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1.1

1.2

INTRODUCTION

Purpose of the Study

This report has been prepared by Aegis Systems Ltd and Indepen Consulting Ltd on
behalf of the Independent Spectrum Review, to assist in its work on principles for
spectrum management, approaches to promoting efficient use of spectrum and the
application of market based spectrum management tools such as spectrum
valuation, trading and pricing. The report addresses two specific areas that are
likely to have a significant bearing on the implementation of market based spectrum
management in the UK, namely the international regulatory framework and the
interference management framework.

We were asked to advise on the impact of the international regulatory framework
and constraints caused by the need for interference management on:

e The application of opportunity cost and other economic principles
e The use of spectrum trading and auctions
e The use of overlay licences!

e Achieving greater autonomy in domestic spectrum policy, including the
implementation of a more general (service independent) licensing regime.

We were also asked to advise on the ways in which technology developments may
promote market based spectrum management, how the international framework
might be changed to facilitate greater use of market mechanisms and how e-
commerce and e-government could be used to assist in the application of market
mechanisms.

Current situation

The UK has in recent years made significant progress towards introducing market
based mechanisms for spectrum management. The 1998 Wireless Telegraphy Act
represented the first major overhaul of the licensing and pricing of radio spectrum
for almost 50 years, and made specific provision for auctions of wireless telegraphy
licences and the application of administrative pricing to existing licence holders.
Subsequent to the passing of this legislation, auctions have been held for third
generation (3G) mobile and fixed wireless access (FWA) services and further similar
auctions are planned.

The Radiocommunications Agency (RA) consulted on options for spectrum trading
in 19982 and, following the positive response to this consultation, the Government

Overlay licences are licences that are encumbered by “sitting tenants” with defined rights for both the
newly licensed users and incumbents.

Managing the Spectrum through the Market, Radiocommunications Agency 1998.
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1.3

has indicated that it will introduce trading once the relevant EC law has been
amended to allow it3. The details of the trading regime to be employed have still to
be worked out. Possible approaches are likely to draw on experience from those
few countries that have implemented such policies, including Australia, New
Zealand and the US.

Scenario analysis undertaken for the RA has suggested that convergence of
technologies for delivering information, communication and entertainment services
will need a more flexible approach to spectrum management, including the use of
more flexible allocation and licensing policies. It will also lead to more demand for
spectrum for short range mobile and/or untethered applications4. Administrations in
North America in particular have started implementing more flexible allocation and
licensing policies in recognition of these developments.

The introduction of market approaches to spectrum management has been slower
in Europe as compared with elsewhere in the Western world. Rather the main focus
of spectrum policy has been on achieving fair and transparent licensing procedures
and harmonised spectrum allocations. Harmonisation is intended to promote the
development of pan-European services and provide a market that is large enough to
support the development of new services and equipment. Nevertheless, eight of the
thirteen EU countries that have licensed 3G mobile services to date used auctions?,
and three of these have also used auctions to license fixed wireless access (FWA)
services®.

It is often argued that the close proximity of European countries to each other and
harmonisation objectives constrain the extent to which the UK and other European
countries may adopt the kinds of policies seen in North America and Australasia.
Furthermore, the maturity of the European markets, together with the intensity of
spectrum use within Europe, particularly in the lower bands, may make it a more
complex task to introduce market mechanisms. Aspects of these arguments are
explored in this report.

Report Structure

The report includes a substantial level of detail in a number of areas. Each area is

likely to be of particular interest to a different readership. Reflecting this, the report
has been structured in two parts. The first part is aimed at all readers, summarising
the findings of the study and our conclusions. The second part comprises annexes
giving detailed information that supports the findings, but which is likely to be of

A New Future for Communications, DTI and DCMS, December 2000, Cm 5010

Mapping the Future.. Convergence and Spectrum Management, Nervewire, Indepen and Intercai
Mondiale for the UK Radiocommunications Agency, May 2000.

Austria, Belgium, Denmark, Germany, Greece, Italy, the Netherlands and the UK

Austria, Greece and the UK
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interest to specific readers. The report cross references the annexes as
appropriate.

Use of market mechanisms in spectrum management is not a new idea, indeed a
number of countries have considerable experience in the area. The lessons that
can be learned from these countries are discussed in section 2. Section 3 considers
specific European regulatory issues that may constrain the RA’s activities.

Technical constraints and opportunities are then examined in section 4 and our
conclusions are presented in section 5.

In many cases it is not possible to draw hard and fast conclusions that apply across
the radio spectrum. Rather what is possible for some services and frequency bands
may not be possible for others. We have therefore illustrated our arguments with
findings from the analysis of five case studies, namely:

i. Migration of existing GSM bands to IMT-2000

ii. Co-existence of IMT-2000 (3G mobile) and non-mobile services around
2.6 GHz

iii. Migration of analogue TV spectrum to non-broadcast services

iv. Implementation of broadband multimedia wireless systems at 28 GHz and
40 GHz

v. Co-existence between public and private systems in deregulated bands
(2.4 GHz and 5 GHz)

The annexes are structured as follows:

e The international regulatory framework for spectrum management is described
in Annexes A and F

e International experience with market approaches to spectrum management is
reviewed in Annex B

e The ways in which technical factors, and in particular interference management
considerations, may constrain the use of market approaches to spectrum
management are discussed in Annex C.

e Details of the case studies are given in Annex D.

e |ssues associated with the application of e-commerce to support market
approaches are explored in Annex E.

e A table summarising constraints and market implications relating to the case
studies is attached as Annex G.

e Aglossary is provided as Annex H.

1320/AE/SMM/R/3
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LESSONS FROM OVERSEAS

Market mechanisms have already been successfully introduced in a number of

countries, and as part of the study the experience of Australia, Canada, New

Zealand and the USA, was examined in detail (see Annex B). A number of lessons

can be learnt, though it should be borne in mind that none of these countries are

subject to the regional layer of regulatory constraints that arise from the UK’s

membership of CEPT and the EU. Hence compliance with ITU regulations and (in

the case of Canada and the US) bilateral agreements are sufficient. In summary,

we conclude that:

i)

ii)

Secondary markets can be introduced within the bounds of international
constraints and with a relatively flexible approach to services and
technologies. However, the benefits from having these different forms of
flexibility are likely to be less in geographically small countries, with a high
population density and many close neighbours, as compared with countries
that are large, have a low population density and have no nearby
neighbours. This is because the former countries may sacrifice a
considerable proportion of their overall national spectrum resource when
their spectrum use differs from that of their neighbours, particularly at lower
frequencies where the reach is greater. In the case of Canada and the US,
co-ordination for mobile services extends to 150 km from the border, a
distance which encompasses almost a third of the Canadian population.
Hence the constraints arising from the need to co-ordinate are likely to be
somewhat greater in Canada than in the US, where a relatively small
proportion of the total population resides in the border area. Nevertheless,
differences in spectrum use do exist between the two countries (see section
B.2.1), implying that a degree of flexibility can be accommodated even in
populated border areas, subject to co-operation between the neighbouring
administrations.

Overlay licences have been tendered successfully. These licences
generally involve incumbents having time limited rights to stay of up to 5
years. The new entrant has the right to move the incumbent without
compensation once the time limit has expired.

Interference management obligations are delegated to licensees where
secondary markets have been implemented. The NRA may set the initial
values for interference parameters (NZ, Australia, US) or they may be set
by industry with NRA oversight (Canada). These parameters may be
subsequently changed through negotiation (Canada, NZ) or in the case of
Australia with the approval of the NRA. The NRA may specify a process for
dispute resolution that requires the parties to seek arbitration in the event of
no agreement. The NRA may be the arbitrator.

Provision of a publicly available on-line database(s) of information on
licensees and their spectrum use is essential for the efficient functioning of

1320/AE/SMM/R/3
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secondary markets. Such databases have been implemented in NZ and
Australia and in more limited form in the US and Canada.

