commercial use (e.g., the 800 MHz mobile telephone band). From the late 1970s, the PLA used these
assets to invest heavily in new telecommunications operating companies (Mulvenon and Bickford 1999).
85Changes in the value of spectrum resulting from business developments not anticipated by the parties, such as
lower than expected demand, the appearance of a competing product, or changing cost structures brought about
by new technologies, are not windfalls but normal consequences of business.

881n principle, spectrum trading and liberalization is not inconsistent with taxing spectrum use. Moreover, fiscal
revenuesin the long run are likely to rise due to faster growth, reflecting efficiency gains from improved
spectrum management in the sectors that use spectrum as well as throughout the economy. In addition,
governments could introduce other taxes on spectrum users that could compensate for losses of spectrum
licensing and use revenues. Such taxes could be designed in ways that do not distort allocation decisions.
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different business.6” This can limit the extent to which the spectrum rights may be
reconfigured (e.g., divided on geographical basis) or given a different use (e.g., fixed
wireless).

 Industria policies to build up domestic manufacture of telecommunications equipment
may reguire reserving parts of the spectrum for specific technologies or limiting what
parts of the spectrum may be used to provide given services. The potential benefits of
indigenous industrial development are traded off against possibly inefficient use of the
spectrum in the longer run.

» Tradable spectrum rights may make it difficult to change the boundaries between
administration, rights, and commons approaches to spectrum management. Such
changes are likely to be necessary from time to time.%8 There is an inevitable tension
between retaining authority to reclaim spectrum and creating uncertainty for users.

3.3 Scope of Application

Whether a country is capable of addressing effectively the potential limitations of spectrum trade
and liberalization discussed above is a matter to be assessed case by case. Table 3.1 summarizes
these limitations and suggests which ones are in principle within the reach of country authorities
or the industry to address. Pre-eminent in this class are the risks of anti-competitive behavior and
increased interference. In principle these fall within the province of sectoral and general competi-
tion authorities. But the ability to mitigate these risks and deal with related problems when they
materialize is likely to be the main regulatory concern when introducing the tradable spectrum
rights approach. Also, conflicts with broader public policy can, in principle, be addressed with
other government agencies or by escalating the issues to higher levels of government.

The powerful arguments in favor of spectrum trade and liberalization apply to all uses across
the radio spectrum. But in practice the limitations discussed above mean that this approach is
better suited to some spectrum uses than others. Decisions on which parts of the spectrum can
be opened to trade or liberalized must be based on the analysis of the conditions prevailing in
the particular country. Table 3.2 suggests a format for reviewing country conditions.6® For
illustration, the last column summarizes the conclusions reached by one major regional study
comprising developed as well as middle-income developing economies. The broad finding in
this case is that spectrum trade and liberalization are likely to be applicable mainly to broad-
casting, fixed terrestrial links and access networks, mobile services, and satellite communica-
tion. In a more limited way, they may aso provide incentives for more efficient use of spec-
trum reserved to special users groups, especially military and other government uses.

8’For example, Telstrain Australiais closing its CDOMA operations, and a mobile virtual network operator
attached to it is debating what to do next. It isimportant to ensure that changes in spectrum holdings do not hurt
customers, especidly if the new spectrum owners do not provide the same services as the older spectrum owner.
88For example, in Guatemala the regulatory authority has had difficulty buying back spectrum rights bands now
needed for unlicensed use in keeping with new international recommendations to enable development of wireless
broadband service using WiFi and WiMax technologies.

69The blank columns on risks and limitations reflect the view that these can only be assessed meaningfully in
individual country situations. There are few generic answers that can be applied across the board. The last column
summarizes the result of the analysis done in Europe, including transition economies that recently joined the EU.
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Table3.1 Limitations on Spectrum Trading and Liberalization

Factors

Problems

Problemsare
within reach of
usersor authorities

Individual spectrum
rights

Individual spectrum rights do not exist
or cannot be created.

Transaction costs

High transaction costs cannot be
effectively reduced.

| nternational
commitments

Proposed changes of ownership, use,
configuration, or technology are
constrained by international commitments.

Market failures

some restrictions on spectrum use or
technology.

» Externalities Major differences exist between private v
and social valuations of spectrum.

* Anti-competitive Sector or competition authorities are

behavior not equipped to handle anti-competitive v

behavior.

* Interference There is widespread potential v
of increased harmful interference.

* Standardization Major adverse effects on services are
expected from reduced global or
regional standardization or
harmonization.

Public policy

* Fiscal impact Fiscal losses are critical. v

» Windfalls Large windfall profits or losses are v
likely to occur and are politically
unacceptable.

 Service obligations The objectives of non-spectrum v
obligations of existing licenses have
not yet been reached and remain
important.

e Industrial policy Industrial development policies require v

24




paNUNUOD

'S901N9pP
abueJ-110us Jaylo pue ‘siuedwi eaipaw
‘swee ‘ssuoyd Ssa[pJod ‘SyIoMPBU e ke
[eJ0| SSaRJIM 0S|V 'SISN [e1048WLI0D-Uou abue
ZHDG'GZ ‘60| ++t [eo1pswW pue ‘J14AuaIds ‘e UISNpU| AS] | -HOous pue NS
'SS90Je JURIU |
pueqpeo.q ‘doo| [ed0| SSapJIM SSpN [ou|
ZH9 82 'S)I0M3BU 911gnd 01 SUOITRI0| [eIUBP IS SS900e
S ‘oz ‘0T ‘sz| +++ JO [212J5WILIOD 199UU0ID 0} SWRISAS | SSopJIM paxI-
(suoiress aseq a|1gow
UsaMIBQ “'69) SSOIAKSS UOITRD IUNWILLIOD
pateus 21|gnd Jo 87e40dJ02 J0) SHIoMBU
Alensn ‘wnJoeds Jo 1ed A|essusb ‘(eremosoiw “Ha)
, noybnoy | ++ Syul| wiod-03-uiod eLIsaIB L SHUI| paxiH
ZHIN ¥58-0LY
AL BMBIp
pue Boeuy "0INIBS
"ZHIN 80T—88 pue dlgnd e se Jo fefswLWod Byie ‘oljgnd e LISa 18}
/ 9250 0lpey + lesouab a3 0} Bunseopeolq A L pue olpey | —bunseopeolq
‘suweJbo.d
ZHO /T PS8} 01 SXU AN PSIRIOOSS Y "SIBAIRSI
pue 7T sHul| [eNPIAIpUI JO A} UNLILLIOD 01 3| PTeS all|pres
, -dn zHO 2T +| woJy Bunseapeoiq AL pue olpes yuljumoq | —hunseopeoig
ZH9 6GZ 01 dn "UO 722 IUNWILLOD SSauisng pue [euossad abuel
Spueq mo.lseu -Joys :01pel pueq sz i1 ainse| ‘Loddns a0
SnoRWNN | +++| AJUnwwod ‘uoieusw LiBdXd olpel INelewy | ‘olpel Jnelewy
‘Buiuonisod
ZH9 9T 03 dn [eqo|6 ‘(8M]PIes Buipnau ) Uo1ed JUNLWILLIOD
Spueq moJseu ‘1013u02 1)) ‘uoirehiNRU (eI 1IMeUC.SR
snoWNN | +++ SapN|ou| "1jeole J0) SADINISS olpey [eanneuoey
D|qedldde spueq [ea1dA] | sesn uondiosap Arewwng | sasn winJseds
Alfejousb a.re | PI|Juod | S9uN|e) [SIUBLIILUWOD | SIS0D 'Sue .t} JO IN
uolrezireoql| | Aijod | BN | feuoireusoiu| | puesybiy
pueape. |
suolreliwl] pues3siy
Apms euoifiey Joke | e JosuosniouoD puessAeuy Anunod Joj Jeuliod pexsabitng :uoiezieseq T pue dpel | Wnioeds J04adods  Z'ealdeL

25



panunuUod

‘seubs
awin pue Aousnbai ) prepuess ‘sall|ples
ZH9 G/z 01dn uolreJojdxe yues ‘Abojolosew ‘Awouo.ise
Spueq snosswnN ++ olpeJ ‘suolesedo pue Uyo1easal adeds J14NUBIDS
(Bunseopeoiq
10U) BW N Lew pue ‘ eanreuoc.oe
pa.teys ‘(LVYSA "9) sedinies pue| sapnjou|
Apsow ‘zHO TE “(81100W Jo pax1y) SuoImes YLies pue S| ples a|lqow pue
/ -G’z spueq Aue i\ + | USBMSQ UO 122 [UNWILLOD Yul|-umop pue -dn |pax1j—oll|pres
‘(@noge) swnirew pue
[eanreuo.se se |pmse ‘Buiuonisod fego|b
ZHS g9z 01 dn ‘(uonoeep wlos “H9) ABojoIosBW ‘SBOINIBS uolebineu
spueqgsnoswnN | +++ | apks buipnoul ‘uoiebineu o) swesAS olpey
"JBYIBM ‘SSBUISIP ‘BoUR||IBAINS [eI1Se09
ZHO €6 ‘louo9 21}fe 1od ‘Buiuonsod o1U09 B
01 dn spueq ‘Uo TR IUNWILIOD ‘(fepel) uoiebineu
pozipiepuels | +++ | awnlew sapnou| 'sdiys 10} Sa0IALSS Olpey awniren
Siompu (YN Vd) olpel
3]lgow sssa%e 21jgnd pue sa1es Buifed
ZH9 12 0S|V 'S99IAISS U ‘Buifiessaw 1) olpel
—’0 Spueq 1oys ‘auoyda el 91jgnd ajigow sepnjou| ‘asn | ajigow o1jgnd
, pazipfepuels + 21|gnd 10} S30IAJSS BIep puUe 8210A3|IO A | —8]Igow pue-]
wn.oeds
ZHIN 006—0€ "(suen Alonip ‘sixe) “69) 184 80 IURA
noybBnoiy) 1o ‘(sjoired A11nodss ““69) suoireziuebio olpel
spueq apIm ‘(Sopieraniem “63) senpiaipul A | 8|igow areALd
) -ZHINOT J0G| +++ | pasnsweis/s olpelajiqow Aem-0M] iHINd | —o[iqow pue-|
D|qedldde spueq [ea1dA] | sJesn uondiiosep Arewwns |[sssn winayoads
A|rejousb a.re | 111Juod | S3UN|e} [SIUBLUIILULIOD | SIS0D 'Sue .} 10 IN
uolrezieeql|| Aolod | BN | [euolfeulolu| | puesiybry
pueape. |
suolieliwl] pue sXsiy
psnunuoy  Z'ealqel

26



00z ‘Uoiun ueadoinz,

0T Uey1 sso| A|eo1dAl ‘siybu sesn Mo+

SpaJpuny 8y} Ul Uso ‘siybi sJesn Jo Jegquuinu 81eIepo N++
spuesnoyl ayl ul ualjo ‘sybul Jesn Aue \+++

‘Y002 " 1B SASAeuy wou) padopasp :82.nos

*|043U02 D111 pUe PR ‘punolBiepun ‘swe

ZHS 8/-9 ‘sasng ‘sAem|fel se Yons ‘sadlinles 1iodsuel
spueq [eenss ++ 211gnd Jo uoiesedo ayy o} pasn sweIsAS | odsue.) o1jgnd
'SaIpoq
JAUY10 Y1Im Os e uoireulplood Asusbiewe
ZH N S6£—9S pue ‘S901AJeS 3oUR INgue pue ‘aoljod
spueq RS | ++ | ‘daiysapnjou] oljgnd ay) 01 seolnses Apes | A Jes olland
“Jasn winoads 1sebre| syl si A11ndgss
puUe asus Jap ‘salunod Auew u| 'suoiredi|dde
win.oads Arelljiw Jo Ap1eAabre|e pue ‘suoireiedo
31 Sso0y ++ J0 10npuod ‘Buiuued oiBaress Joj 1oddng ArlIN
sdnoJb Jesh panjesoy
L|qeoljdde spueq ealdA] | skesn uondiosep Arewiwns | sasn winJjseds
A|feousb a.re | 1011juod | S9In|ey} [SIUBLIIIWIWOD | SIS0I 'Sue J} 10 IN
uolezie.eql|| Alpod | BN | euolreuleiu| | puesiybry
pue ape. |

SuoITeIWI| PUR SYSIY

penunuoy  Z'ealqel

27



3.4 Building Blocks

Management of the spectrum in terms of tradable spectrum rights has three main building
blocks: defining spectrum rights and obligations, managing interference, and safeguarding fair
competition. These building blocks are essential irrespective of whether the tradable spectrum
rights approach is established as a greenfield project, such as during the early stages of privati-
zation and liberalization of the telecommunications market overall,” or introduced in the con-
text of fairly developed government administration spectrum practice. In the former case it is
easier to move quickly toward the full potential, simplicity, and benefits of the rights approach,
whereas in the latter case more compromises may be needed and progress may be slower. Spe-
cific choices must be tailored to the country’s circumstances.

Defining spectrum rights. For a spectrum market to work well, it is essential that buyers and
sellers have legal certainty about the rights that are traded. These rights, including any associ-
ated obligations, largely define how any particular part of the spectrum may be used and thus
have a big impact on its value.

Spectrum rights are defined primarily in terms of four parameters: spectrum endowment, geo-
graphical coverage, duration and time of use, and protection from interference.”? These param-
eters apply irrespective of how the rights are initially granted and whether and how they are
subsequently traded, but the way they are specified varies with the approach to spectrum man-
agement under which they apply. New rights, such as granted when spectrum is released to the
market for the first time or following recovery from existing users, can be defined from the
outset in ways that are suitable for trading. Existing rights granted through traditional spec-
trum administration, however, need to be clarified, especially with respect to protection from
interference, before they can be effectively traded. Existing rights often are tied to additional
obligations, which also need to be clarified.