All of the countries under review must comply with the ITU Radio Regulations.
However, these regulations allow a considerable degree of flexibility, allowing NRAs
to make their own decisions regarding actual spectrum use, subject to remaining
within the overall framework provided by the Radio Regulations. This flexibility is
not currently exploited within the UK as fully as might in theory be possible. The
flexibility achieved in Canada and the US is within the constraints posed by the need
for bi-lateral co-ordination. The fact that Canada tends to follow the US in its
spectrum use makes this co-ordination easier to achieve than would otherwise be
the case (there are of course also fewer parties involved than in the UK/ European
case). Nevertheless differences in use do occur. In these circumstances each NRA
must make a trade-off between the spectrum efficiency and equipment
cost/availability advantages of harmonisation and the economic and social
advantages of supplying non-harmonised services that are more highly valued in its
own country than in the neighbour.

The UK will also have to make these trade-offs when deciding the degree of
flexibility to be offered to licensees. The spectrum efficiency cost tends to be lower
the higher the frequency range in question. The economic costs however depend
more on the distribution of population near borders and coastlines.

Experience elsewhere in the world therefore tends to suggest that market
mechanisms can indeed be a valuable tool in developing a dynamic market
exploiting radio frequencies. However, whilst all nations are subject to the guidance
of the ITU, European nations are subject to a further level of regulation that may
affect this conclusion. The impact of European regulation is considered in the next
section.

3 EUROPEAN REGULATORY ISSUES

Members of the European Union are subject to the mandatory regulation of the
European Commission, and to the optional regulation of the CEPT7. This secondary
layer of regulation both offers opportunities and imposes constraints on Member
States. The ramifications of the legislation are discussed in Annex A, whilst a
detailed examination of the key instruments is provided in Annex F. This section
summarises some of the key opportunities and constraints arising from current and
proposed EU legislation.

7 Although the requirements of CEPT / ERC Decisions become mandatory once Decisions are adopted by

Member States, such adoption itself is voluntary
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3.141

It refers to the following instruments:

e The proposed Framework Directive (EC document 10420/1/01, rev.18)

e The proposed Authorisation Directive ( EC Document 10419/1/01, rev. 19)
e The Competition Directive (as amended) (96/19/EC)

e The proposed Radio Spectrum Policy Decision (EC Document
COM/2000/0407)

e The R&TTE Directive (1999/5/EC)

Service specific Directives and Decisions also apply (for example the GSM Directive
(87/372/EEC), the DECT Directive (91/287/EEC) Satellite PCS Decision
(710/97/EC) (amended 1215/2000/EC) and the UMTS Decision (128/1999/EC)).

Technology standards

Technology to be used within Europe must adhere to the “essential requirements” of
the R&TTE Directive, namely that equipment must meet:

“(a) the protection of the health and the safety of the user and any other
person, including the objectives with respect to safety requirements contained
in Directive 73/23/EEC, but with no voltage limit applying;

(b) the protection requirements with respect to electromagnetic compatibility
contained in Directive 89/336/EEC.

In addition, radio equipment shall be so constructed that it effectively uses the
spectrum allocated to terrestrial/space radio communication and orbital
resources so as to avoid harmful interference.”

The primary drivers for this Directive were
e Free circulation in furtherance of the single market

e Deregulation, by putting the onus on manufacturers and suppliers to conform,
and provisions for liability if they cause problems

Member States may make limitations through their published interface requirements
which link conditions to specific licences or exemptions.

A variety of ETSI standards have been developed that provide blueprints for such
technology for services such as IMT-2000 (UMTS), DECT and of course GSM.

Common Position adopted by the Council on 17 September 2001 with a view to the adoption of a
Directive of the European Parliament and of the Council on a common regulatory framework for
electronic communications networks and services (Framework Directive), available on the web at
http://europa.eu.int/information_society/topics/telecoms/regulatory/new_rf/fwork _compos_10420-
Olrevlen.pdf

Common Position adopted by the Council on 17 September 2001 with a view to the adoption of a
Directive of the European Parliament and of the Council on the authorisation of electronic
communications networks and services (Authorisation Directive), available on the web at
http://europa.eu.int/information_society/topics/telecoms/regulatory/new_rf/authn _compos_10419-
Olrevlen.pdf
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Whilst the Commission seeks to encourage adherence to ETSI standards where
available, both the R&TTE Directive and the WTO rules indicate that Member states
cannot specify that a single technology be used at a given frequency, unless it is
possible to demonstrate that use of multiple technologies will cause harmful
interference. “Harmful interference” is not however quantified, but is defined
qualitatively in the R&TTE Directive as being interference which:

"endangers the functioning of a radionavigation service or of other safety
services or which otherwise seriously degrades, obstructs or repeatedly
interrupts a radiocommunications service operating in accordance with the
applicable Community or national regulations.”

On the one hand, the constraint on the European Union not to mandate a single
standard for a given technology runs the risk that incompatibility between systems
will arise, thereby hindering the development of a truly pan-European market for
services and equipment. In practice, the development of multi-mode terminals
(such as already exist in the US to provide roaming between digital and analogue
cellular services) may largely overcome the difficulties arising from a multiple
standard environment. Conversely however, the flexibility of the ‘essential
requirements’ approach may enable innovative and “polite” technologies to be
introduced to minimise any interference issues that might present a barrier to
change of spectrum use. Such technologies have, for example, enabled the
successful introduction of wireless LAN and FWA systems in the 2.4 GHz band,
along with a variety of other specialised applications, despite the presence of other
users such as outside broadcast systems and microwave ovens that would have
made parts of the band unusable for conventional technologies.

Spectrum harmonisation

Spectrum harmonisation within the European Community is underpinned by
regulations and recommendations arising from three main bodies: ITU-R, CEPT and
EU. Within the EU the issue is addressed in service specific Directives and
Decisions (addressing areas such as GSM, S-PCS, UMTS and ERMES) and within
the proposed Framework Directive and Spectrum Policy Decision.

As with technology detailed above, European legislation offers both opportunities
and constraints, driven by the desire to maximise the extent to which interoperability
and interference free systems can be achieved within the Community.

Historically, harmonisation has been achieved under the auspices of the CEPT.
However, adherence to CEPT recommendations, and indeed ERC Decisions in the
first instance, is a voluntary matter for each NRA. Whilst common interests and
peer pressure, have often made this an acceptable approach, the Commission feel
that such a situation is no longer sufficient. Citing the need for greater certainty on
the part of major investors, the proposed Spectrum Policy Decision (SPD) states
that “where policy agreement is reached to harmonise the use of radio spectrum
necessary to implement relevant Community policies, legal provisions should
ensure the appropriate implementation of measures by the Member States.” It

1320/AE/SMM/R/3
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proposes that harmonisation issues continue to be addressed at a technical level by
the CEPT, with the Commission subsequently mandating that (where the results
generated by CEPT are acceptable) the Member States implement them.

These constraints on the mandating of specific standards referred to in the previous
section do not necessarily prevent the mandating of specific services. For example,
following WTO intervention the EU was prevented from mandating use of the
European UMTS standard for provision of 3G mobile services, beyond the extent
required to cater for international roaming (i.e. at least one UMTS network in each
country). However, ERC Decision (00)01 relating to 3G mobile spectrum, which the
UK is committed to implement, explicitly requires all the core 3G mobile spectrum to
be made available for “terrestrial UMTS and other terrestrial systems included in the
IMT-2000 family, in order to enable a competitive market for third generation mobile
services”.

Where harmonisation of spectrum use is justified on the basis of promoting a
competitive market, this is likely to limit national flexibility to change the use of
spectrum, though application of market mechanisms such as auctions or spectrum
trading which do not involve change of use would be unaffected. Note however that
Decision (00)01 also contains the proviso that the making available of spectrum by the
specified date is “subject to geographically spread market demand”, implying that
flexibility would be possible where such demand could be demonstrated not to exist
(unlikely in the case of 3G mobile but more feasible in the case of market failures such
as the ERMES paging service). The inclusion of a similar proviso in future
harmonisation measures would support flexibility to respond to uncertain and dynamic
market conditions, whilst supporting the development of a competitive international
market where demand for such a market genuinely exists.