*  Spectrum endowment defines the spectral domain within which the rights apply. This
has traditionally been stated in terms of individual frequencies or bands of spectrum
comprised between two given frequencies.”2 The practice has been carried over to the
spectrum rights approach.”® Where permitted, rights holders may reconfigure (divide or
aggregate) their spectrum endowments.”* Combined with trading (e.g., sale, lease) and
change of use, reconfiguration can improve the efficiency of spectrum allocation and
assignment over time, but increases the risk of interference and spectrum fragmentation.
The trend istoward leaving it up to spectrum rights owners to decide how they reconfig-

70As was the case in Guatemala (1barguen 2004).

7IAdditional parameters have been proposed by various sources, reflecting different conceptions of what the
rights should entail. See, for example, Aegis 2006.

"2Trade and reconfiguration can increase efficiency of allocation and assignment over time, as well asimprove
the efficiency of initial assignments.

73Alternative ways of specifying spectrum endowment have been proposed but so far not adopted in practice.
7ANew spectrum, or spectrum recovered from other users, could be released in large blocks leaving it to the
market to determine the extent to which disaggregation is efficient—provided there are no related competition
issues either in the spectrum market or downstream services. Besides dividing and aggregating spectrum by
frequency, reconfiguration can also be done by geographical coverage, time of use, or other characteristics such
as coding technique.
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ure their spectrum, subject to rules on interference that apply independently of technol-
ogy used or service provided.”

Geographical coverage specifies the spatial domain within which the spectrum rights
may be used. Rights may apply, for example, throughout the country, within given
regions, or in specific locations. Spectrum is often used more intensely in some parts of
the country than others. Where allowed, reconfiguring national rights by geographical
coverage frees unused spectrum for different applications. Provisions to limit geographi-
cal coverage designed to prevent harmful interference can be relaxed in areas where
spectrum is used lightly.”®

Duration and time of use specifies the time domain of the spectrum rights. Clarity about
expiration and renewal of rights is a key factor determining the value of spectrum and
the willingness of rights holders to invest in its use. Under traditional administration,
rights are generally granted for finite periods so the authorities can eventually reallocate
and reassign spectrum in response to changing circumstances.”” Under the rights
regime, flexibility is achieved faster through the market by spectrum trade, reconfigura-
tion, and change of use.” The trend is for the authority to issue rights in perpetuity but
retain the possibility of reclaiming spectrum at market value under exceptional circum-
stances spelled out in the rights and subject to a process that ensures transparency and
fairness.”

Protection from interference establishes the right to receive signals without harmful
interference from other spectrum users, and the obligation not to cause harmful interfer-
ence. The risk of interference is not materially affected by spectrum trade alone,®° but
may increase when spectrum rights are reconfigured or use is changed. The trend is to
specify, as part of defining spectrum rights, the maximum acceptable levels of signal
strength caused by the rights user outside the authorized frequencies and geographical
areas. The primary responsibility for resolving interference problems is placed on the
spectrum users themselves. Resolving interference problems when they occur can be
facilitated by incorporating in the spectrum rights an obligation to negotiate interference

management arrangements with other spectrum users and establishing clear rules for
handling unresolved disputes. An alternative approach would be to define spectrum
rights in terms of maximum transmitter contributions to interference within and outside

75A variant, pioneered in Australia, comprises defining the smallest parcels into which the spectrum may be
divided and traded. Another variant, used in New Zealand, is to grant rights to manage (e.g., reconfigure and
trade) large parcels of spectrum for use by others. The combination of reconfiguring, change of use, and leasing
would enable owners of spectrum use rights to become de facto rights managers even if rights managers are not
explicitly created.

76T his facilitates extending services to unserved or underserved areas, notably provincial and rural areasin poor
countries.

""Duration varies between long periods (e.g., 20 years) with possible but uncertain renewal, to one year with
expectation of automatic renewal except in specific circumstances. Some authorizations have been issued for
perpetuity but with the option of the authority to recall them on short notice.

78Except in the case of market failures.

7Exceptional circumstances may include market failures, national emergencies, broadly recognized need to free
spectrum for unlicensed use, or changes in international or regional commitments.

80pyre change of ownership does not change interference, but even small changes in usage, such as relocation of
atransmitting station (for example, amicrowave terminal), can ater significantly the interference pattern.

29



authorized frequencies and geographical areas, giving the rights holders flexibility of
services and technologies to avoid harmful interference without the need to negotiate
with one another (Kwerel and Williams 2006). Interference management is further dis-
cussed below.

Additional obligations are often attached to spectrum rights granted in the context of traditional
spectrum administration. This typically includes restrictions on type of service and technology,
or downstream service obligations (e.g., roll-out, coverage). Such additional obligations limit
the scope for spectrum trade and liberalization.8! Legal certainty is needed over whether and
how these additional obligations will be transferred in the event of atrade.82 Whenever possible,
the additional obligations could be dropped before trade is introduced.83 New rights, such as
granted for spectrum newly released or recovered from previous users, should not be burdened
with additional obligations that would distort the emerging spectrum market.84

Managing interference. The prevailing view on the critical issue of preventing and managing
interference under the spectrum rights approach is along the following lines. The holder of
spectrum rights has (a) the right to receive signals within a specified zone without interference
by others above a certain level, and (b) the right to transmit signals in a specific bandwidth
either on a mobile, itinerant, or nomadic basis or within a specific area, and (c) the obligation
not to cause harmful interference to other stations operating in conformance to their authoriza-
tion above that level .8 Defining spectrum rights only by frequency, space, and time does not
afford protection against interference. Interference thresholds must be specified as integral part
of spectrum rights. In order for rights to be tradable with possible reconfiguration and changes
of use, interference thresholds must apply irrespective of the technology used or the service
provided.86 Defining interference thresholds can be a difficult task.

Several options for ensuring acceptable interference levels in a spectrum rights context can be
considered. Interference issues can be primarily managed by the spectrum authority, as under

81By impeding access to parts of the spectrum or distorting the costs of deploying particular technologies or
services.

82|f the additional obligations remain with the original rights holder, the incumbent may be placed at a
competitive disadvantage relative to new users of its spectrum. If reconfiguration and change of useis allowed
together with trade, it may be difficult to ensure that the obligations are honored.

83This may be the case when the obligations have already been met, for example the timetable to roll out a new
mobile network.

84The main argument for additional obligationsis for supporting public policy objectives. In general these
objectives can best be met by using other policy instruments, such as subsidies, rather than by distorting spectrum
markets.

85\While the concept of permissible levels of interference exists in atransnational setting, and negotiations
between states normally produce context-specific definitions of permissible interference, intra-national
regulations still tend to equate detectable interference with harmful interference even when the economic damage
isnegligible. Thisimpliesthat any interference is harmful. However, the concept of an interference protection
mask has gained popularity among regulators recently as away to specify the conditions under which authorized
signals may overlap, while avoiding disputes over whether harm has been caused. (Source: Robert Horvitz,
communication to the authors, 2006.)

86The usual tools to achieve interference protection under government administration of the spectrum are
technology- and service-specific and not suitable for trading (other than pure change of ownership). Some
technologies will be better off than others at given levels of interference threshold.
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government administration, including examining proposals for change of use on a case-by-
case basis, establishing interference limits, and resolving disputes. Alternatively, interference
management may be largely delegated to the users themselves.8’ This reduces the workload of
the regulatory authority, facilitates moving away from entrenched administration attitudes and
practices, and reduces the risk of capture by incumbent users. The spectrum authority might
nonetheless retain ultimate responsibility for enforcement, manage interference issues among
users subject to different spectrum management regimes,®8 and manage spectrum that remains
under government administration.

Whichever way the responsibility for interference management is apportioned between the
users and the spectrum authority, default interference levels must be set as the starting point
for technical planning by users as well as for negotiating and resolving disputes. Options for
defining interference thresholds include use of existing thresholds for individual bands under
government administration, definition of new technology-neutral thresholds, and a combina-
tion of both.89

Enforcing fair competition. Anti-competitive behavior in the spectrum market can arise as
users defend or try to create positions of market power in the provision of downstream ser-
vices. This may occur through concentration of spectrum holdings currently in useto provide a
particular service, or through incumbents buying up spectrum that would be needed by poten-
tial competitors.%0

Some measures to reduce the risk of anti-competitive behavior in spectrum markets are
within the province of spectrum policy itself. Anti-competitive trades can occur only when
spectrum for a particular use is scarce. As much spectrum as possible should be placed in the
market, without technology or service restrictions. Any such restrictions on spectrum cur-
rently in use should be removed. Operating licenses for particular services should not be tied
to specific spectrum frequencies.® More generally, policies that encourage widespread com-
petition in downstream services reduce the incentive for anti-competitive behavior in the
spectrum market.

87All countries where the tradable spectrum rights approach has been introduced devolve substantial
responsibilities for interference management to users. There is evidence that spectrum users can cooperate to
manage interference adequately, provided they have commercial incentivesto do so.

88Delegating responsibility for resolving interference issues to the spectrum usersis unlikely to work well in
cases of interference between arights holder and unlicensed users (e.g., of an adjacent band), or when spectrum is
shared among many users (Analysys etal. 2004).

89The UK has put in place aform of defining interference thresholds that start from existing levels of protection
from interference under traditional government administration of the spectrum and moves towards technol ogy-
and service-neutral new thresholds as the opportunity arises. This approach provides both flexibility of useand a
high level of protection against actua interference. See Ofcom 2005b, 2006.

9Holding unused spectrum (hoarding, warehousing) may be for alegitimate business purpose. Thisincludes
providing for future capacity expansion or broadening of services, aggregating spectrum on geographical of
frequency basis for subsequent provision of new services, and asinvestment for sale when it has appreciated.
91Qperating licenses to provide high-value services, such as mobile phones, are often tied to specific spectrum
assignments to be used with specific technologies. Mobile operators typically are not allowed to use other bands.
This creates a entry barrier to the downstream market.
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Remaining risks of anti-competitive behavior in the spectrum market can be handled by apply-
ing general competition law. General competition law can be used to address abuse of market
power through spectrum trading once it has occurred.?? As a body of experience builds up
applying competition law ex-post to specific cases of spectrum trading, it will also provide ex-
ante guidance to partiesinvolved in potential trades with competition implications. Attempts to
apply general competition law ex-ante are less likely to work. There are no ssmple objective
criteria that can routinely distinguish spectrum trades that are anti-competitive from those that
reflect legitimate business strategies.?3 Case-by-case examination would be needed, and the
authorities would find it difficult to predict whether a particular spectrum transaction would in
the future result in adverse effects on downstream competition.%*

Some anti-competitive spectrum trades may fall under merger control rules. Large spectrum
trades are often accompanied by the change in ownership of related assets (e.g., network infra-
structure, customer base). Merger regulations can be applied to determine whether the transfer
of spectrum involved in such a transaction is likely to adversely affect the existing level of
competition, for example, by constraining or eliminating a competitor. In such cases, mergers
may be approved subject to specified changes in the spectrum holdings.®

Where effective general competition law and merger controls are not in place, the primary
tools for containing anti-competitive spectrum trade will be accelerating spectrum trade and
liberalization as well as competition in the provision of downstream services. In addition, rules
for fair competition can to some extent be incorporated in sector-specific legal and regulatory
frameworks or built into the spectrum rights themselves. Imposing some conditions on spec-
trum trading, such as transparency and non-discrimination, can reduce the risk of deals that
preserve market power, albeit at the expense of some of the efficiency gains from trading.®®

92Competition law prohibits the abuse of market power, not the existence of market power itself.

93A variety of screening criteria have been proposed. Examples include the amount of spectrum transferred, the
parties’ spectrum holdings after the transfer, and the parties' downstream market shares before and after the
transfer. Arguably none of these criteria, alone or combined, provide an effective basis for allowing or
prohibiting spectrum transactions. Likewise, restrictions on spectrum use, such as“useit or loseit,” cannot
discriminate effectively between keeping spectrum idle to constrain competition of for legitimate business
purposes. Moreover, “useit or loseit” rules cannot be enforced objectively and undermine the potential
efficiency gains from trading.

94A ssessing the future impact of a particular spectrum trade on competition is likely to be highly subjective and
speculative. Whether a particular transaction will hurt competition depends, among other factors, on the
technology used, the ability to use existing or new equipment in other frequencies, whether spectrum is being
traded in aternative bands, the extent to which spectrum use has been liberalized, and benefits from following
international standards.

9The sale of Bell South mobile operationsin Latin Americato Telefénicain 2004 was subject to approval in
several countries where the competition authorities were able to require some of the combined spectrum to be
returned to the authorities for reassignment to existing or new competitors. In contrast in Peru, where Telefénica
aready had market power in fixed voice, cable, and Internet, there were no applicable merger or competition
controls that could be used to similar effect.

96Selling spectrum only to weak competitors or with market conditions attached can help entrench market power.
Prescribing how spectrum should be traded, however, can reduce the efficiency gains from trading asit limits the
options open to potential trading partners.
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3.5 Implementation

Rapid deployment of the rights regime throughout the applicable spectrum extends the oppor-
tunities of trading and liberalization to al usersin all bands, and alows migration among all
bands to overcome quickly artificial scarcities resulting from traditional spectrum management
practice, but possible speed of implementation may depend on market maturity.

Whenever possible, rights should be assigned for spectrum that is not in current use.®” This
gives the spectrum authority a free hand in designing the new rights without the complication
of amending or coexisting with old licenses, and the new rights holders are free from interfer-
ence from legacy uses. Unassigned and returned spectrum are prime candidates. Mandatory
clearance of occupied bands before issuing new rights may be possible, without major disrup-
tion or undermining credibility of the regulatory regime, when existing licenses expire, thereis
alternative spectrum to which users can migrate, or users are willing to move on a voluntary
basis. An alternative is to let the market determine the timetable for clearance. For example,
new tradable rights can be granted for occupied frequencies, encumbered by the incumbent
users rights until the latter expire by afixed date. The parties can negotiate earlier clearance.

The main tool to handle existing users is converting the current licensesto new tradable rights. This
allows quick deployment of the spectrum rights regime, avoids disruption and uncertainty, and
enhances the value of spectrum to current users. Many existing licenses can be converted into trad-
able rights through a class authorization, which keeps processing costs down, but some licenses
may need to be handled case-by-case.® Converting existing licenses to tradable rights can be quite
complex, including introducing measures to contain and manage interference and resolving what to
do with additional obligations (e.g., roll-out, coverage) attached to the existing licenses.

4 Developing a Spectrum Commons

In contrast with the traditional government administration and the spectrum rights regime,
both predicated on individual licenses conveying rights to use specific frequencies in a defined
area, the commons approach is based on an open sharing of spectrum among users without
guarantees of interference-free operation. Spectrum frequencies are not assigned to specific
users, neither by a regulatory authority nor by the market, and it is generally left to the users
and their equipment to avoid interfering with one another.

4.1 Basic Features

Under the spectrum commons approach, spectrum is available to all users that comply with a
few established technical standards.®® These standards are designed to mitigate potential

97This may raise concerns about hoarding, windfalls, and other potential problems. An alternative may be to
release spectrum only in response to demand.

%BWhile allowing trading is easy, liberdization (providing flexibility of use) is more difficult. Ofcom found that
class authorization could be applied only to few licenses.

99Technical restrictions may apply to transmitted power (generally much lower than allowed under government
administration or spectrum rights), system range (distance covered), or protocols.
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interference from building up for the commons as a whole. Usage rights can be flexible, with
minimal or no restrictions placed on the type of service for which the spectrum can be used.
Because the regulator has limited information about the deployment of spectrum commons
equipment, it isimpractical to investigate or manage interference among users. Users of such
equipment are aware that there may be heavy spectrum sharing at certain locations and the
ability of the equipment to withstand interference depends on its technology, design, and
quality. The spectrum authority generally abstains from regulating equipment quality except
for compliance with the basic technical rules, often by reference to agreed minimum interna-
tional standards.1%

Besides the need to reform spectrum management resulting from the limitations of govern-
ment administration, the major driver for the development of a spectrum commons is techno-
logical innovation. Radio technologies now coming to market or under development avoid
causing insurmountabl e interference among users even when transmitting at the same time, in
the same place, and on the same parts of the spectrum.19! These technologies result in more
efficient use and easier sharing of the spectrum, and may eventually render spectrum scarcity
obsolete—all this at declining costs (Wellenius and Neto 2005).

Several specific commons models are being tried or proposed:

» The license-exempt model allows using designated bands without individual authoriza-
tion, which facilitates entry and encourages experimentation with new technologies and
business models.192 License-exempt use, however, does not mean unregulated. The
authorization for use of these bands is accompanied by some technical limitations, both
to contain interference among commoners and to protect other users of these bands.103

100The commons model has in the past been referred to as relying on community-based arrangements and
compared to grazing lands that are used in common by herdsmen in a community, or to public parks or hunting
lands that can be accessed by anyone. Some have even argued that access to spectrum on an unlicensed basisisa
human right, and that issuing licenses should be an exception, not the rule. This argument was put forth by the
Open Spectrum UK group in its comments to Ofcom’ s Spectrum Framework Review (see

http://www.of com.org.uk/consult/condocs/sfr/responses/openspectrum.pdf): “Article 10 of the European
Declaration of Human Rights asserts that everyone has the right ‘to receive and impart information and ideas
without interference by public authority.” Licensing is an ‘interference by public authority’ and assuch it is
permitted by the EDHR only for ‘ broadcasting, television or cinema enterprises’ or when ‘ prescribed by law
and . . . necessary in ademocratic society . . .[for] public safety, for the prevention of disorder,” etc. When
licensing cannot be justified by any of these exceptions, it must be considered a violation of human rights.”
101These technol ogies are based on advanced digital signal processing (compression, multiplex, spread spectrum
applied to the design of new types of radio equipment (smart radios and antennas, software-defined radios,
cognitive radios, multiple-input multiple-output networks, and mesh, ad-hoc, or vira networks).

102D eregul ating spectrum access by promoting license exemption (for example for the use of WLAN
technologies) can offer significant advantages for users, in particular the cost savings and convenience resulting
from the possibility of using radio equipment without the need to apply for alicense. It also benefits innovation,
asit gives entrepreneurs the grounds to experiment with new technologies or business models (Neto 2004).
1035eg, for example, I TU-R Resolution 229, adopted at the World Radio Conference in 2003 (WRC-03), on the
“Use of the bands 5150-5250M Hz, 5250-5350MHz and 5470-5725MHz by the mobile service for the
implementation of wireless access systems including radio local area networks.” This resolution created the first
globally-harmonized bands for unlicensed WLANSs as a primary allocation. But to protect existing co-primary
usersin these bands, including radar systems, WLANSs are required to have interference-mitigation capabilities
and built-in protocols.
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» Another model is the private commons, where only qualified users have access to the
band, which they share. Amateur radio, for example, is a service where many individu-
ally authorized users share designated spectrum bands without individual frequency
assignments.104

» The more general open wireless networks model involves managing the use of spec-
trum as public property by opening up the bands to users of equipment that can find,
aggregate, and use vacant spectrum (Benkler 1998). Arguably this is akin to the Inter-
net regulatory model, in which a decentralized commons structure is possible because
the network’s intelligence lies in the decentralized nodes, i.e., the users computers
(Hatfield 2005).105

Spectrum rights (discussed in chapter 3) can be designed so as to approximate some of the
benefits of the commons model. A variant of the exclusive rights approach would subject
rights holders to government-mandated easements. Easements would, for example, allow other
users to transmit on the same frequencies without the rights holders’ authorization, provided
they do not interfere with its services (Faulhaber etal. 2002).1% This variant addresses the high
transaction costs that otherwise would be incurred by users of several new technologies now
coming to market that have considerable spectrum-saving potential and network development
advantages but need broad access to the spectrum.19” Easements could also address high trans-
action costs for users that need immediate but short-term access to certain portions of the spec-
trum (e.g., public safety agencies) or global access to spectrum under harmonized rules (e.g.,
satellite operators) (FCC 2002).108

104A mateur radio is a hobby enjoyed by about three million people worldwide. They use internationally allocated
bands to experiment and communicate using voice, data, or video technologies. Amateur radio operators are
licensed and given unique identification call signs by their governments upon passing tests on related technical
and regulatory subjects. Amateur radio operation is subject to regulations in each country. Enforcement of
regulations and management of interference are largely achieved through voluntary adherence to codes of
behavior.

105Benkler (1998) argues that this means regulating wireless communications as the I nternet, with minimal
standard protocols and limited governmentally-imposed rules of the road. In the Internet domain, a decentralized
commons structure is possible because the network’ sintelligence lies in the decentralized nodes, i.e., the
computers (Hatfield 2005). In the spectrum domain the nodes would be the radio receivers—hence the potential
for smart and cognizant radios. It can be argued, however, that in the Internet domain management models started
with the commons approach, but that there is now the need to introduce some intellectual property and
administrative (ICANN) governance functions. The challenge faced in Internet governance, as in the spectrum
domain, isto find the right balance between the different models.

106The FCC recently published two decisions which give interference rights to unlicensed users and non-
exclusive use rightsto licensed users in different bands (FCC 2003b).

107Exampl es are technol ogies that require simultaneous low-power use of awide spectrum range (e.g., ultra-wide
band technologies) and short term access to individual frequencies over awide spectrum (e.g., software-defined
radios).

108Engineers are concerned that there are more serious limitations for radio devices to recognize the radio
environment in which they operate (which would be a precondition for designing an underlay approach). Ways
out may include requiring existing users to broadcast characteristic signatures that would make it easier to detect
their presence. More thinking in this area needs to be done and it will likely not be sufficient to just declare that
devices may use any frequency as long as they do not interfere.
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Different forms of spectrum commons are already in place in several countries, usualy in the
bands allocated to industrial, scientific, and medical devices.1%° By late 2004, at least 55 coun-
tries had allocated spectrum for license-exempt use (ITU 2004). Bands that were regarded as
of little use are now considered to be potentially valuable, and their use is encouraging tech-
nology innovation as well as more intensive band utilization (Weiser and Hatfield 2005).

There are numerous consultations underway around the world about extending the commons
approach to additional services.'1? The trend is for license-exempt use to grow. Several coun-
tries have also permitted the use of some new technologies, such as ultra-wide band, to operate
across bands in which exclusive user authorizations are in use, acknowledging that spectrum
sharing is possible. The US is aso furthering this idea by discussing the concept of allowing
any transmission whose interference does not surpass a certain level to exploit already-
assigned frequencies (FCC 2003a).111

4.2 Advantagesand Limitations

The argument for a spectrum commons is mainly that it may congtitute one of the answers to the
current debate about how to manage and use the radio spectrum more efficiently. Because under
the commons approach no spectrum is exclusively held, and the permitted signa range is rela-
tively short, a very high density of users can be accommodated, and users have practica incen-
tives to adopt spectrum-efficient technologies that use whatever spectrum is available (FCC
2002). Devices that better tolerate interference will win more buyers and gradually displace less
resilient equipment from the market. New wireless systems also may be the technology of choice
in parts of developing countries where the spectrum is not very congested and the risk of interfer-
enceislow, and also because of lower costs and minimum investment requirements.

Innovation is not only the driver of a spectrum commons, it may also be its product. Opening
bands to commons use, with low entry barriers and without authorization conditions that
freeze the characteristics of radio equipment, opens up grounds for innovation. This alows
users to experiment with new technologies, potentially respond rapidly to changing demand
patterns, and adapt technologies to local needs.12 Success, however, depends among other fac-

109The Consumer Electronics Association in the U.S. estimates that there are around 350 million license-exempt
devicesin usein applications such as cordless tel ephones, garage door openers, remote-control toys, baby
monitors, home security systems, and automobile keyless entry systems (Hatfield 2005).

110A report issued in early 2006 gave numerous examples from 16 European countries. Since 1997 Denmark has been
gradually introducing license exemption in the maritime mobile service. Sweden plans to exempt the use of VHF by
private boats in 2006. Estoniais considering the exemption of satellite news gathering equipment. Hungary aready
exempts amateur radio use from licensing, and the Netherlands plans to do the same from 2007 (CEPT 2006).

11This concept is referred to as interference temperature. A different type of co-existenceis cognitive radio. A
cognitive radio looks for momentarily unused parts of the spectrum, makes use of the spectrum and then vacates
it before the license holder wishes to useit. In arecent statement the UK regulator, Ofcom, declared that it sees
many technical and commercial problems with cognitive radio which might result in interference, and so does not
propose to make it license exempt. Ofcom, however, mentions that, under trading, it would allow license holders
to agree cognitive access with third partiesif they wish to do so (Ofcom 2005b).

2There is anecdotal evidence and a swelling conceptual debate linking the speed of innovation on the Internet to
the availability of an open access platform (Bar etal. 2000; Lemley and Lessig 2001).
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tors on avoiding unnecessary technical restrictions on equipment.113 Equipment manufacturers
and users should determine product features and functions, rather than the regulator second-
guessing the market.

Simplified, license-exempt access to commons bands also lowers barriers to entry, enhances
competition, may result in lower capital requirements,14 and reduces time for deployment.
The regulatory and financial burden on all players is reduced, as users do not need to go
through the formal process of obtaining exclusive authorizations and paying the corresponding
fees, and as new technologies provide more cost-effective alternative means to contain inter-
ference. The risk of regulatory capture and corruption in the assignment of authorizations is
also reduced.1> Moreover, exclusive-use licensing is poorly suited to authorize these new
technologies, and thereby delays the benefits they can bring (Ikeda 2003, Benkler 2002, Reed
2005). Lower barriers to entry may facilitate a more participatory and community-based uti-
lization of the spectrum by non-commercia entities—for example by NGOs, local govern-
ments and civil society.

The main concern about the commons approach is the risk that the commons will be overused
and degraded by interference. Despite technology evolution, there is a limit to the number of
devices that can coexist. Some technical parameters will be needed to keep interference at
manageable levels in high-occupancy areas. Even so, if spectrum remains in short supply, the
commons could have too many users and overall performance could decline.116 Possible strate-
gies of dealing with this issue will be discussed below. Associated risks include deliberate
abuse and intentional harmful interference.1’

An additional concern for governments when looking at license-exempt bands is the loss of
fiscal revenue. In most countries, the fees charged for spectrum authorization and use represent
a significant source of revenue for the national treasury and also of the spectrum authority’s
operating budget. License-exempt use of the spectrum arguably increases consumer welfare

113The success of aradio commons depends to alarge degree on the reasonableness of the criteria for “type
acceptance” of the equipment. It is unfortunately easy to move rigid, restrictive conditions found in licenses to
the type acceptance process, so that there is hardly any gain from de-licensing. Many members of the European
Union, for example, reguire license exempt WLANSs in the 2.4 and 5GHz bands to use only the “integral antenna’
supplied with the transceiver at the time of purchase—eliminating the possibility of choosing an antenna better
suited to the specific link requirements and less likely to cause or be affected by interference.

14Capital costs can be distributed among users (e.g., through mesh networks) rather than being concentrated in
traditional supply infrastructures.