Harmonisation of spectrum use does not in itself prevent the introduction of
alternative services, so long as these do not impinge on the objectives of the
harmonisation measure. For example, it is not necessary in practice for all the
spectrum allocated to GSM or 3G mobile to be used for the purpose of mobile
communications, so long as sufficient spectrum is available to cater for
geographically spread market demand for the harmonised service. This means that
in areas where geographic demand does not require the use of all the available
spectrum, it could be used for other applications, so long as harmful interference
does not occur as a result. A number of European countries currently license GSM
1800 on a geographically limited basis, typically covering major cities, and there
may well be a case for allowing the use of GSM or 3G mobile technology to provide
FWA services in remote areas where demand for mobility is limited.

An exception to this is spectrum covered by existing service-specific Directives. For
example, under the 1987 GSM Directive, Member States were required to reserve
the bands 905 — 914 and 950 — 959 MHz (2 x 9MHz) for the exclusive use of GSM
by 1 January 1991. The remaining parts of the bands 890 — 915 and 935 — 960
MHz (a total of a further 2 x 16MHz) were to be allocated for GSM use in
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accordance with “commercial demand”. This would seem therefore to leave the
allocation of this latter 2 x 16MHz to the discretion of the NRA. As the Directive
does not have an expiry date, it may be reasonable to assume that over time the 2 x
16MHz will indeed be better used by new applications, particularly in geographic
areas where demand for GSM mobile services is limited. The core 2 x 9 MHz is
however constrained to use by GSM services only.

Whether alternative, non-mobile, applications using GSM technology might
legitimately occupy the band remains moot. The Directive defines the term public
pan-European cellular digital land-based mobile communications services as being
“a public cellular radio service provided in each of the Member States to a common
specification which includes the feature that all voice signals are encoded into binary
digits prior to radio transmission”. Whether the absence of the word mobile from
this definition, as against its clear and repeated use throughout the remainder of the
Directive would open the door to use of the allocation by fixed systems must be in
some doubt.

It is worth noting that NRAs are encouraged to contribute to the promotion of cultural
and linguistic diversity, together with media pluralism — perhaps thereby allowing the
same (non-harmonised) frequencies to be licensed for different applications in each
of the home nations (England, Scotland, Northern Ireland and Wales) dependent
upon cultural and linguistic needs.

Licensing

The use of auctions has become well established in several European countries.
Secondary trading however, has yet to be introduced on an operational basis (other
than straightforward transfer of licensed undertakings).

Under the Framework Directive a degree of secondary trading will be permitted, on
condition that licensees keep the NRA informed of changes in the ownership of
rights, and that the trading does not distort competition. However, where spectrum
use has been harmonised through Decision COM(2000)407 (on a regulatory
framework for radio spectrum policy in the EC) the transfer cannot result in a
change of use. The term “change of use” is not defined, although the recital relates
it to there being “sufficient safeguards in place to protect the public interest” thus
any decision should be justified in these terms.

In passing it may be noted that the proposed Framework Directive may introduce
another constraint on the Agency, by limiting the extent to which the Agency might
encourage innovation within UK based industry by allowing preferential access to
the spectrum. All States are required to "ensure that the allocation and assignment
of radio spectrum by national regulatory authorities is based on objective,
transparent, non-discriminatory and proportionate criteria". As a consequence
“Pioneer preference” licences that might be seen to offer UK based companies
short-term access to the spectrum on more favourable terms than those offered to
companies from other Member States, would not be permissible. This issue should
not however affect existing Test and Development (T&D) licences, where the key
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issue is obtaining agreement from incumbents, particularly those who have paid for
licences at auction, to allow temporary and limited access to bands for T&D
licensees.

TECHNICAL CONSIDERATIONS

The following conclusions are largely based on considerations relating to the
management of interference between co-frequency operations in geographically
adjacent blocks (national) and between countries (international).

¢ In general homogeneous systems offer the greatest spectral efficiency and the
least problems at boundaries

e High availability systems impose greater sharing constraints because of their
need for greater protection due to interference arising from anomalous (short
term) propagation conditions. In extreme cases where point-to-point systems
operate in the same frequency band in adjacent areas, co-ordination distances
of 200 km could be required.

e ltis possible to set boundary conditions, both geographic and adjacent band, for
spectrum blocks. However setting the boundary conditions at levels that
prevent interference under all conditions is impractical (i.e. too constraining).
Setting the conditions at levels higher than this leads to a potential for
interference. Negotiation / co-ordination is therefore required in order to allow
for satisfactory co-existence.

e A similar problem exists for the setting of boundary conditions with respect to
other countries. The result is either highly constrained operations in border
areas (when the boundary conditions are stringent) or the need to co-ordinate
with other administrations (when the boundary conditions are more relaxed).
The need to co-ordinate with other administrations, which in any event can be
lengthy, is potentially more difficult in the case where UK usage is out of line
with international agreements.

e Highly directional antennas can lead to significantly higher potential interference
in the worst case, although the probability of this arising is correspondingly
much lower because of the narrow beam widths involved. However, where the
coverage of the other service using the same frequency is meant to be
ubiquitous (e.g. a mobile service) the small probability becomes significant.

e Co-frequency point-to-area systems of similar power levels are more suited to
operating in adjacent geographic blocks of spectrum although even here there
still remains the potential for interference at boundaries.

e There is no reason from a technical point of view to prevent a change in use
providing any agreed changes to boundary conditions are formally recorded.
Agreements of this nature can be relatively easy to implement domestically (i.e.
between spectrum blocks) but more difficult to implement with respect to other
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administrations especially when the change of use falls outside the international
framework, as noted above.

o If agreements regarding changed boundary conditions are to be made, they
should be made on the basis of common technical data and the availability of
common calculation tools, with the recognition that measured power levels may
not always correspond with those calculated

e Technologies are available to reduce the impact of the interference
environment. It is notimmediately clear that the low power density methods
(e.g. spread spectrum and ultra wide band systems)!0 offer great benefit other
than potentially in the short term (i.e. low numbers of users). Frequency agility
and adaptive antennas offer greater potential. Where these are used to enable
operation in an anarchic environment (i.e. licence-exempt bands) or where an
operator achieves more dynamic frequency planning in its own frequency band
there are significant benefits. It might also be thought that they could improve
the co-existence situation at boundaries. However, as most of these techniques
effectively operate on a "first-come, first-served" basis, there is a danger that an
operator on one side of a boundary will effectively (and invisibly) change the
boundary conditions in their favour.

It is therefore concluded that it is not possible to isolate either a geographic
spectrum block or a country merely by imposing a power flux density / field strength
limit at the boundary or generic power limits. Such limits would be too constraining
near the boundary and would lead to inefficient use of the spectrum.

The spectrum management regime has to allow for the negotiation of boundary
conditions between spectrum blocks and for co-ordination between administrations.
The negotiation of boundary conditions between operators can be undertaken by
the operators themselves, providing common technical data and supporting tools
are available. Responsibility for international co-ordination should remain with
administrations. It should be recognised that any change of use in the UK falling
outside the international framework, and which potentially has an impact on
operations in adjacent countries, could cause a serious co-ordination problem
unless the other administration is also pursuing a similar, flexible approach to
spectrum management.

In general the market can be expected to arrive at the most beneficial
apportionment of spectrum to different users through trading. However there is a
danger that the spectrum could become fragmented the more it is traded. One
result could be that spectrum efficiency suffers due to the need for an increasing

10

Such techniques attempt to reduce the likelihood of interference by “spreading” the signal over a
bandwidth much wider than that of victim systems, so that only a small proportion of the interfering
power lies within the bandwidth of the victim receiver. However, because of the wider bandwidth, many
more interfering systems are likely to operate on the same frequency hence as the market for such
technologies grows the level of interference (which is cumulative) may once again become problematic.
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number of guard bands. In addition fragmentation could lead to more and more
complex negotiations between users and the potential for self-correcting market
mechanisms to be disrupted by commercial positions adopted by one or more
operators. It is therefore important that the ground rules for trading allow for
arbitration by the regulatory authority in the event that an unsatisfactory
fragmentation arises.