115For cases which have been found to be problematic, see, for example, “Majority of Corruption Casesin China
Linked to Licensing: Official,” People s Daily, 30 August 2003 at http://english.people.com.cn/200308/30
/eng20030830_123408.shtml, or “Ministerio Piblico investigaa CANARA y Oficina de Control de Radio,”
Informa-Tico.com, 9 June 2005—at http://www.informa-tico.com/php/expat.php? d=06-06-0501237& ed=53

& fecha=06-06-05& foro=40.

116A s earlier with fishing in international waters, overgrazing of public pastures, and other situations, this has
been labeled “the tragedy of the commons’.

11"We can draw a parallel between these and Internet spam. While unlicensed spectrum provides huge cost
savings to the user, it has the side effect that denial of service attacks are trivially simple. By just turning on a
high powered access point, cordless phone, video transmitter, or other 2.4GHz device, amalicious person could
cause significant problems on the network. Many network devices are vulnerable to other forms of denial of
service attacks as well.
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and economic productivity, but it also reduces opportunity to levy fees. While deregulated
spectrum is generally seen as being of an unprotected nature, some level of regulatory enforce-
ment may be needed to prevent excessive interference and free rider problems (Hatfield 2005),
and therefore there are some associated regulatory costs that must be recovered.

Other transition issues include legacy equipment, irreversibility of deregulation, and related
loss of government control. Whereas new devices may behave nicely in a coexistence scenario,
traditional technology does not, and there may be situations where legacy equipment and com-
mons equipment coexist in the same or adjacent frequency bands. For example, short-range
low-power devices for mass market commons use (such as wireless routers for residential use)
invariably have limited receiver performance, rending them susceptible to interference from
generally higher-power older devices operating in adjacent licensed bands. From a spectrum
management point of view, the process of opening a band to commons use would be very diffi-
cult to reverse. The same could be said for changes in regulation for the spectrum rights
approach, given that there are sunk costs associated with network build out. But, in the case of
the commons bands, there is the additional complexity that there is no record of who is using
the bands and with what equipment, and therefore it is a chalenge to discontinue use other
than by the slow process of waiting for the equipment in use to reach the end of their lives
(RA 2002). When considering which bands to make available for commons use, the difficulties
involved in subsequent re-allocation of the spectrum must be taken into account.

4.3 Scope of Application

The commons approach to spectrum management is more appropriate for certain uses than
other. Despite arguments about the ability of spectrum commons to alleviate congestion, con-
gestion across key parts of the spectrum is likely to continue for the foreseeable future.
Whereas there are mechanisms to reduce the possibility of congestion in license-exempt bands
(e.g., power limits, operating protocols) some argue that the license-exempt approach should
be restricted to bands and applications where congestion is unlikely (Cave and Webb 2004).
Commons approaches would therefore have advantages for short range communication, in rel-
atively closed spaces (such as offices, hotels, or airports), or where communication density and
spectrum use are low. Thisislikely to be the case, for example, in the rural areas of developing
countries.

Moreover, there are some indications that a commons regime may not be as attractive to
investors as an exclusive rights system (FCC 2003a) for applications that require fixed invest-
ments for network build-out, or whose users require higher reliability and quality of service. In
these circumstances operating companies might have trouble attracting capital because of the
lack of assurances against future interference or sustainable throughput. Box 4.1 gives an
example.

4.4 Building Blocks

One or more of the following four building blocks need to be put in place in order to imple-
ment a commons approach to spectrum management: rules for access and use, mechanisms to
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Box 4.1 Tanzania: Commercia Servicesvs. Unlicensed Spectrum Use

An example from Tanzania highlights the possible inadequacy of unlicensed bands when
providing commercial services. In contrast to projects devoted to ubiquitous access, commercial
wireless deployments focus on delivering services to organizations, typically those with critical
international communications needs. Technical solutions must therefore provide solid, 99.5%
availability Internet and data connectivity.

CyberTwiga, one of the first Internet service providersin Africa, was founded in 1995.
Commercial services, limited to dial-up email traffic carried over a 9.6 Kb/s SITA link (costing
over $4000 per month), began in mid-1996. Frustrated by erratic performace of the local
telephone connections used to reach its customers, and buoyed by a successful deployment of a
three-node point-to-multipoint (PMP) network for the Tanzania Harbours authority, CyberTwiga
negotiated with alocal cellular company to place a PMP base station on their central mast.
Connecting a handful of corporationsto this proprietary 2.4 GHz wireless local access network
system in late 1998, CyberTwiga validated the market and its technical capacity to provide
wireless services.

As competitors haphazardly deployed unlicensed 2.4 GHz networks, however, two facts
emerged: a healthy market for wireless services existed, but arising radio noise floor in the

2.4 GHz band would undermine network quality. CyberTwiga's chose to merge with the cellular
carrier, in mid-2000, including plans for a nationwide wireless network built on the existing
cellular infrastructure (towers and transmission links) and exclusive radio spectrum allocation.

Source: Adapted from Limehouse 2006, p. 230

implement rules, measures to enforce compliance with rules, and dispute resolution mecha-
nisms. It is not enough to declare bands open for commons use. License-exempt does not
mean unregulated, but the debate over which rules and regulations are needed is open and at
early stages. In some countries, the regulatory regime will require exempting some uses or
equipment from authorization. In others it will require removing unnecessary restrictions, and
setting technical standards to promote and ensure successful spectrum sharing.

Rules for access and use. Given that spectrum is a perfectly renewable and non-exhaustible
resource, the only characteristic of the spectrum that could lead to overuse and decline of a
spectrum commons is the potential for interference and abuse. Each individual user of the
spectrum has an incentive to use more and more power or bandwidth, because the user will
receive all the benefits, while bearing few of the costs.

Some rules need to be established to reduce the likelihood of interference and prevent overuse
and decline. Although users of commons spectrum have no assurance against interference from
other such users, a successful spectrum commons will not be unregulated (Ofcom 2005b).
Usage will be restricted by the spectrum authority setting technical parameters to reduce
the probability of interference and avoid congestion. Users of commons must comply with
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specified technica standards!’® and, in some cases, specialized requirements and protocols.11°
Over time, rules may need tightening (e.g., if congestion grows) or relaxing (e.g., if new spec-
trum is available).

For each modality of commons use allowed, technical parameters must be set. This applies to
both license-exempt bands and arrangements where license-exempt users coexist with individ-
ual spectrum assignments. Arguably, it is both easier and more important to define parameters
for the latter. The objective of setting up these parameters is to prevent or minimize interfer-
ence between two devices potentially using different technologies. In license-exempt bands the
parameters may need to be defined in a very general way, because less is known about the
technology being used. In bands where license-exempt and individual rights coexist, one of the
users technology is known, and therefore parameters may be easier to set up. It is also more
important to get it right, given that, although commons users will generally have no guarantees
of interference-free operation, individually authorized users do, and the spectrum authority
needs to ensure compliance.1?

Different rules, for example, on maximum power levels, may be needed for urban and rural
areas, as congestion and interference are less likely in the latter, and higher power levels may
enable innovative solutions for rural coverage. This may be especially the case in developing
countries. 12!

M echanisms to implement rules. Mechanisms are needed to make the rules work and encour-
age compliance.122 While the existence of rules does not ensure that they will be followed, the
literature cites many examples of commons that have been employed successfully for centuries
(Hardin 1991, Ostrom 1998). Analyzing which mechanisms ensure compliance can help pre-
vent overuse and abuse.

Three types of non-public regulation mechanisms have been proposed to help prevent overuse
and decline of the commons, by minimizing or eliminating deviations from the rules: socia
norms, market solutions, and system architecture (Weiser and Hatfield 2005):

» Socia norms may have a significant impact on good behavior in spectrum use. Game
theory proposes an explanation: where interaction with other spectrum usersis on areg-
ular basis, users will tend to respect collaboration and social norms that address and pre-
vent counterproductive behavior, for fear of retaliation. When distance between usersis
large, however, or identification of offendersis difficult, social norms are likely to have
minimal impact.

 Certification-type solutions could be developed as private sector initiatives. This could
be similar to limiting e-mail spam through the use of filtering programs or by black-

18E g., maximum power restrictions.

119€ g., do not transmit on a particular channel if you detect that it is aready in use.

120Having said this, efforts to protect the incumbent user from interference should be reasonable and based on
likely conditions—i.e., whileit isimportant to protect incumbents, these tend to consider worst case scenarios.
2lpower levels are otherwise limited because of the health risks caused by electromagnetic radiation.

122T ragedy-of-the-commons type concerns are not merely theoretical. Experience with the citizen’ s band (CB)
radio demonstrated how interference caused by unauthorized uses (such as power amplifiers) can undermine a
previously popular use of spectrum.
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listing Internet service providers that violate codes of practice. Spectrum equivalents are
at early stages of development, but could include software that enables different access
points to communicate with one another and choose non-conflicting frequencies or
adjust their power levels to reduce coverage overlap. Another example is an initiative to
develop a scheme for certification of service providers and users, which would in prac-
tice amount to transfer the regulatory burden toward equipment certification. Where dis-
tance and large numbers are present, or where parties are not easily identified, this
approach may not work, as bad actors are not interested in cooperating with a collective
solution.

» System architecture can be designed to embed rules of good behavior and limit interfer-
ence. Equipment certification would ensure that the equipment performs in accordance
with these rules.123 The weakness of this approach is that non-compliant equipment can
always be designed or modified to circumvent those rules, and it would be impractical
to keep such equipment out of the market.12* Moreover, limiting equipment supply to
follow pre-defined rules embedded in this manner would outright contradict one of the
original advantages of spectrum commons, namely, to promote innovation.

Measures to enforce compliance with rules. Whether government or public law and enforce-
ment need to step in to resolve interference and non-compliance problems is a matter under
debate. Some authors propose that the mechanisms described above (social norms, market
solutions, system architecture), however important, will likely not be sufficient, and public
sector intervention will also be needed (Weiser and Hatfield 2005). Others argue that, based on
the experience of managing other resources under a commons regime, the success of the man-
agement system partly depends on limited law enforcement, with responsibility depending on
users and user-managed dispute resolution systems, so as to empower them to solve eventual
problems (Buck 2002).

There is a distinction between the situation where interference arises because rules are being
violated or because of congestion—i.e., even though the defined technical rules are being fol-
lowed by users, interference still emerges. If in the former case there may be an enforcement
role for the public sector, in the latter the public sector may need to step in to change the estab-
lished rules, or allocate more spectrum to commons use.

Public intervention would involve either the courts of law to adjudicate tort actions to monitor
the use of spectrum commons, or the spectrum authority to develop reactive enforcement mea-
sures to non-compliance of established rules for commons management.?® In a technologically

12350me of these rules can be very basic, such as power limits. More sophisticated solutions could involve, for
example, designing user equipment to gain credits for good behavior, and only be able to transmit when it has a
certain number of credits available to spend (Sin 2003).

1247 related example comes from the history of amateur radio. Power amplifiers sold for licensed amateur radio
operation in the 28.0-29.7 MHz band were being used in the adjoining 27 MHz unlicensed CB band at a power
level far in excess of that authorized for CB. Equipment manufacturers responded by installing in the amplifiers a
patch that prevented them from being tuned as low as 27 MHz. On submitting proof of their license, amateurs
received afree kit to remove the patch.

125Tort is the legal term that refersto civil wrongs as distinct from criminal wrongs. Common tort actions are
negligence, nuisance, and trespass.
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Box 4.2 General Principlesfor Successful Commons Management

1. Clearly defined boundaries—Individuals or households who have the right to withdraw
resource units from the commons must be clearly defined, as must the boundaries of the
commons itself.

2. Congruence between appropriation and provision rules and local conditions—A ppropriation
rules restricting time, place, technology, or quantity of resource units are related to local
conditions and to provision rules requiring labor, material, or money.

3. Callective-choice arrangements—Most individuals affected by the operational rules can
participate in modifying the rules.

4. Monitoring—Monitors, who actively audit the commons conditions and the behavior of the
users, are accountable to the users or are users themselves.

5. Graduated sanctions—Users who violate operational rules are likely to be assessed graduated
sanctions, depending on the seriousness and context of the offense, by other users, by officials
accountable to these users, or by both.

6. Conflict resolution mechanisms—Users and their officials have rapid access to low-cost local
arenas to resolve conflicts among users or between users and officials.

7. Minimal recognition of rights to organize—The rights of usersto devise their own institutions
are not challenged by external governmental authorities.

8. For commonsthat are parts of larger systems (nested enterprises)—A ppropriation, provision,
monitoring, enforcement, conflict resolution, and governance activities are organized in
multiple layers of nested enterprises.

Source: Ostrom 1990

dynamic environment, monitoring and testing for compliance could prove a challenge, as rules
may not cover all potentially harmful behavior, and the monitoring equipment itself may not be
adapted to measure and identify more complex offending behavior (Weiser and Hatfield 2005).

Collective choice arrangements would be an aternative to public sector intervention. Princi-
ples drawn from successful commons management in other fields (see Box 4.2) could be
applied to the management of a spectrum commons (Buck 2002). These principles seek to
empower users, as opposed to public sector entities, as the main actors in ensuring well-func-
tioning of the commons. The public sector’s role could therefore be limited to co-managing the
commons with the users: “The state . . . assigns and protects group rights, enforces restric-
tions on group membership, and protects boundaries from incursions by outsiders. That is, the
state governs relationships between common property regimes, provides external legitimacy
for the group of resource users within regimes, but does not support any particular form of
governance within regimes’ (Swallow and Bromley 1994). Applied to managing a spectrum
commons, this would translate to the spectrum authority being responsible for establishing
some basic boundaries and formulating principles for membership of localized spectrum man-
agement groups. “For most spectrum uses (i.e., all those frequencies which are not capable of
long distance transmission), the local spectrum management group would be the primary
source of authority and governance” (Buck 2002). In practice, in developing countries with
weak governance, commons arrangements should be decentralized as much as possible.
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Dispute resolution mechanisms. Whether government or privately managed, formal or infor-
mal, dispute resolution mechanisms need to be in place to deal with interference issues, when
they arise. Disputes may arise between two commons users or between a commons user and a
user with individual authorization (e.g., under government administration or rights regimes).

Legal action for those who do not follow commons rules should be kept at a minimum. Man-
agement should be decentralized as much as possible and in the users domain. Setting up
mediating facilities between users could assist user communities of commons and minimize
the cost of dispute resolution. These facilities could also make available basic monitoring
equipment such as spectrum analyzers and direction finding devices. Individual users or small
operators may have limited access to monitoring equipment that could assist users in identify-
ing sources of interference and of tracing rogue operators. Legal action should be available,
however, as alast resort.

In contrast, when a commons user is causing insurmountable interference to a user with indi-
vidual authorization, the spectrum authority generally has the responsibility to ensure interfer-
ence protection for the latter. In this case, the individually authorized user should have legal
recourse. And all users, whatever the spectrum management regime they are subjected to,
should be able to appeal from any decision of the spectrum authority concerning them.

4.5 Implementation

In some respects the transition toward a commons spectrum management regime may be eas-
ier than the transition to a tradable rights approach, as it does not involve defining an initial
distribution of rights. Nevertheless, afew elements need to be in place, asimplied above.

Effectively setting up a spectrum commons approach will require:

* ldentifying bands to be allocated for commons use. The likelihood of interference in the
commons decreases as more spectrum is allocated. Also, not all bands have the same
value or propagation characteristics.126 In order to benefit from economies of scale and
standards from different parts of the world, developing countries would gain from har-
monizing the bands available for commons use.

 Vacating the identified bands and compensating existing users, if appropriate. Thisisno
different from vacating other bands, and has been discussed before (see chapter 2).

« Making any necessary changes in the regulatory and authorizations regime.'?’ Revisions
may be needed over time. Sunset clauses would facilitate further revisions later on.
Removing bands from commons use, however, would be complicated as the users that
need to be displaced are anonymous.

» Defining operating rules to ensure well-functioning of the bands and containing the risk
of interference. The authority needs to define some basic rules (e.g., power limits).

12%6Factors influencing whether harmful interference occurs include power, frequency of transmission, equipment
compliance with national or international standards, and type of use (Ofcom 2005b).

127Many countries use class licenses or general authorizations to comply with their national legisation which
may require all spectrum use to be licensed or authorized. In any case, while the effect of aclasslicenseisto
obviate the need for an individual license, a class licenseis not the same as no license at al. Class licenses can
have alicense fee, and can also be amended or revoked.
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Different rules may be needed for urban vs. rura areas, especially in developing coun-
tries, as congestion is less likely in the latter, and higher power levels may enable inno-
vative solutions for rural coverage.

» Making sure the appropriate institutions are in place to dea with interference and non-
compliance and to handle dispute resolution. Management of the commons bands in
developing countries should be decentralized as much as possible. The institutions will
need to understand the concept of a commons and be willing to relent control. This may
require capacity building. Regulators could support user groups that manage the com-
mons bands. This could be done by making available resources such astoolkits for start-
ing awireless community and providing access to mediating and monitoring equipment.
Provisions for legal recourse and appeal also need to be understood and set up.

5 Pulling It All Together: Elements of Spectrum Reform

There is ample opportunity to improve spectrum management in many developing countries. In
addition to its inherent limitations, government administration of the spectrum is often poorly
implemented. Moreover, both the tradable rights and the commons approach to spectrum man-
agement have considerable potential to increase spectrum efficiency, respond to changes in
demand and technology, reduce the regulatory burden on users and authorities, limit opportu-
nity for arbitrary intervention and corruption, and improve the investment climate.

Going forward, the right balance among approaches to spectrum management must be found
that is best suited to each particular country. Thiswill have to be determined on a case-by-case
basis. Nevertheless, some initial guidance can be derived from the features and requirements
of each approach examined in terms of the conditions typically prevailing in developing coun-
tries. This chapter provides a framework in which to think about the solutions that are best
suited for a given country, and proposes a general way to go about it.

5.1 Comparison of the Three Approaches

The three approaches to spectrum management differ considerably, particularly in terms of the
balance of rights and responsibilities between government and spectrum users, the extent to
which user incentives are aligned with broader public policy, and the constraints and risks of
implementation. Table 5.1 summarizes the main features, advantages, and limitations of each
approach. Table 5.2 summarizes the scope of application of each approach and under what
conditions they are likely to be most effective. A detailed discussion was presented in chapters
2-4 of this paper.

Five categories of building blocks are required to implement any of the three approaches to
spectrum management. These blocks deal with alocation, rules, authorization, and enforce-
ment regarding interference and fair competition. Table 5.3 summarizes the scope of each class
of building block and its main functions under each approach to spectrum management. Build-
ing blocks were discussed in chapters 2—4.
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Table5.4 Support Functions for Spectrum Management

Intensity of use

Support function  Outline ADM RGT COM
Data Detailed information on current spectrum use +HH+ +
Analysis Analytical skills, methods, and tools—engineering,

economics, legal +H+ +
Administration Administrative processes and methods to handle

routine tasks ++ + +
Monitoring & Ensuring compliance with allocations, rules, and
enforcement authorizations +++ +
International Participating in ITU and other organizations on
affairs spectrum matters ++ ++ ++

ADM  Improved administration
RGT  Tradablerights
COM Commons

The design of the building blocks depends on the initial focus and balance among approaches
chosen, and adjustments may be required along the way to reflect the changing balance. Con-
sider, for example, the different ways in which the risk of interference is managed. Under the
administration approach, harmful interference is largely handled ex ante as part of the authori-
zation process followed by monitoring and enforcing compliance with detailed technical and
operating rules. In a spectrum rights regime, the risk of interference is higher, especially when
changes of use are alowed. Addressing interference problems, when they happen, may require
assessing whether interference levels (at the geographical and frequency boundaries of the
spectrum rights) have been violated, corrective action by the parties themselves, and perhaps
formal dispute resolution. In the commons approach, minimal technical rules (e.g., maximum
power transmitted) provide some protection against interference levels building up among
commoners as a group. But interference-free operation is not assured, and users rely primarily
on technologies, protocols, and codes of conduct that themselves reduce the risk of interfer-
ence among users and handle problems when they arise.

Five support functions are required for the critical building blocks to work well. These support
functions provide data, analytical, administrative, monitoring, and international capabilities.1?
The scope and importance of each of these support functions also vary considerably among
approaches to spectrum management. Table 5.4 outlines these support functions and gives an
impression of their relative intensity of use under each approach to spectrum management. To
some extent the choices among approaches are influenced by their support requirements and
the extent to which these can be met under given country conditions. Rights and commons

128gpport functions are discussed in considerable detail in module 5 of infoDev’ s online toolkit for ICT
regulation (infoDev 2006).
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solutions tend to demand less support than administration. For example, government adminis-
tration requires a comprehensive national database of all frequencies in use, identifying indi-
vidual users and their locations as well as functions and technical characteristics of the equip-
ment used. Under the spectrum rights approach the main data requirement is limited to a
register of all rights owners, kept up to date as these rights are traded. And under the spectrum
COMMONS approach, users are anonymous.

5.2 Making the New Approaches Work in Developing Countries

It would be impractical to ask which of the three approaches to spectrum management is likely
to work best in devel oping countries as agroup. A single answer could not possibly apply to all.
Rather, a case-by-case analysis is needed for specific country responses. This reflects the diver-
sity of features and requirements of each approach. Also, developing countries comprise a het-
erogeneous group exhibiting wide variation of relevant physical and economic characteristics,
critical spectrum issues driving change, and extent to which country conditions are conducive to
effective implementation. In particular, the extent and pace at which spectrum management can
be reformed in practice will be constrained by country governance and institutional capabilities,
vested interests in the status quo, and willingness to use the necessary political capital.

Developing countries typically exhibit one or more features that are likely to influence the
design of spectrum reform strategies:

* Low income. Small markets relative to population size. Large rural and low-income urban
population. Modern sectors demanding advanced services coexist with atraditional econ-
omy. Relatively undeveloped private sector. Limited supply of skilled workers and pro-
fessionals. Most technology and equipment imported. Shortage of investment capital .129

« Small base. Incomplete infrastructure networks. Little or no service in rural areas. Few
players despite liberalization. Important market segments still closed to competition.

» Fast growth. Substantial unmet demand for communication and information services.
Rapid growth of wireless technologies by new entrants and incumbents, initialy driven
by mobile services.

» Weak governance. Limited tradition of rule of law. Weak enforcement. Ineffective or
non-existent general competition law and merger controls. Slow and ineffective public
administration. Overloaded and politicized judiciary. Government interference in regula-
tory affairs. Regulatory and policy capture by incumbents. Corruption.

» Highrisk. Regulatory uncertainty and often poor track record. Political risk and instabil-
ity.130 |_arge commercial risk rolling out new services.

» Constrained fiscal space. Spectrum and other fees are important sources of public
revenue.

129 ncome is the basis for defining development. Incomeis also highly correlated with education, occupation, and
other social and economic indicators. The World Bank classifies al countries by per capita gross national income
into high, upper-middle, lower-middle, and low income countries. The term developing country is used to refer
collectively to countriesin the last three categories.

130 ncludes risk of expropriation of assets or profits through arbitrary taxation, exchange rates, restrictions on
repatriation of profits, and other changes of the rules of the game.
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Not all these features are present in every developing country. But as we examined current
trends in spectrum management, largely originated in the developed world, we kept in mind
these potential limitations. We now look more closely and note some implications and con-
cerns that need to be taken into account when designing spectrum reform in an individual
developing country.

Relevance for Developing Countries

The spectrum management issues typically found in low- and middle-income countries can be
quite different from those that drive reforms in high-income countries. Developing countries
may have a shortage of spectrum demand rather than of supply. Small markets with potential
for fast growth, large areas without service, incomplete infrastructures, administrative restric-
tions on entry, and capital shortages all denote spectrum underutilization. Spectrum scarcity is
often confined to certain services (especially mobile) and locales (business districts of large
cities).13! Difficulty accessing spectrum, poor administration, high prices, corruption, and
insufficient protection from interference may be more pressing problems than spectrum
scarcity. Most developing countries are technology adopters rather than creators. In contrast,
widespread spectrum shortages, inflexible use restricting innovation in services and technol-
ogy, and inefficient allocation among uses, are common in high-income countries.

Does it make sense to adopt similar solutions to spectrum management in both environments?
The tentative answer is affirmative. Given the rather wide range of issues and conditions pre-
vailing in developing countries, it can be expected that elements of all three approaches will
often find their way into individual country strategies. For example, spectrum congestion in
dense urban areas coupled to extensive unserved rural areas suggest a combination of rights
and commons. Also, given the diverse ways in which the various approaches to spectrum man-
agement can improve on traditional practice, it is unlikely that any one approach would be
ruled out ex ante. For example, the tradable rights approach is a particularly effective tool to
deal with acute spectrum scarcity. Yet it could aso be the preferred solution even when spec-
trum congestion is not yet a pressing issue. In the absence of spectrum scarcity, the merit of a
tradable spectrum rights regime is not so much in terms of efficient reassignment and realloca-
tion of spectrum now but rather in removing barriers to entry, reducing the regulatory burden
on both government and spectrum users, limiting the opportunity for corruption, and establish-
ing a foundation for efficient spectrum use as it becomes scarcer in the future. Also, where
there are no acute shortages, spectrum will not command high prices and introducing a rights
regime will not lead to immediate windfall gains of existing licensees, which would facilitate
the transition. The ultimate question of how to strike a balance among solutions and move for-
ward effectively will be addressed in section 5.3 below.

Are there specific ways in which new spectrum management solutions should be adapted for
use in developing countries? Indeed, for the conditions under which they would be imple-

131For example, in India an extensive revision of spectrum policy has been driven by insufficient availability of
spectrum for expanding mobile services, while at thetimein rural areasthereislittle use of wireless technology
to overcome large service shortages.
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mented are likely to be significantly different from those underlying their design. Second-best
solutions, that would be less than optimal in more mature economies, can help overcome con-
straints on the viability or effectiveness of these approaches in developing countries. Making a
tradable rights work in the absence of a strong culture of rule of law is a matter of concern for
many analysts. We discuss this subject below to offer specific suggestions as well as an exam-
ple of how less than ideal conditions can be dealt with. Two other subjects, namely, market
limitations and fiscal impact, are briefly outlined.

Rule of Law

All three approaches to spectrum management are predicated on a strong tradition of rule of
law and public administration, ability to undertake commitments that endure from one govern-
ment to the next, and a judiciary that is impartial, immune to government and political pres-
sures, and able to make enforceable decisions (Levy and Spiller 1996). The absence of a
strong rules culture, as is the case in many developing countries, may complicate the imple-
mentation of both the tradable rights and the commons approaches. For those countries where
abiding by regulationsis not a deeply ingrained habit, introducing more flexibility may simply
introduce more chaos than currently exists. In such conditions, is any one approach to spec-
trum management better than the others? What can be done to make them work?

Whether one approach to spectrum management will eventually prove to be clearly superior is
as uncertain in developing countries as in more mature economies, but arguably any of the
three can be made to work under less than ideal conditions. For example, compared with gov-
ernment administration, the tradable rights approach is more transparent and relies less on dis-
cretionary decisions by civil servants, thus being less prone to interference and corruption. It is
also smpler and less costly to run once established, and it places less demands on scarce pro-
fessional skills. But it would perform best in the context of an effective general competition
law to which instances of anti-competitive spectrum trading could be referred once they occur,
and of merger controls that would prevent the build-up of spectrum market power.