CONCLUSIONS

The Independent Review’s consultation paper proposes that:
e Spectrum users face the opportunity cost of spectrum

e For commercial users, opportunity cost can be revealed through market
mechanisms such as auctions and spectrum trading

e The UK seeks to adopt a more flexible approach to spectrum management,
involving greater autonomy in spectrum use and adoption of a less service
dependent licensing approach, within the constraints of its current international
commitments

This study has addressed the ways in which international regulation and technical
factors may constrain or enable implementation of these proposals. This section
summarises our conclusions and then goes on to discuss a number of practical
issues.

Opportunity cost of spectrum

The opportunity cost of a particular block of spectrum is the cost of denying use of
the spectrum to any other use or user. If the value of the spectrum to the incumbent
use/user is less than the opportunity cost, then the distribution of spectrum can be
said to be sub-optimal in the sense that more value would be created by reallocating
the spectrum. If users are faced with the opportunity cost of spectrum, they will
have incentives to increase/decrease their use if they value spectrum more/less
than the opportunity cost.

Spectrum allocations and assignments have historically been the result of
administrative and political processes that make gradual changes in spectrum use.
These changes are often the result of a compromise amongst numerous competing
interests. It would be surprising if the resulting allocations were optimal in the sense
that the application of an opportunity cost approach caused no user to change their
spectrum use. It therefore seems reasonable to assume that application of the
opportunity cost approach would lead to demands to change allocations (and
assignments) in the UK. These changes may not be consistent with allocations
elsewhere in Europe. This could happen, for example, if

e The timing of demand for new services in UK is different from elsewhere (e.g.
digital TV)
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o National priorities differ (e.g. retention in France of some GSM1800 spectrum
for military applications)

e The size of market required to support equipment manufacture is not large (i.e.
UK is sufficient) and/or equipment is adaptable across a number of bands (e.g.
FWA)

e The technology used has been developed for US or Japanese markets (e.g.
MMDS in Ireland).

e The application is not truly international by nature. This is the case for most
services, except, most obviously, air and maritime radio-navigation and
communications (although mobile services such as GSM with a roaming
capability are increasingly global in nature).

To assess whether the international regulatory framework could constrain
application of the opportunity cost approach, it is necessary to consider the impact
of ITU, EC, ERC and bilateral agreements and regulations. Of these, EC
regulations and bi-lateral agreements are likely to be the most binding constraints.

If the band in question is subject to an EC Directive or is judged to be harmonised
under the proposed Spectrum Decision, then the new use must be compliant with
these regulations. This is an absolute constraint until the band(s) in question is
removed from the list of harmonised bands. This seems most likely if the services in
question are a commercial failure (e.g. ERMES), or become obsolete (eg analogue
technology replaced by digital).

ERC Decisions become mandatory once signed by administrations (although
signing itself is optional). The situation with ITU regulations is as follows:

o If the new use falls within the definition of the primary use of the band there is
no problem;

o If the new use falls within the definition of the secondary use of the band then
the user is not entitled to interference protection from current or future primary
services;

o If the new use falls outside both the primary and secondary use definitions,
then implementation is still possible but the user must not cause harmful
interference and it has no right to protection from harmful interference from
either primary or secondary services. If interference protection is desired or
interference may be caused to other users, it may be possible (in principle) to
effect a change by adding a footnote to the ITU-R Radio Regulations. This
could take at least 3 years to achieve and may be blocked by neighbouring
countries not wishing to change existing bilateral agreements in ways that
would either restrict their own use or protect the new use from harmful
interference.

Bilateral agreements may constrain what actually happens in practice assuming the
UK’s neighbours do not wish to make similar changes in their spectrum use.

1320/AE/SMM/R/3
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Bilateral agreements are generally framed in terms of the division of frequencies
used in border areas and the level of permitted emissions in preferred/non-preferred
frequencies across the band and out of band. If the bandwidth of new services
differs from that of existing services, then the agreed sharing pattern may not apply
and the new use may face harsh emission constraints. This may prevent service
deployment in border areas.

We estimate that up to 5% of the UK population resides within areas where co-
ordination is likely to be required for most services. The extent to which this would
impact on the value of the spectrum would depend on the application and whether
additional, unconstrained spectrum were available to support the service. For
example, the four UK GSM operators all claim at least 98% population coverage,
hence a new entrant who relied exclusively on spectrum that may not be useable by
up to 5% of the population would be at a significant disadvantage. On the other
hand, a national broadcaster or FWA operator could achieve a viable service with a
much lower coverage and would be relatively unaffected by such a constraint, as
would a mobile operator which used the spectrum to complement its existing GSM
or 3G mobile assignment. The effect of bilateral constraints is likely to affect the UK
less than some other European countries which have multiple land borders and/or
significant proportions of their populations lying within co-ordination zones.

In summary, the harmonisation of spectrum use under an EC Directive or Decision
and bilateral agreements will permit the application of the opportunity cost approach
where this does not involve a major change of use. Where the allocated use of a
band would change as a result of applying an opportunity cost approach (e.g.
trading, auctions) then the situation is less clear. In some cases, EC Directives
could effectively prevent a change of use. EC Directives currently prescribe use in
only a relatively small fraction of the total radio spectrum (about 20% of the
bandwidth between 900 MHz and 2200 MHz), however, it can be expected that over
time the list of harmonised bands will grow (though whether these will be mandated
by way of EC Directives or ERC Decisions remains to be seen). Bilateral
agreements place a stronger constraint in lower as compared with higher frequency
bands (see the case studies). ITU and ERC regulations are a weaker constraint.

The above discussion is framed in terms of change of use. The issue of change of
technologies also applies. Here it is only the European regulation and bilateral
agreements that may constrain a liberal approach. Against this, the WTO
agreement and R&TTE Directive do not allow member states to restrict the
technology used except on grounds of harmful interference. This may neutralise the
effect of any technology specific European regulations, but it does not deal with the
issue of bilateral agreements as these are driven by interference considerations. As
discussed above, bilateral agreements may constrain the area over which a new
technology or service may operate and in some cases this may mean it is not
worthwhile deploying the service/technology in question. As illustrated by the case
studies, the outcome largely depends on the frequency band and nature of
technologies deployed on each side of the border.
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5.2.2

5.2.2.1

Market Mechanisms
Trading and Auctions

Secondary trading and spectrum auctions will both be permitted under EC
legislation once the Framework Directive and Spectrum Decision have been
passed. The only real constraint imposed by this legislation is that trading may not
result in the change of use in a band harmonised under either a specific directive or
the Spectrum Decision.

As discussed above, changes in use may be problematic in some cases because of
the constraints imposed by bilateral agreements.

Aspects of Secondary Trading

In this section we address the following issues:

e Methods for interference management under secondary trading
e Ways of dividing spectrum rights for auction and trade

e The definition of overlay rights

Interference Management

It is technically possible to set a power flux density / field strength limit either around
a geographic spectrum block or around a country, such that adjoining blocks or
countries are unaffected. This however is not a practical proposition in the case of
the UK for two reasons:

= The level would have to be so low that operations would be seriously
constrained near the boundary

= At the boundary there is always the possibility of interference whatever the level
that has been set as a limit

Such an approach would only work if it is accepted that areas near to boundaries,
be they internal or international, are effectively unusable.

The consequence of this situation is that the most efficient use of the spectrum can
only be entertained when there is some form of mutual agreement that allows for the
existence of systems close to one another on either side of the boundary. In terms
of interference management the fundamental requirement is for a system that allows
for negotiation / co-ordination to take place. If this is accepted and the necessary
processes are put into place then there is no constraint on the trading of spectrum,
however it is packaged.

The key elements that need to be in place in order to allow interference
management to take place in a spectrum trading regime are as follows:

= apower flux density / field strength level at a border that will trigger negotiation /
co-ordination, where the responsibility for setting this level would reside with the
regulator.
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= the availability of common analysis tools to determine interference power levels,
where these tools are approved by the regulator (noting that there is no
guarantee as to the absolute accuracy of the tools provided) and used by the
operators in the case of national negotiation.

= adatabase of deployed systems and their technical parameters, and agreed
changes to boundary conditions.

= the regulator would remain responsible for international co-ordination.

If these key elements are in place it will be possible for licensees to undertake the
negotiations amongst themselves with no direct involvement of the regulator (except
in the case of cross-border situations), while at the same time providing complete
transparency by recording deployed transmitters and changes to boundary
conditions in a common database. Without this transparency, use of the spectrum
would rapidly become static or the interference environment would degenerate, and
the benefits of market mechanisms in terms of spectrum and economic efficiency
lost.

It is considered that the main cause of any dispute is likely to be the reception of
unacceptable interference. This could be due to an unknown and unauthorised
source, authorised equipment performing outside specification, or real field
strengths exceeding those calculated using the common tools made available to all
parties. The first two of these are similar in that they both involve unauthorised
emissions of one sort or another. The enforcement activity required to control these
should be undertaken by the regulator. The third example is more difficult.

The use of common data and tools to support the negotiation about boundary
conditions between operators has been proposed in order to reduce the likelihood of
disagreement at the negotiation stage. However once the systems are in place and
operational there is always the small possibility that received signal strengths differ
from those predicted by the models used. This applies to interference as much as it
does to the wanted signals. This situation is true under the present regime as much
as it would be under any new regime that involves spectrum trading. It is essential
that operators be made aware that the models used do not guarantee complete
interference-free operation and that in the event of this situation occurring arbitration
will be required.

Division of Spectrum

Two different approaches to defining the blocks of spectrum that are auctioned and
traded have been adopted in other countries. These are:

e Building block approach. This is used in Canada and Australia. It involves
defining basic building blocks or units of spectrum that cannot be divided but
can be aggregated and traded. The units are defined in terms of geographic
coverage, time, frequency band and bandwidth.
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e Tailored licence approach. This is used in New Zealand and the US, and was
used in the UK for the recent 3G mobile and BFWA auctions. Spectrum
licences are defined in terms of the spectrum package that the regulator
considers to be most appropriate for the service concerned. These packages
are auctioned and, in New Zealand and the USA can be aggregated or divided
after the auction. The user decides the level of aggregation/disaggregation that
best meets its needs.

The pros and cons of the two approaches are summarised below:

Pros and cons of the building block approach versus the tailored licence approach
Pros

The building block approach allows users to acquire small or large spectrum blocks in auction — what
ever suits their commercial purposes.

Government does not pre-define the shape of licences based on imperfect information as may be the
case with a tailored licence approach. Rather it is left to the market to define the size of licences.

Cons

The building block approach involves higher transaction costs and risks for bidders in the auction as
they have to piece together small parcels of spectrum to get the coverage and bandwidth they require.
There is a risk that bidders may finish up with total packages that are insufficient to provide a viable

service(as happened in the Dutch 2G auction!?).

The building block approach predefines the way in which spectrum may be disaggregated and it is
possible that this may not meet all future needs. In the tailored licence approach users define the
appropriate level of disaggregation if the spectrum is subsequently traded.

There are administrative costs in setting up the system of basic trading units, and to meet competition

objectives it is likely to be necessary to place caps on the total spectrum package that can be acquired.
In summary, the building block approach involves greater use of market information
on the part of bidders to determine their initial spectrum requirement, while the
tailored approach possibly allows greater market involvement in any later
reformulation of licences. Initial transaction and set up costs are higher under the
building block approach, but transaction costs post-auction may be higher under the
tailored licence approach if Government has not designed licences in a way that
meets market requirements.

Experience in the four countries we surveyed does not obviously show one system
to be superior to the other, and it is not clear where the balance lies in the UK case.
It is likely to depend on the band in question, the nature of the application and
whether other policy factors (e.g. competition issues) dictate a particular
configuration for the spectrum.

Overlay rights

Overlay licences are licences for a block of spectrum which are encumbered by
existing licensees who have apparatus licences (i.e. site specific licences). The
issues that need to be considered in granting overlay licences are:

e The rights of incumbents to interference protection

11

The Dutch Government auctioned 18 lots of mobile radio frequencies. Two lots comprised 15 MHz of
DCS1800 spectrum and SMHz of extended GSM spectrum, while the remainder variously had
bandwidths of 2.4 MHz and 2.6 MHz. Orange / Veba won only two of these smaller lots which was not
sufficient to offer a service. The lots could only be resold with the permission of the State.
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e The duration of incumbents’ licences
e The new entrants’ rights to interference protection

e The grounds on which the new entrant may ask the incumbent to vacate the

spectrum

Economic analysis suggests that giving new entrants a right to move incumbents
with compensation, and/or giving incumbents a time limited right to stay is more
efficient than simply giving incumbents a perpetual right to stay. This means the
new entrant is faced with the cost of relocation but is not held up to indefinite
negotiations with incumbents trying to extract the full value of the spectrum.12

Overlay licences have been created in all four countries reviewed. They have the
following common features:

e Incumbents’ rights are time limited (2-5 years)

e Incumbents have a right to compensation from the new entrant if asked to leave
before their licences have expired

e New entrants must offer incumbents the same interference protection as they
had originally

e New entrants are similarly given the same level of protection from interference
as other site licensees in the band

The creation and auction of overlay rights is clearly feasible and provides a
pragmatic response to the issue of migrating incumbents. Encumbered spectrum is
likely to be valued less than unencumbered spectrum, but the discount can be
limited by giving incumbents time limited rights.

5.3 Case studies
A number of case studies have been examined with regard to the main objectives of
the work undertaken and reported here. The following table summarises the main
conclusions of those case studies, further details on which can be found in Annex D:
Case Study Boundary conditions International Market issues
regulations
1 - Migration of Some international EC Directives constrain  Auction and trading of
existing GSM problems - borders with  part of the 900 MHz GSM spectrum for IMT-
bands to France and Ireland. GSM band but no such 2000 use possible but
IMT-2000. Micro and pico cells constraint on value may be reduced
may only be possible DCS1800. Existing because of border
here. bi-lateral agreements problems.
may need to be
renegotiated.
12 Efficient Relocation of Incumbents, P Cramton, E Kwerel, J Williams; University of Maryland and the

FCC. October 1996.
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2 - Co-existence of
IMT-2000 and
non-mobile
services around
2.6 GHz.

3 - Migration of
analogue TV
spectrum.

4 - Wideband systems
at 28 GHz and
40 GHz.

5 - Licence-exempt
systems.

E-commerce

Potential problems at
international borders -
directional antennas in
Ireland and France.

Based on a Mobile
system example, micro
and pico cells may only
be possible near
international borders.

Small impact on point-
to-point operations in
other countries.
Particular (bad) cases
can be dealt with on a
case by case basis.

Condition of licence-
exempt operation is
generally "no
protection, no
interference". Can be
appropriate to mandate
interference mitigation
technologies in order to
protect authorised
primary services.

Although already
identified for use by
IMT-2000 at an
international level, not
yet harmonised for
such use in Europe.

Part of the spectrum
allocated to Fixed
already - no general
allocation to Mobile.
Stockholm and Chester
broadcast plans
dominate but CEPT
states that the bands
are to be reviewed for
possible future
applications after the
introduction of DVB-T.

P-P and P-MP allowed
to operate under ITU-R
allocations. European
usage not completely
harmonised.

2.4 GHz ISM band now
used on a global basis
(forced by prospect of
Bluetooth). 5 GHz less
harmonised globally.
Europe promoting the
opening of this band on
the basis of mandated
interference mitigation
techniques.

Impact on French fixed
links and Irish MMDS
services needs to be
addressed. Could be
achieved through
financial pay-off and/or
government
intervention.

Take-up of digital TV
can be accelerated by
financial incentives
achieved through
market mechanisms
but this could be
difficult. The use of
released spectrum will
also be difficult near
borders because of
interference problems.

Viability of proposed
services questionable.
Could make use more
flexible by auctioning
and trading blocks with
general boundary
limits.

Strong demand for
global harmonisation,
especially at 5 GHz.

In line with the Government’s overall policy on increased use of the internet for
delivery of public services, as detailed in the Cabinet Office document “e-
government: a strategic framework for public services in the Information Age”, the
Agency is considering how e-commerce and e-government may help dynamic
spectrum management.