In the absence of effective general competition law, responsibility for enforcing fair competition
in spectrum trade can be placed on sectoral regulators (telecommunications, broadcasting), the
spectrum authority, or commerce law.132 Simple ex-ante rules, such as limiting the amount of
spectrum in asingle hand, which would only be second-best in other legal environments, can be

1329pectrum competition rules, including principles as well as specific practices that are prohibited, can be
written into sector laws (telecommunications, broadcasting) and incorporated in spectrum rules and tradable
rights. Thisis similar to mitigating regulatory risk in the telecommunications sector by writing the rights and
obligations of an operator or class of operators into sector laws, licenses, and contracts (such as for the sale of a
state enterprise) (Smith and Wellenius, 1999).

133F0r example, spectrum hoarding can be prevented by setting quantitative limits to spectrum ownership, albeit
at the cost of impeding legitimate long-term investment in spectrum. In the US the former FCC spectrum cap,
while far from perfect, provided a simple screen for excessive concentration of spectrum highly suited to mobile
services (cellular, PCS). It provided some certainty for bidders in the PCS auctions about how much spectrum
they would be allowed to win.
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adopted to restrict specific anti-competitive practices.13* The incentive and opportunity for
hoarding and other anti-competitive spectrum trades can be reduced by both placing all avail-
able spectrum on the market and allowing changes of use.13°

A spectrum commons may be less dependent on the rule of law than a tradable spectrum rights
regime. Moreover, to some extent technology itself can help overcome breaches of the com-
mons rules.13 Yet also the commons will work best in a rules-based culture, just as the Inter-
net polices itself through strong expectations about user behavior. In either case, delegating
dispute resolution (e.g., on interference) to private parties may be difficult where the basic rule
of law isfragile.

Market Limitations

To the extent that spectrum scarcity in developing countries is limited to some services and
locales, the question arises as to whether a vibrant spectrum rights market can develop. Few
spectrum buyers, sellers, and offerings would result in non-performing spectrum markets. Low
spectrum prices, reflecting limited scarcity, would reduce the incentive to trade. Few transac-
tions would limit economic and technical efficiency gains. Market power in the provision of
downstream services would encourage anti-competitive spectrum trades. Whether all this more
than offsets other benefits from the spectrum rights approach, some of which may be espe-
cialy valuable in developing countries (e.g., reducing opportunity for corruption, lessening
dependence on government intervention), needs to be assessed case by case.

Achieving more competition in the downstream markets (e.g., telecommunications services,
networks) before or together with introducing a tradable spectrum rights regime would open
the way to a more effective emerging spectrum market. The demand for spectrum would rise,
the number of transactions increase, and incentives and opportunities for anti-competitive
trades decrease. Removing impediments to effective competition in the downstream marketsis
also a proven measure to improve telecommunications sector performance overall. Constraints
on growth and innovation of wireless services are especially relevant.

Fiscal Impact

Any proposal to reform how the spectrum is managed must examine its fiscal impact and
include measures to offset revenue reductions, even if temporary. Spectrum licenses and fees
are important sources of public funds used as general revenue, to finance the cost of spectrum
and sector regulation, and occasionally earmarked to finance specific socia programs (e.g.,
universal service in some Latin American countries). In the long-run spectrum reforms are

134Thijs alone may not suffice to prevent spectrum hoarding. Even if all spectrum were to be placed in the market,
the attractive portions are a small subset, at least until new technological innovation brings value to the rest.
Because of the way technology and spectrum regulation has evolved in the past, the most valuable parts of the
spectrum are rather small (e.g., those used for mobile services). Also, propagation characteristics limit what
bands are technically usable for specific purposes.

135M odern equipment has the potential to overcome violations of some rules of a spectrum commons, such as
power limits, at least in short-range applications (Rose 2005).
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likely to increase fiscal revenue, as overall business volume and efficiency grow. There may,
however, be short-term fiscal losses, which need to be addressed at the time these reforms are
designed. And the increased revenues will largely flow beyond the reach of the spectrum and
regulatory authorities that now channel and to some extent capture them. Loss of financial and
political control may be significant factorsin the political economy of spectrum reform.

Making arapid transition from administration to rights and commons by placing al spectrum
in the market in one fell swoop (Kwerel and Williams 2002) would initially provide large
windfall revenues to the government, but reduced streams in the future. Unlicensed spectrum
would clearly reduce direct revenues from a particular band, so implementation may be a hard
sell in developing countries. Some analysts are concerned that reallocating spectrum for com-
mons use would forego their contribution to defraying the costs of regulation and spectrum
management, since users would be anonymous. In practice, however, for the foreseeable future
only a small fraction of the total spectrum is likely to be allocated to commons. The bulk of
users would come under the rights regime or remain subject to government administration.
Under these two approaches, the issue is not whether regulatory costs can be recovered, but
what isafair and efficient way of doing it.

5.3 Striking the Right Balance and M oving Forward

The direction of change is clear: the responsibility for managing the radio spectrum is moving
away from the government and toward markets and users.13¢ But the end state is uncertain.
The way ahead for developing countries may well comprise trying out new ideas in a scale
large enough to obtain significant results, yet without committing exclusively to one or another
solution (Benkler 1998). The debate on spectrum reform is still far from settled. Neither rights
nor commons aone appear well-suited to manage the whole spectrum. Practical solutions are
combining all three approaches, and the boundaries among these are becoming less distinct.13’
Experience implementing new solutionsis still limited and found mostly in high-income coun-
tries. The market and technology changes that drive and shape spectrum reform show no signs
of abating. Rather than looking for the best single model, the likely path of reform will com-
bine the three approaches and find ways to adapt them to individual country conditions.

In most realistic scenarios for migrating from spectrum administration to rights and commons,
government administration will continue to play a significant, if declining, role. This recog-
nizes the existence of large vested interests and sunken costs associated with the outcomes of
each approach, and the fact that reform will be constrained by institutional capability and
country governance. Some extent of government intervention will also remain necessary, at
least for the foreseeable future, to reconcile diverse public policy objectives, deal with market
imperfections, and ensure that international obligations are respected.

136Thisis starting to follow, belatedly, the same genera direction taken from the 1980s by ownership and operation
of the information infrastructure overall: from mostly state-owned monopoliesto private-led, increasingly
competitive markets. In away, the radio spectrum isthe last frontier of telecommunications sector reform.

137For example, market tools (e.g., auctions, administrative incentive pricing) are used in the context of

traditional government administration (see chapter 2) and spectrum rights with easements resemble some of the
features of a commons (see chapter 3).
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Spectrum management reforms should be tailored to individual countries. No generally appli-
cable models can be prescribed at this time. Possibly a standard menu of issues and solutions
will emerge gradually with experience, as it did with telecommunications sector reforms from
the late 1980s.138 Below we outline three of the many options that could be considered in a
particular country.

Option 1: Do nothing. Both the rights and commons solutions are simpler and more cost-effec-
tive than government administration. Therefore, doing nothing would be a lost opportunity to
improve spectrum usage and service delivery. That is probably true even if there were no spec-
trum scarcity and no shortage of services. The pace of change will depend on the country, the
perceived problems with the current regime, and the market structure.

Option 2: Move as fast as possible. Whenever country conditions permit, it is preferable to
move quickly. The benefits from spectrum management reform are likely to be largest when an
aggressive agenda is pursued. For example, the rights approach will yield the greatest eco-
nomic efficiency gains and least risk of anti-competitive behavior if all spectrum is placed on
the market at once and at the same time restrictions on use and technology are lifted (Kwerel
and Williams 2002).

Radical solutions may be easiest to implement when spectrum management is least devel oped.
In greenfield situations, such as at the very early stages of telecommunications sector reform
and in post-conflict countries, jumping ahead to market- and technol ogy-driven solutions may
be the best route from the start. Rapid deployment is easiest when there are rather few existing
licenses that need case-by-case conversion. That was the case of Guatemala, which in 1996
established a tradable spectrum rights regime that applied immediately to all spectrum other
than that reserved for government and amateur uses. This was done at the same time as the
sole (state owned) operator was privatized and a liberal entry and competition regime was cre-
ated for the supply of networks and services. While spectrum ownership remained with the
state as required by the constitution, spectrum usage rights were issued on demand. Auctions
were used to assign the rights when demand exceeded supply. By 2002 a total of over 5,000
rights titles had been issued, of which about 20 percent had been traded and others had been
leased or used as collateral for bank loans (Ibarguen 2004). Jumping all the way ahead to
industry self-regulation has occurred de facto when operators moved into a regulatory vacuum
in post-conflict countries, such asin Somalia and Cambodia.

But the opportunity to leapfrog is often accompanied by weak governance. And it is in these
countries that we know the least about how to make structural changes work. The example of
Guatemala suggests that reliance on legislation and simple contracts, giving minimal discre-
tion to the regulators, can work well enough. A closer look may be warranted, and experience
in other countries will help understand better the relative merits of moving quickly.

138By 1995 the World Bank had a well established sector reform practice that, after being presented to the Board
of Directors, was summarized in asingle sheet of paper printed on both sides—Operationa Policy Note OP 4.50
of May, 1995. This practice had been essentially in place from the early 1990s and lasted unchanged well into the
early 2000s. Spectrum management reform, a latecomer in the global movement from governments to markets, is
nowhere near that end state.
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In this context, spectrum reformsin devel oping countries could move simultaneously along the
following broad directions:

e Carry out an audit of spectrum allocation and use, and identify priority spectrum issues
that need to be addressed
» Establish a regime of tradable spectrum rights and deploy it as fast as possible in al
spectrum segments for which it is likely to be suitable
» Gradually develop a spectrum commons, on demand
» Refocus government administration on
* gpectrum segments where rights and commons are unlikely to work well
» government functions that cannot be delegated to markets or users
 improving administrative performance
* improving dispute prevention and resolution mechanisms to deal with interference
and non-compliance
¢ monitoring
* reassessment of needs and management regimes

Option 3: Improve piecemeal at the margins. A third aternative is piecemeal change in the
desired longer-term directions. This involves seeking opportunities to put in place elements of
a new spectrum management regime by addressing specific problems following a consistent
set of principles. New solutions are likely to be tried first in situations on which there is expe-
rience elsewhere and the risks are low, or where risks are higher but payoff in terms of eco-
nomic or socia benefits is large. Priority should be given to steps with potential to trigger or
enable broader changes.13? These piecemeal changes can be designed to gradually add up to a
framework for spectrum management that is robust to market and technology changes.

This more gradual transition may be preferred in mature markets where much or all of the
spectrum has already been assigned and there is an established tradition of government admin-
istration. Where a substantial body of government administration is already in place, emphasis
can be given to simplifying and paring it down to the bare essence, improving the performance
of remaining functions, and relying increasingly on market- and technology-driven solutions to
handle growth and innovation. The Spectrum Framework Review published in the UK in 2005
foresees that by 2010 around 71 percent of the spectrum will be managed through market
mechanisms (Ofcom 2005b). A gradual transition reduces disruption and enables users as well
as the authorities to learn by doing, but limits the benefits from trading and liberalization,
enables incumbents to delay change, and may create opportunities for interference and corrup-
tion especially in the context of weak governance.

The following are examples of piecemeal steps in spectrum reform that meet several of the cri-
teriaindicated above:

* Remove restrictions on current spectrum use. Flexibility in using existing spectrum
assets, rather than access to new spectrum, may be what operators urgently need to

139 n a different context, licensing a major private-sector competitor to Morocco’ s state-owned incumbent
telecommunications operator accelerated sector devel opment well beyond the scope of the new license and
created incentives for privatizing the incumbent (Wellenius and Rossotto 1999)
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accelerate investment and introduce new services. Addressing the specific concerns of a
major current spectrum user may also usher in wider liberalization of spectrum use.

* Release spectrum held back by the authorities. All unused spectrum, including govern-
ment and military, could be made available immediately by issuing tradable spectrum
rights without restrictions on use or technology beyond those strictly necessary to com-
ply with international commitments. In addition to making better use of spectrum, this
step can put in place the foundation of a spectrum rights regime that can be extended
later to current users.

» Bring market discipline to public sector spectrum use. Where this cannot be done all at
once, a step-wise approach can be followed (see again Box 2.1). This can start with
undertaking an inventory and valuation of spectrum currently in public sector hands,
and eventually lead to public sector entities participating fully in spectrum markets.

 Introduce market tools in government administration. Use auctions to assign scarce
spectrum or place new or recovered spectrum on an emerging spectrum market. Price
some public sector uses of the spectrum as a first step toward full integration of public
and private users in a spectrum market.

» Open up bands for unlicensed use. While responding to immediate interests of manufac-
turers and local entrepreneurs, the rules created for initial unlicensed use can set the
framework for further development of a commons regime.

Several issues may need to be addressed during the transition from government administration
to aflexible regime combining administration, rights, and commons. Important questions arise
especially regarding how to handle existing spectrum users and service obligations, fiscal
impact, and windfall gains and losses. How these issues are resolved affects directly the bal-
ance among winners and losers and may be critical in managing the process of change.

For example, Box 5.1 suggests a way to set and apply interference thresholds when introduc-
ing tradable spectrum rights in a government administration environment where a significant
proportion of rights will be granted for new or recovered spectrum (as distinct from rights of
incumbent users) and the responsibility for managing interference will be placed primarily on
the users (rather than the authorities). This may be a useful approach in countries with only
moderate spectrum utilization and weak governance.140

Whatever the initial boundaries among the different approaches, implementation will need to
be monitored and revised over time. Going forward, spectrum management reform must
respond to the effectiveness of the different solution elements in promoting economic and
technical spectrum efficiency and in meeting market and community demands. It must also
respond to new opportunities brought about by technological innovation and the evolution of
the debate on spectrum management at international level.