The experience of Australia, Canada, New Zealand and the USA suggest that the
introduction of more automated, on-line licensing procedures and licence
information is essential to the development of secondary trading and offers
administrative benefits both to the Agency and to the market. By removing the need
for Agency staff to become involved in the licensing process until a much later
stage, the Agency would be able to free staff to work on other issues, and applicants
should benefit from a faster, more transparent decision process. The benefits seem
likely to be maximised if a suite of support services is introduced providing the
information and tools needed to assess the viability of a licence application before
actual submission. This is likely to be of particular value to new market entrants
(e.g. non-2G licensees), who do not have experience or detailed knowledge of the
UK market and licensing procedures, and may therefore help to further stimulate the
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market. Security issues, both commercial and national, are clearly an area which
will require considerable thought. However, these issues have not proved
insurmountable in any of the countries which have to date ‘gone on line’.

The Agency has recently launched a publicly accessible database that provides
locational and other details (for example emissions and operator) for all operating
cellular base stations. This is in response to the recommendations of the
Independent Expert Group on Mobile Phones report chaired by Professor Sir
William Stewart. In addition, the MSC sub group is considering development of a
database to aid spectrum trading, mast sharing, and interference issues and to
facilitate engineering/assignments. The Agency is also looking more widely at
databases concerning licences, frequencies and assignments and at the business
issues arising of how to provide comprehensive or “snapshot” information, and at
industry and citizen access issues.

These two work strands may provide a good spring board from which to develop a
more comprehensive set of public domain databases. However, the longer term
objective, of providing all the services and information needed to allow on-line
licensing, might usefully be fed into the current design and development process to
ensure longer term compatibility between the various databases and licensing tools.

A strong case can be made for the introduction of a standardised set of modelling
tools (or at a minimum a standardised set of functions and interfaces). It is likely
that such standardisation will be essential as part of a secondary trading regime, to
ensure that problems such as those experienced during the Swedish 3G auction do
not occurls,

In summary, use of the internet for on-line licensing appears to offer significant
benefits. A number of levels of service provision can be envisaged, from the simple
return of forms on-line, through to provision of a comprehensive suite of support
tools. ltis likely that further work into the costs / benefits of service provision will
need to be undertaken before a final recommendation can be made as to where
along the continuum the Agency should seek to operate.

Greater Flexibility

We were asked to advise on:

e The scope for greater autonomy in domestic spectrum policy e.g. generic
licences not related to a particular service or technology. An example would be
to reclassify licences as being either point to point or point to area.

e Technical factors which might constrain the introduction of service independent
licensing

13
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During the Swedish auction different coverage modelling assumptions on the part of some bidders and
the NRA led to legal challenge of the auction outcome, which was partly based on assessment of
coverage projections
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5.5.1

5.5.2

e Ways in which new technology developments might promote a more market
based system of spectrum management

Each issue will now be considered.
Greater Autonomy in Domestic Spectrum Policy
Greater autonomy in domestic spectrum policy might be achieved by

e Implementing new technologies/services unilaterally rather than trying to get a
harmonised allocation in Europe

e Applying generic service categories to the extent that this is compatible with
ITU regulations and EU Directives

e Following a technology neutral approach, to the extent that this is compatible
with EU Directives and interference constraints

e Permitting use of spectrum earmarked for future harmonisation on an interim
basis by other services, perhaps including time-limited incumbency rights.

There is potentially scope to move ahead on all of the above for some services. As
we have already discussed, in many cases the main constraint is the practical one
of needing to conform to existing bilateral co-ordination agreements. For some
services (e.g. public mobile services, satellite services), the limitations on
implementing new technologies/services on just a domestic basis are economic
rather than regulatory.

Adoption of a technology neutral approach to spectrum allocation in Europe would
be consistent with WTO requirements but could conflict with the Commission policy
with regard to the development of pan-European markets, free circulation and
international roaming.

Permitting the interim use of spectrum earmarked for future harmonisation may
involve either provision for temporary requirements (e.g. use of MMDS to provide
access to multi-channel TV pending the roll-out of cable infrastructure), or the
introduction of new services which may in the future be compatible with, or capable
of migration to, the proposed harmonised service (such an approach would involve
an element of risk on the part of the bidder that their service / technology may not
subsequently be compatible, but that could be reflected in the price bid).

Service independent licensing
Some of the technical factors that need to be considered with regard to service

independent licensing are:

= Some applications (e.g. certain satellite services) and modulations (e.g.
analogue TV) are more sensitive to interference than others

= Particular characteristics of a system make it more sensitive to interference e.g.

highly directional receive antennas (although the probability of the worst case
geometrical alignment is not great)
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= Anyimbalance in power levels required to support a system (i.e. homogeneity is
good)

Overall though, if there is to be spectrum management based on spectrum blocks of
one sort or another, and there is to be negotiation regarding the boundary conditions
associated with these blocks, there is no technical reason (from a national point of
view) why service independent licensing cannot be introduced. However there will
be overall spectrum inefficiencies that will naturally arise when very different types
of system are used in the same frequency band.

The main difficulty with service independent licensing will arise from the need to
observe international obligations. Co-ordination at international borders may be
difficult if a particular application falls outside the service allocations of the ITU-R or
CEPT.

In general a broad distinction can be made between point to point systems involving
highly directional antennas and high availability requirements, and point to area
systems such as mobile, broadcast and FWA services. However, it is also
necessary to differentiate between broadcast services, which tend to involve high
power transmissions serving large areas with limited frequency re-use, and mobile
or FWA services which employ cellular technology with relatively small transmitter
coverage areas and intensive frequency re-use. This means that co-ordination
distances for broadcasting systems must inevitably be greater than for mobile and
FWA, even in the same frequency bands.

It could be argued that adoption of cellular techniques for broadcasting would
overcome this problem, however consideration of the different economics of one-to-
one (telecommunications) and one-to-many (broadcast) services tends to rule this
out. Broadcasters generally require the ability to deliver the same material
simultaneously to the maximum number of recipients (to compete with alternative
platforms like satellite or cable and maximise their advertising revenue), whilst
mobile or FWA operators need to maximise capacity (and hence revenue) on their
networks. Hence the difference in approach to the delivery of broadcast and
wireless telecommunication services, outlined above. Whilst some degree of
convergence between broadcast and telecommunications services is anticipated,
this fundamental difference in the approach to delivering “one-to-many” and “one-to-
one” services is likely to remain for the foreseeable future.

5.5.3 New technology developments

Several new technology developments have been introduced in order to make
better use of the spectrum when the interference environment is hostile, whether it
be created by similar systems or other services operating in the same band. These
developments are often market driven and have been developed by manufacturers /
operators in order to gain access to the spectrum and / or make more efficient use
of the spectrum. Sometimes the requirement for a particular technique is mandated
by regulators to prevent interference to other services.
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5.6

While some of these techniques work well in an uncontrolled environment (e.g.
licence-exempt bands) or with respect to other devices within a single system, there
are some dangers when used across systems deployed by different operators. This
is particularly the case where operators are working within a well defined and
agreed boundary. In this instance systems using some sort of automatic frequency
selection could make an "invisible" incursion into the territory owned by another
operator on the other side of the agreed boundary.

In the case of harmonised bands, new technologies can be introduced, where these
do not entail a change of use or a change to the agreed bilateral co-ordination
criteria. An example would be the introduction of the EDGE (Enhanced Data rates
in a GSM environment) by GSM operators, which utilises a different modulation
scheme but retains the same channel plan and emission limits as standard GSM
technology. The introduction of more radical changes, such as the adoption of the
UMTS standard in the GSM bands, would be more problematic due to the very
different channel plan, which would prevent the continued use of the “preferred
channel” co-ordination procedure. This is addressed in more detail in the case
studies (see appendix D.1).

Changes to the International Framework

There may be scope for the UK to seek changes to the international regulatory
framework, or to seek to influence future developments, that would facilitate greater
flexibility in national spectrum management. This could for example include the
removal, or at least revision, of older service specific Directives that have outlived
their purpose, e.g. GSM, ERMES, and DECT and support for the adoption
throughout Europe of a more technology neutral/less service specific approach to
licensing and spectrum management, building on the new Framework package. It is
particularly important for the UK to play an active role in European fora such as the
CEPT ERC Radio Regulatory Working Group, which are actively addressing
spectrum trading and refarming issues.

It should be noted that case studies indicate that even if these changes are made,
differences in bandwidth and the way spectrum is used by different services mean
that bilateral co-ordination close to borders will continue to be required in most
cases and that this may limit the scope for introducing much greater flexibility in use.
The situation is easier for low power services and at for services operating at higher
frequencies. Also, where spectrum is additional to other spectrum, the constrained
spectrum may only be required where traffic demand is highest, e.g. in major
conurbations away from border areas, largely negating the need for co-ordination.

Note that some limited change of use can already be accommodated within the
existing international framework. For example, the use of 3G mobile spectrum for
fixed services in areas where there is limited demand for mobile, would be
compatible with ERC Decision (00)01, which allows for variations in regional market
demand to be taken into account. Such provision would also be compatible with the
co-primary ITU allocation of the spectrum to fixed and mobile services. Note
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however that any bilateral agreements would still need to be met and that this might
constrain such use in areas near the channel coast or the Irish border.

1320/AE/SMM/R/3



Market Mechanisms for Spectrum Management

THE INTERNATIONAL REGULATORY FRAMEWORK

Introduction

The very nature of the radio spectrum demands that its use is, in the first instance,
considered at an international level. The national regulatory authority (NRA) must
often comply with international / regional regulation (particularly if it has agreed to
the relevant regulatory instrument), and is well advised to take account of the
possible impact that any changes it proposes in the use of spectrum may have upon
neighbouring states. Typically this involves the setting up of specific memoranda of
understanding to protect services in neighbouring countries, such as that reached
between the UK, France and Belgium to facilitate the replacement of UK Band Ill TV
broadcasts by public access mobile radio, or those relating to GSM cellular services.

Management and use of the radio spectrum is subject to regulation (be that
mandatory or advisory) by five major international bodies:

e |TU-R and CEPT have pioneered development of spectrum regulation through
technical means, whilst the work of ETSI and other standards bodies has
helped make possible the standardisation and harmonisation of spectrum use

e EU and WTO have focussed on trade / market mechanisms by which to achieve
fully efficient use of the spectrum?4

The relationships between many of these bodies are shown in the following
diagram. This illustrates the complexity of these associations.
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The complexities of international regulatory relationships
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It may of course be noted that the EU is taking an increasingly active role in the technical management
of spectrum
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The detailed responsibilities of the key organisations, and the manner in which they
are likely to affect the UK's approach to spectrum management, are discussed in
the following sections.

A.2 Global considerations
A.2.1 Introduction

The international framework for radio regulation exists primarily to protect against
harmful interference. Also for services of an international nature, such as satellite,
maritime and aeronautical services, international harmonisation of allocations is
necessary to allow users to operate safely and effectively (e.g. international air
travel, merchant navies etc). Supporting these objectives, the International
Telecommunications Union Radiocommunications Sector (ITU-R) provides the
overall, global, framework for spectrum use, in the form of the International
Frequency Allocation Table (Article S5 of the Radio Regulations), which allocates
spectrum to broad categories of service such as fixed, mobile, broadcasting or
radionavigation. Services are allocated on a primary or secondary basis. Current
systems operating in a primary allocation are protected from interference from all
future systems. Future systems operating in a primary allocation are protected from
subsequently introduced primary systems and from systems operating in a
secondary allocation, but not from current primary systems. Systems operating in a
secondary allocation must not cause interference to, and will not be protected from
interference from, current or future primary services, but can claim protection from
future secondary services.

A.2.2 The ITU Radio Regulations

The ITU issues Radio Regulations (RR) which have the status of treaties, once
ratified by individual Member states. These are agreed at World Radio Conferences
and Member states that do not abide by the RR cannot expect any protection from
interference. Clearly it is potentially less damaging for countries that are remote
islands (e.g. New Zealand and Australia) to violate the ITU regulations than it is for
countries which are proximate to many others (e.g. the UK and the rest of Western
Europe).

In using the radio frequency spectrum Member States of the ITU are required:

= to endeavour to limit the number of frequencies and the spectrum used to the
minimum essential to provide the necessary services and to apply the latest
technical advances as soon as possible

= to bear in mind that spectrum and orbit resources are limited and that they must
be used rationally, efficiently and economically in conformity with the
Regulations so that countries may have equitable access to said resources

It is further required that all stations must be operated in such a manner as not to
cause harmful interference to the authorised radio services of other Member States
which operate in accordance with the Regulations.
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The Regulations therefore set out to:
= facilitate equitable access to and rational use of spectrum and orbit resources

= ensure the availability and protection from harmful interference of frequencies
provided for distress and safety purposes

= assist in the prevention and resolution of cases of harmful interference between
the radio services of different administrations

= facilitate the efficient and effective operation of all radiocommunication services

= to provide for, and where necessary, regulate new applications of
radiocommunications technology

It is difficult to summarise the contents of the Radio Regulations and in any event it
is not necessary for the purposes of this report to present the detail. It is however
useful to have an overview of the issues that the Regulations address. The main
body of the text is made up of several Articles supported by Appendices,
Resolutions and Recommendations, the latter not to be confused with ITU-R
Recommendations. The most important parts of the Regulations are those that:

= define the different radio services and many other important terms (Articles S1
to S3)

= outline the conditions for frequency assignment including the Table of
Frequency Allocations (Articles S4 to S6)

= specify the procedures relating to frequency co-ordination and notification
(Articles S7 to S14)

= describe provisions relating to interference and administrative issues (Articles
S15 to S20)

= specify the technical, operational and administrative constraints associated with
various radiocommunication services (Articles S21 to S29)

= outline provisions specifically associated with distress and safety
communications (Articles S30 to S34)

= outline provisions specifically associated with aeronautical services (Articles
S35 to S45)

= outline provisions specifically associated with maritime services (Articles S46 to
S59)

It is important to appreciate that the Radio Regulations only provide a high level
framework within which administrations operate. Using the technical characteristics
specified in the Regulations for various types of radiocommunication station does
not mean that different systems will be able to coexist. In the interests of flexibility,
efficiency and the desire of nation states to exercise control, the Regulations only
assist in arriving at a situation where coexistence might be achieved.
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From the point of view of this study perhaps the most important provision is S4.4
which requires that:

Administrations of the Member States shall not assign to a station any
frequency in derogation of either the Table of Frequency Allocations in this
Chapter or the other provisions of these Regulations, except on the express
condition that such a station, when using such a frequency assignment, shall
not cause harmful interference to, and shall not claim protection from harmful
interference caused by, a station operating in accordance with the provisions
of the Constitution, the Convention and these Regulations.

In fact using harmful interference as the yardstick gives significant latitude as its
definition is vague and less stringent than other measures of interference, although
it is the one definition of interference contained in the Constitution of the ITU.

Permissible interference — Observed or predicted interference which complies
with quantitative interference and sharing criteria contained in these
Regulations or in ITU-Recommendations or in special agreements as provided
for in these Regulations.

Accepted interference — Interference at a higher level than that defined as
permissible interference and which has been agreed upon between two or
more administrations without prejudice to other administrations.

Harmful interference — Interference which endangers the functioning of a
radionavigation service or of other safety services or seriously degrades,
obstructs, or repeatedly interrupts a radiocommunication service operating in
accordance with Radio Regulations.

In addition to the types of interference level defined above there are also a number
of “trigger” levels which are specified with a view to determining whether co-
ordination is required or not. Most of the “trigger” levels in the Radio Regulations
are related to satellite services as these are of a more global nature. However, co-
ordination “trigger” levels are often agreed between administrations having territorial
boundaries. These bilateral “trigger” levels are often based on ITU-R
Recommendations.

All of these interference levels, the co-ordination “trigger” level, the permissible
interference level and the accepted interference level (once agreed between
administrations) are quantified. The most fundamental of them all, namely harmful
interference, however is not. In terms of international obligation therefore it is
difficult to know exactly what should be met without stepping back and taking
account of the other interference levels that are defined. In any event other
administrations are not likely to accept an interference level that falls just below the
harmful interference level (if this can be agreed) but above the permissible
interference level even if the legal situation deems this as satisfactory.