A stable and predictable spectrum regime is, however, essential to create and maintain a favor-
able investment climate. Investors need to be convinced that the rules of the game under which
they invest can be relied upon. In particular, they need to be confident that their investments
are safe from de facto expropriation through arbitrary changes in prices, taxes, and service

140A| so see Ofcom 2006 for a careful attempt to define spectrum property rights that provide both flexibility of
use and a high level of protection against actual interference.
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Box 5.1 Setting Interference Thresholds for Moderate Spectrum Utilization under Weak
Governance—A Hypothetical Model

* New tradable rights for spectrum use would be issued with defined default interference
thresholds. These thresholds would be the maximum signal strengths that the spectrum rights
user may impose on other users outside the frequency, space, and time domains for which the
rights are granted and, in turn, that other users may impose on it.! Default interference
thresholds would be set at levels that appear to be practical for the range of technologiesin
use or foreseen.2 In-band power limits would also be set to prevent interference to receivers
in adjacent bands.

* Interference levels that exceed the default thresholds could be agreed among parties.
Interference levels would thus ultimately be set by the market. More critical than the precise
level of the default interference threshold is defining interference rights and obligations clearly
from the outset so a spectrum market can develop.

e Theinterference rights of incumbent spectrum users would be grandfathered. Incumbents
would be allowed to cause interference to other usersin excess of the default thresholds to
the extent this is authorized under the existing rights. Likewise, incumbents would be
protected from interference caused by new rights holders to the extent provided under the
existing rights.3

e Grandfathered rights would revert to new rights with default thresholds when the existing
rights are traded or otherwise modified.* Rights for which increased thresholds are negotiated
would also revert to the default threshold when traded.

e Userswould monitor levels of interference. Determining whether interference thresholds have
been exceeded would be referred to independent parties.

 All spectrum rights would include an abligation to negotiate interference management
arrangements with other spectrum users in good faith as well as rules and incentives for
negotiation.

» Unresolved disputes on interference would be referred to a dispute resolution mechanism
within prescribed time frames. Ultimate responsibility for enforcement would rest with the
spectrum authority.>

IField strength is usually defined in terms of both (a) maximum level at the boundary of the coverage area, to
protect geographically adjacent users of the same frequencies, and (b) maximum level of out-of-band emissions, to
protect users of adjacent frequencies in the same geographical area. It has been proposed that spectrum users need
not be prohibited from exceeding thresholds provided that does not infringe on other users’ rights, but would have
to bring their transmissions into line with interference thresholds when other spectrum users come within their range
(Spiller etal. 1999).

2In a sense, this means the default thresholds are not strictly technology-neutral. Different default thresholds could be
set for different bands. This approach has been used in Australia.

31t may well be that existing spectrum users exceed default thresholds since their obligations regarding interference
were designed with particular technologies and uses in mind. Incumbents may opt to exchange their existing rights for
new rights with default interference thresholds.

4Perhaps simple trading (i.e., change in ownership only) might not require reverting to the new thresholds, since pure
trading does not change the existing interference pattern.

5But the spectrum authority would not adjudicate the dispute. This reduces the risk of agency capture by entrenched
incumbents.
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obligations. Any changes in the rules of the game in response to changing circumstances must
bear in mind that investors have sunk costs associated with specific designs and uses of a given
spectrum band. Changing rules too often will endanger the investments and discourage growth
and innovation in the long run.

The ability to change spectrum use and the rules governing use will be linked to the useful life
of the particular technology involved. Policy makers should allow areasonable time for returns
on past investments to materialize before changing the rules of the game. Technology evolu-
tion will determine obsolescence of a given technology. The right time to change the rules will
probably be somewhere in between. Transparent periodic market assessments with forward
looking revisions, consultation, and notices of change would enhance investor confidence.

5.4 Institutional Consider ations

All critical building blocks and support functions outlined above (section 5.1) are needed, in
one form or another, for effective management of the radio spectrum. But there is considerable
latitude as to whether these blocks and functions should be located in the government proper,
in one or more spectrum authorities, or in the industry. Spectrum management can be under-
taken directly by government as part of a ministry or by an independent regulator operating
under alegidative mandate or policy guidelines. The spectrum can also be managed by indus-
try on a self-regulating basis or be assigned to private parties such as band managers under a
spectrum rights approach. The preferred solutions are likely to be highly country-specific. The
following are some considerations to bear in mind.

There is no economic reason why the radio spectrum should be treated differently from any
other economic asset. The long-term aim, therefore, should be for governments to get out of
the business of managing the spectrum. From this viewpoint, whenever along the way there is
a choice of institutional location of spectrum management functions, the default should be to
move them closer to the industry and users themselves. Nonetheless, it will be the govern-
ment’s responsibility to articulate and mainstream spectrum policies into telecommunications
and broadcasting reforms, decide on the right balance among approaches to spectrum manage-
ment, ensure that the needed building blocks and support functions are in place somewhere,
resolve the transition issues, and oversee progress and further changes.

In deciding on the institutional structure®! for spectrum management, the following consider-
ations are relevant (Alden 2004):

* A strong case can be made for consolidating all spectrum management functions in a
single organization. This is a powerful way to concentrate expertise, perpetuate institu-
tional memory, and provide continuity between policy, rule-making, and enforcement.
There are several options regarding placement of the spectrum organization relative to

141 ngtitutional structure refers to the ensemble of government departments or ministries and agencies that are
responsible for setting rules governing spectrum use and issuing authorizations to access the spectrum.
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government and other regulatory authorities.2*2 Having said this, ingtitutional diversity
typically is more conducive to change than a centralized system.

» Wherethe risk of regulatory capture is high (asis likely to be the case in some develop-
ing markets), it may make more sense to ensure the spectrum managers are part of a
stronger government institution, perhaps in the industry or finance department (recog-
nizing the risks associated with the latter).

e An ingtitutional mechanism is needed to balance a wide range of stakeholder interests.
These include commercial interests, some of which have a direct bearing on meeting
development objectives (e.g., universal service), as well as those of national defense,
public safety, research, and others. All must be represented in major decisions about
what to do with the country’s spectrum.13 A mechanism is also needed for parties to
appeal decisions and ensure a balance between commercial and public interests.

» Capacity building isacritical factor of success. Spectrum management solutions will be
largely ineffective if there are insufficient trained and experienced engineers, econo-
mists, lawyers, and administrative staff to handle core spectrum management tasks. In
most cases, organizational and staffing changes in existing institutions will be required
to shift emphasis from technical matters to economics and markets. Human resources
must be supported by technical facilities, such as information technology for analytical
and administrative functions and equipment to monitor spectrum use. Investment in
equipment, however, should be modest and consistent with functional priorities.

» Transparency and due process are of the essence. Spectrum management should be car-
ried out in plain view, with inputs from all stakeholders and the public at large. The
spectrum authority should be governed by requirements to publish its work in draft and
final form, and to solicit comments from concerned parties before its policies and plans
are finalized.1#

Whatever the approach to spectrum management, the institutional structure must reconcile the
interests of alarge number of stakeholders, allow for appealing to decisions on how the spec-
trum is used, and maintaining a balance between public and commercial uses of the spectrum.
Consultation with stakeholders is essential in virtually every aspect of spectrum management,

142|n Mexico, for example, all spectrum management responsibilities are vested in Comision Federal de
Telecomunicaciones (COFETEL ), the telecommunications regulatory authority, which reports to the Ministry of
Communication and Transport. The Office of Communications (Ofcom) in the UK is the independent regulator
and competition authority for the UK communications industries, with responsibilities across television, radio,
telecommunications, and wirel ess communications services. Ofcom was created from the previously separate
telecommunications regulatory authority (OFTEL ), the Radiocommunications Agency, the Radio Authority, the
Broadcasting Standards Commission, and the Independent Television Commission. It is accountable to
Parliament through various Parliamentary Committees and the National Audit Office.

143|n Morocco, for example, spectrum planning and allocation is directed by an administrative council drawn
from several ministries, including finance and defense.

144For example, Singapore's Infocomm Development Agency (IDA), as ageneral practice, holds public
consultations in its deliberations of major policy issues or regulatory documents. In 2003 it released a
consultation document on third-generation mobile virtual network operators, akey issue for upcoming 3G mobile
service rollout. Inissuing an invitation for comments, IDA noted that it intended to publish all comments on its
web site.
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including development of legislation and regulations, spectrum policies, and technical stan-
dards. While it is not always practical to consult individual spectrum users, often extensive
consultations can take place with associations or bodies representing groups of users. In order
to facilitate consultation on important issues, the spectrum authority should make its proposals
public. Sometimes severa options may be presented, inviting comment on them. Comments
may be published so interested parties can respond to these as well. Increasingly the Internet is
used for dissemination of proposals and comments. Deadlines should be set to receive com-
ments. In all consultations, transparency and fairness are paramount.14°

Measures to mitigate regulatory risk in general can help the spectrum authority discharge its
responsibilities effectively (Smith and Wellenius 1999):

» Reduce the need for agency decisions. Delegate spectrum management responsibilities
to the industry as far as possible. Focus own efforts on major users. Rely increasingly on
general competition law and enforcement as it becomes established.

» Enhance agency credibility. Adopt transparent processes that add credibility, legitimizes
decisions, and helps keep vested interests at bay. Use public consultation to draw on stake-
holder knowledge and educate paliticians and the public. Commit to widely accepted prin-
ciples and practices through international agreements, including the ITU and WTO.

» Use resources effectively. Outsource al functions that can be carried out by other enti-
ties, including user associations and private companies. Adopt alternative dispute resolu-
tion mechanisms to remove the agency from the process while retaining its ultimate
responsibility for enforcement.

5.5 Managing the Transition: How to Go About It

Going forward, it will be necessary to find the right balance that is best suited to each particular
country. Ultimately, this will have to be done on a case-by-case basis. Table 5.5 proposes a
framework for developing a country’s spectrum strategy in four phases. identify possible areas
of improvement, develop strategic options, set up a consultation process, and implement prior-
ity actions. Preparing an inventory of existing spectrum assignments and use may be necessary
at the start, as is identification of priority spectrum problems that need to be addressed (upper
left hand corner of the table). The different activities proposed can involve substantial work, and
therefore it may be advisable to stagger the components of reform along time. For example, at
the end of phase | (identify possible areas for improvement) or at the beginning of phase Il
(develop strategic options), countries could choose to focus on some clusters of work (improv-
ing use of public sector spectrum) and defer others (assessing the scope for tradable rights)146 to
alater stage.

145For further discussion of consultation and other established good practices of spectrum management, see the
modules on authorization and on spectrum management in the online toolkit for ICT regulation developed by
infoDev and the ITU.

148For example, table 3.2 provides a framework for assessing the potential of tradable spectrum rights by
examining each category of spectrum use (e.g., fixed links, terrestrial broadcasting, public mobile radio) in terms
of existing rights and likely transaction costs, international commitments, risk of market failures, and conflicts
with public policy. This activity would be under phase 11 (develop strategic options) and cluster V (use of
tradable spectrum rights).
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Any changes to the current spectrum management regimes should be accompanied by consul-
tation. Thiswill allow the different stakeholders to express their views, help preclude unantici-
pated consequences of the reforms, and promote a participatory reform program. Periodic
reviews of the reform process are advisable.

5.6 High Visibility Challenges

This paper has discussed the administration, rights, and commons approaches to managing the
radio spectrum, and has proposed el ements of spectrum reform. While the discussion has cen-
tered on an overall reform agenda and on exploring options for sound management, govern-
ments and spectrum authorities are faced with specific challenges commanding high visibility.
Examples are broadcasting and the transition to digital television, mobile telephony and the
path to 3G, launching WiMax and related technologies, and releasing military spectrum.
Annex | outlines these themes and the issues they raise.

High-visibility themes such as these sometimes not only raise issues that can be addressed in
the context of spectrum reforms, but also may trigger such reforms. For example, the advent of
3G, WiFi, or digital TV can precipitate the debate on spectrum allocation, flexibility of use,
the merits of license-exempt bands, and other topics that are at the core of each approach to
spectrum management.

But a first examination of these big themes suggests that they are driven primarily by narrow
yet influential interests of relatively small segments of the economy. Some of the issues result
from the spectrum regime itself rather than from global technology and markets changes. And
the outcomes are decided primarily in political rather than technical or economic terms. Thus,
while big themes involving the spectrum should be properly informed by technical and eco-
nomic anaysis from a spectrum viewpoint, and the outcomes can have major implications on
spectrum management, spectrum users, and the public at large, the big themes themselves are
of limited interest for figuring out how a country should go about managing the spectrum.

6 Conclusion

Moving spectrum management closer to markets and users is long overdue. Spectrum manage-
ment is, in a sense, the last frontier of the telecommunications sector reforms that the World
Bank and other development organizations have been promoting and supporting for two
decades. Whereas state monopolies have by now largely given way to private-led, increasingly
competitive market structures, the spectrum, a key resource, remains firmly in the hands of
governments. Well-managed spectrum has become critical for developing mobile services,
broadcasting, and broadband access. Incumbents and new entrants increasingly resort to wire-
less technologies to modernize and expand their facilities. Only tinkering at the margin with
existing spectrum management practice is no longer sufficient.

63



There is ample opportunity to improve spectrum management in developing countries. Initially
this can be done by adapting practices being proposed and tried in mature markets. In turn, as
spectrum reforms take hold, the developing world is likely to become itself a major source of
replicable experiences. Examining various approaches to better spectrum management has
shed considerable light on their merits and limitations and on how they can be applied in
developing countries. But this provides only preliminary and often inconclusive answers to the
questions raised in our first paper and cited at the start of this one. We offer these answers
more as working hypotheses than conclusions.

The next step should be to validate the findings of this paper through actual field work in indi-
vidual countries. In researching and writing this paper, we benefited from review and comment
by many professionals from industry, academia, government, and the World Bank Group.
Their views have largely been reflected in this final version. We submit that this is the right
time to stop writing and start trying out the ideas in practice. The returns from additional ana-
lytical work would be higher once supported by feedback from the field.

Opportunities to take these ideas to the field may be developed in the context of World Bank
operations in the information and communication sector. The Bank has been involved for
many years in spectrum management, but has limited its support to incremental improvement
of traditional government administration. This paper provides a framework in which Bank
staff and clients can cast their nets more widely.

As practitioners seek to apply these ideas in specific country situations, they will face a num-
ber of challenges that have been outlined in this paper. High in the list are likely to be prevent-
ing anti-competitive accumulation of spectrum by dominant players, reconciling devel opment
and fiscal objectives of spectrum pricing, and managing the transition from spectrum adminis-
tration to markets. Practitioners will also find opportunities to advance the spectrum reform
agenda by linking it to mainstream policy objectives. In particular, good spectrum manage-
ment is a key factor of extending information and communication to the least favored groups
of society, now a government priority in many countries. Much remains to be learned on how
to deal with these and other issues of spectrum reform.
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Annex | Examplesof Applications Under Debate

This Annex discusses four issues currently under debate, and how they may be tackled: broad-
casting and the transition to digital television, mobile telephony and the path to 3G, launching
WiMax and related technologies, and releasing military spectrum.

1 Broadcasting and the Transition to Digital TV

Spectrum allocated for television and radio broadcasting is generally in short supply.
Many countries are in the process of introducing digital television and phasing out analog
transmissions.!#” In addition to enabling the provision of a range of new information services
and improving quality, digital broadcasting technology is also more spectrally efficient. For
example, six or more digital TV services can be transmitted in the spectrum used by one
equivalent analog service. The shift to digital television broadcasting is expected to free sub-
stantial spectrum,#® and there is high demand for this spectrum by existing and potential new
broadcasters, as well as by alternative public and commercial users. Examples include public
safety networks, public mobile phone and data (e.g., cellular), public access mobile radio, pri-
vate mobile radio, and unlicensed uses.

This is the conventional wisdom. But some analysts note that alternatives to broadcast TV,
such as cable and Internet television, do not require dedicated spectrum but only bandwidth,
however provided.1#? In this context, the main effects of government-mandated migration from
analog to digital broadcast TV are to rekindle stagnant markets for TV sets, which benefits a
narrow segment of the manufacturing industry, and to generate windfall government receipts
from spectrum sales. The spectrum being vacated, it is argued, is primarily used for more TV
channels, not for any compelling new services. It could be posited, further, that the move to
digital broadcast TV constrains investment in higher capacity, higher-quality distribution net-
works (fiber, broadband wireless, broadband on power lines) that can convey more complex
services. Lastly, the mandatory move to digital broadcast TV imposes large costs on con-
sumers and content providers, who are forced to adopt the technology that supports digital
reception and production in advance of its take-up by the market. This cost falls disproportion-
ately on the lower-income population groups.

4"Malaysiais expected to begin digital television trialsin 2006, extend service nationwide starting in 2007 or
2008, and end al on-the-air analog transmissions by 2015. In the Czech Republic, experimental digital
broadcasting began in 2000, major channels were launched in 2005, and shut-down of analog transmittersis
planned by 2012. Recent legislation in the US has postponed mandatory cut-off for several years, while Canada
has |eft the pace of winding down analog television largely to the market.

148For example, ending analog television broadcasting in the UK is expected to release about 112 MHz of
spectrum (Ofcom 2005b). The shift to digital television is also driven by government expectations of large
windfall fiscal revenues from auctioning vacated spectrum and by manufacturers’ expectation of renewed
demand in the stagnant market for television receivers.

149Thisis happening in developing as well as developed countries. India has a higher penetration of cable
television than the UK.
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Issues for policy makers and spectrum authorities on the transition to digital television include
the following:

* What are the triggers for changing from analog to digital TV, and are these likely to be
present in developing countries?

« Should the transition be led by the regulator or by the current spectrum users
(broadcasters)?

* What are the current spectrum users' incentives to vacate spectrum under the existing
administration regime?

« What are the transition’s consequences to broadcasters and end users that have analog
equipment? Should they receive compensation?

* What happens to the spectrum released through the transition process? Should the cur-
rent licensees be allowed to keep it? Or should it be reallocated to different uses? Which
uses? What is the best way to reassign it among users (administration, market)?

» Should part or all of the spectrum be allocated to unlicensed use? Should the process be
any different in developing vs. developed countries?

» How much spectrum could be freed, and for what other purposes could it best be used?

2 Mobile Telephony and the Path to 3G

The use of mobile technologies have in the last decade been extremely effective in providing
connectivity and promoting rapid deployment of telecommunications services worldwide, in
particular in developing countries. As technology evolves toward larger bandwidth applica-
tions and faster devices, 2.5G and 3G networks are being rolled out around the world.150
Among the different spectrum uses, mobile service bands are particularly sought after, and it is
a challenge to find available spectrum to develop these services. This partly explains the high
values paid in some countries for 3G licenses.

The initial attribution of 3G spectrum goes beyond the challenge of finding suitable bands for
this service, and also touches on industria policy issues. The expansion of 2G networks was
greatly facilitated by the adoption and explicit attribution of bands to the use of the GSM stan-
dard in Europe. On the other hand, it also locked in spectrum usage to a specific technology,
from which equipment suppliers have benefited significantly. There is currently a multiplicity
of 3G standards in use: WCDMA/UMTS has been driven mostly by Europe, and equipment is
developed to allow for coexistence fully compatible with GSM, and is the natural evolution
path for many countries in Europe, Australia, Africa, the Middle East, and Asia; CDMA2000
has a strong market position in the US, Korea, and Japan, being the natural evolution from
2G CDMA networks, although GSM has been gaining ground in some of these markets;
TD-SCDMA has been developed and is being promoted by China.

1503G is the name normally given to third-generation wireless technol ogies which allow wireless operators to
provide data capabilities and Internet protocol interfaces. 2.5G refers to technologies such as GPRS, which offer
speeds between 2nd generation and 3rd generation technologies.
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The introduction of 3G also makes it necessary to clarify the transition arrangements for spec-
trum migrating from 2G to 3G services. The transition from 2G to 3G is likely to be gradual,
and 2G will (possibly) continue to be used for lower bandwidth services such as voice.'>! Both
generations will coexist until a significant number of mobile customers consider migrating to
the new generation of services, and until the current license holders (interested in offering next
generation mobile) devel op strategies to evolve their networksto 3G.

In addition, the debate over 2G vs. 3G and the transition may be misleading. From a users
standpoint what matters most is service, and there is an overlap in terms of the services that
can be offered over 2G compared with 3G technology platforms. A flexible, glide-path
approach might be the best strategy.

Issues for policy makers and spectrum authorities include the following:

» Should a specific 3G technology be explicitly mandated, or the choice be left to the
market? Letting the market decide avoids second-guessing technological and business
trends and business strategies, and protects against pressures from the large vested inter-
ests involved in these decisions. Considerations that may warrant regulator intervention
include concerns about industrial policy and economies of scale that would favor a coor-
dinated approach (i.e., technology choice), and the high transaction and coordination
costs that may warrant afacilitation role to enable the transition.

» How to reconcile the prospect of using spectrum trading and liberalization with the need
for standardization and harmonization across countries to ensure sufficiently widespread
equipment availability for new bands?

» Some governments have made large profits out of auctioning rationed 3G spectrum, yet
today some of these operators have had to write off these assets. How to reconcile the
efficiency benefits of auctioning off spectrum, government and treasury interests, and
the industry interests? What are the consequences for the consumer?

» Does the regulator need to decide whether a specific market is ripe for 3G (i.e., the
moment at which 3G should be introduced)?

» Should 2G license holders be alowed to reuse their current spectrum and refarm it to
support next generation services,152 or should operators have to return their spectrum at
expiry period for reallocation? How should the regulator deal with windfall gains?

 Should the process be any different in devel oping and developed countries?

1513G is spectrally more efficient, even for voice. The main reason to use 2G for voiceis that it remains more
economical to roll out 2G networks and therefore 3G islikely to be limited for examplein rural areas.’>2Thisisa
question primarily on the extent to which the regulator should be allowed to interfere in the market. 3G services
can be provided using the 450 MHz band, and so they are, for example, in Russiaand Romania. Users are
interested in service, not the particular technology or band over which they are provided.
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3 Launching WiM ax

A set of emerging wireless technologies is poised to greatly increase the range of high-speed
wireless broadband. WiMax and similar standards would enable the provision of broadband
wireless access with data speeds of up to 40 Mb/s over distances of 10Km or greater using rel-
atively inexpensive equipment. These same technologies could also offer faster data transfers
to mobile devices than is possible over current third-generation mobile networks under certain
conditions. There are several similar proprietary and non-proprietary solutions, and current
developments concentrate in three bands: 2.5, 3.5 and 5.8 GHz. Depending on the specific
standard being deployed, these technologies have the ability to dynamically manage and avoid
interference (within certain limits) and can therefore be suitable for license-exempt use. Thisis
particularly the case when the density of usersislow, as interference in those circumstancesis
unlikely or more easily avoided. Currently, although specific regulation does differ per coun-
try, only the 5.8 GHz band is allocated for license-free use.

License-free bands are particularly attractive for bottom-up approaches and smaller users such
as local communities, NGOs, and university campuses, as barriers to entry are low (no license
and limited or no fees). Larger telecommunication operators have in some countries been
opposed to the deployment of WiMax-like networks in the past, especially given the potential
for competition with the 3G networks. But now they are increasingly embarking on the
deployment of WiMax solutions themselves.

Larger telecommunication operators are interested in using licensed WiMax bands. The rea-
sons may be two-fold: to protect their large-scale investment from interference, and to avoid
unrestricted competition with their core business and 3G (especialy given the large sums paid
for these licenses in some countries). As a consequence, equipment manufacturers are devel op-
ing WiMax equipment for licensed bands (2.5 and 3.5MHz bands) as a priority.

Issues for the regulator include:

» Should WiMax-like bands be licensed or license-free?

» Can simultaneous licensed and license-free WiMax bands distort the market—i.e., can
the existence of licensed WiMax-like bands prevent the success of license-free bands
because equipment is more expensive (and may therefore not be available)?

« What are the anti-competitive implications of having license-free spectrum coexist with
licensed (and potentially expensive) 3G bands?

* How can interference in license-free bands be minimized?

« How should the licensed WiMax-like bands be assigned (by the regulator, by auction,
left to the market)? Should the process be any different in developing and developed
countries?
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4 Releasing Military Spectrum

In many countries, the military isthe largest user of the radio spectrum.1>3 Radio provides sup-
port for strategic planning, operations, and a large variety of applications, mostly mobile. Mili-
tary spectrum is usually managed separately from other government spectrum and civil spec-
trum. Reallocation of spectrum reserved for military use is underway in several countries, and
some of it has been transferred to or shared with civil use.’> In the context of accession to the
EU, central and eastern European countries are reallocating military spectrum to conform with
harmonized EU allocations for commercial use. Likewise, countries formerly organized under
the Warsaw Pact are adjusting spectrum allocations to meet NATO norms,15°

While the spectrum rights approach may not be practical as the primary tool to apportion spec-
trum between military (and other government) uses and civilian uses, it can play an important
role in promoting more efficient use of spectrum.156 Spectrum trading could provide an
incentive for the military to use the spectrum efficiently and release underutilized frequencies.
A wide range of commercial applications could move into these bands and are likely to be
interested in acquiring the rights of use. Reserved spectrum that is not used on a regular basis
(e.g., during peace) could be leased for commercial uses, with the military retaining the right
to regain immediate possession in case of emergencies (e.g., outbreak of war). While this
clause may diminish the value of the spectrum for commercial users, given the limited occur-
rence of such emergencies it may nonetheless elicit considerable interest. Trading spectrum
would provide the greatest incentive if the proceedings of these transactions would accrue to
the military itself (Analysysetal. 2004).157

Issues for policy makers and spectrum authorities include the following:

 Should military spectrum be managed separately from other government and from civil
spectrum? What institutional arrangements are needed to resolve conflicts over spec-
trum use rights between the military and other users of the spectrum?

» What could be the triggers for reallocating spectrum reserved for military use?

» How can market tools be used to enhance efficiency in the use of military spectrum and
prevent spectrum hoarding by military authorities?

» Isseasonal use of spectrum (e.g., in peace vs. war times) a possible option? What could
be the major associated concerns?

» Would usage fees for the military be practicable?

153F0r example, the UK Ministry of Defence holds about 28 percent of all assigned spectrum, including 48
percent of spectrum in the range 3—10 GHz as well as numerous frequencies in other parts of the spectrum. Other
European countries have even larger shares of spectrum allocated to the military (Ofcom 2005b).

1540ver the last decade, about 250 MHz of military spectrum in the UK has become available for civil usein the
particularly valuable range below 3 GHz (Ofcom 2005b).

155F0llowing the end of the Warsaw Pact in 1991 Hungary, the Czech Republic, and Poland joined NATO in
1999, seven more joined in 2004, and several others have expressed interest in joining.

156The CIS countries are adopting spectrum usage fees that apply to private licensees as well asto governmental
agencies. Theideaisto promote more efficient use, and in the case of government agencies, to encourage
returning unneeded spectrum. The adoption of new technologies, some developed specifically for military use,
can result in significant spectrum efficiency gains. (Source: Robert Horvitz, communication to the authors, 2006.)
I57Alternatively, administrative incentive pricing of the public sector use of the spectrum, including the military,
would create an incentive for the military to return spectrum for reallocation among civilian uses through trading.
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