The main question that arises from the key parts of the framework of the Radio
Regulations as identified above is “How, and under what circumstances, can you
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A2.5

define radio operations within your own territory so that they do not cause (harmful)
interference to systems managed by other administrations?” This is the question
addressed in annex C.

ITU-R Recommendations

ITU-R Recommendations, as their name implies, do not have the same legal status
as the Radio Regulations. They are intended to be advisory rather than mandatory.
However it can be noted that most Administrations take them sufficiently seriously
that they are widely acknowledged and implemented in practice.

There are some special cases in the Radio Regulations where specific ITU-R
Recommendations are incorporated by reference. In these instances the ITU-R
Recommendations concerned will have a higher legal status and will be binding in
the same way that the Radio Regulations are.

As noted earlier the fundamental requirement not to cause harmful interference is
not quantified and therefore difficult to assess. It is probable that any dispute
regarding interference would revert to criteria that have been quantified, namely
permissible interference and accepted interference. Values associated with these
criteria are likely to be based on ITU-R Recommendations. Under these
circumstances it can be seen that ITU-Recommendations take on a level of
importance not immediately obvious from their legal status.

A summary of relevant ITU-R Recommendations, covering the bands and services
addressed by the case studies, are presented in the matrix in Annex G.

World Trade Organisation

The WTO Agreements focus on the desirability of a market that is as free from
restriction as is possible. Thus the General Agreement on Trade in Services
(GATS) requires that any member / group (e.g. CEPT) operating under the auspices
of the GATS ensure that procedures for the allocation and use of frequencies should
be carried out in an objective, timely, transparent and non-discriminatory manner.

One interpretation of this, in terms of the deployment of radio equipment, is that it is
not acceptable to specify a national / regional equipment or interface standard to the
exclusion of other standards unless it can be demonstrated that another standard
will cause harmful interference.

This situation is effectively reflected in the EC's R&TTE Directive that specifies
essential requirements for the placement of equipment on the market at a qualitative
level, rather than in a quantitative manner as is generally the case in a technical
standard.

Other sector-specific bodies

There are a number of other organisations that represent the interests of specific
user groups, such as the International Maritime Organisation and the International
Civil Aviation Organisation. These bodies represent their user communities in ITU
fora and co-ordinate spectrum usage in accordance with the Radio Regulations and
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relevant ITU recommendations, but are not directly involved in the frequency
allocation process.

A3 Regional (European) considerations
A.3.1 Introduction

Within Europe, the European Conference of Posts and Telecommunications
Administrations (CEPT) provides detailed guidance to NRAs, operators and
vendors, seeking to achieve harmonisation throughout the region, an objective
mandated by the European Union (EU). Within CEPT the European
Radiocommunications Committee (ERC) undertakes spectrum harmonisation
activities. The main instrument for the harmonisation of frequency allocations in
Europe is the ERC Decision. ERC Decisions often specify the service and the
technical standards to be used. ERC Decisions are agreed by consensus and the
intention to conform to a Decision is signalled by signing the Decision, an act which
is strictly optional. However, if EU member states do not support measures which
the European Commission (EC) would like to see implemented it is possible that the
EC would seek to have the measures implemented through EC legislation.

The European Telecommunications Standards Institute (ETSI) develops the
harmonised equipment standards that help systems to operate freely across the
continent, and indeed beyond.

A.3.2 Constraints arising from European Commission regulatory activities

As noted in the preceding section, there are a variety of European legislative
measures, both proposed and in force that have the potential to constrain UK
spectrum management activities. Amongst the Directives and Decisions most likely
to affect spectrum use arels:

e the proposed Framework Directive (EC document 10420/1/01, rev.1)

e the proposed Authorisation Directive (EC Document 10419/1/01, rev. 1)

o the Competition Directive (as amended) (96/19/EC)

e the proposed Radio Spectrum Policy Decision (EC Document COM/2000/0407)
e the R&TTE Directive (1999/5/EC)

In addition there are a number of existing service-specific Directives and Decisions
which place constraints on specific frequency bands, namely:

e the GSM Directive (87/372/EEC)

15 A Directive binds Member States concerning the objectives to be achieved by a given date, leaving the
national authorities the choice of form and means to be used. Directives have to be implemented in
national legislation in accordance with the procedures of the individual Member States.

A Decision binds those to whom it is addressed. A decision does not require national implementing
legislation. A decision may be addressed to any or all Member States, to enterprises or to individuals.
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o the ERMES Directive (90/544/EEC)

o the DECT Directive (91/287/EEC)

o the Satellite PCS Decision (710/97/EC) (amended 1215/2000/EC)
e the UMTS Decision (128/1999/EC)

It may also be noted that some pressures on spectrum management are likely to
arise from the proposed Access & Interconnection Directive and from the Users
Rights & Universal Services Directive.

The service specific measures are likely to continue in force under the new
regulatory framework, which is expected to come into force during between April
and September 2003 and any moves towards furthering the use of market based
spectrum management should take account in particular of the provisions in the
proposed Authorisation Directive and the Spectrum Decision.

The Decisions and Directives are examined in detail in Annex F, whilst the possible
impact of the legislation is addressed in the next section.

Implications of European jurisdiction

The primacy of European legislation over national legislation produces both
opportunities, such as those offered by European harmonisation, and constraints for
each Member State. This section looks at three specific issues, namely:

i) The feasibility and implications for the EU market and industrial
development policy, of the UK adopting non-European standards or
technologies

i) The importance of future European harmonisation plans
iii) Band specific constraints arising from service specific Directives and
Decisions

It is worth noting that the European Directives and Decisions are on occasion
ambiguous and are subject to interpretation, and that the proposed new Directives
are not yet finalised. Furthermore, as in the case of UMTS for example, even where
an action is mandated (provision of a system adhering to the ETSI UMTS standard)
this need not prevent an NRA from taking actions which may perhaps go against the
spirit, if not the letter, of the relevant text. Thus once the NRA has licensed a UMTS
conformant system, it might choose also to license a non-UMTS conformant system.
The following sections seek to identify some of the constraints which arise from
actual and proposed European legislation, and to determine whether other courses
of action may yet be legitimate.

i) The potential for non-European standards

Development, adoption and use of standards within the Community are addressed
in, amongst others, the R&TTE Directive and proposed new Framework Directive.
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In broad terms, the R&TTE Directive seeks to encourage the introduction of
innovative technologies, through: “fast track” procedures such as the use of self-
declarations of conformance; a shift from the use of standards as an end in
themselves to a support for legal requirements defined within the Directive;
simplification of the conformance process by introduction of Europe wide standards,
rather than national standards, some of which are equivalent and some of which are
not. Crucially, it also permits operation of apparatus that does not conform to a
European standard, but does meet “essential requirements” as defined in Article 3.
These essential requirements demand that all equipment:

e meets the health and the safety requirements contained in Directive 73/23/EEC;

e meets the protection requirements with respect to electromagnetic compatibility
contained in Directive 89/336/EEC,

e and, in the case of radio equipment, uses the spectrum allocated to
terrestrial/space radio communication and orbital resources so as to avoid
harmful interference.

The Framework Directive seems to support this liberal stance, stating that all
regulation should be technologically neutral, indeed the latest Commission Proposal
is “to give preference to technically neutral standards”. Yet the underlying intention
of the FD is clear: that all Member States should adopt the same standards in order
to maximise the possibility of pan-European operation and the development of pan-
European markets. Following the WTO ruling on free trade, the Community now
“encourages” rather than mandates adherence to specific standards, thus the path
is broadly clear for the introduction of alternative technologies, particularly where
that technology is intended solely for use within a single Member State and where
issues such as cross border interference will not arise.

Thus alternative technologies can in theory function within the European market.
However, failure to conform fully and precisely to a European standard may lead to
significant problems should any Member State wish to challenge the entry of a new
service or technology into its own national market, making it more difficult, or even
impossible, to achieve a pan-European market without the use of a European
standard.

A Member State is at liberty to refuse to allow a technology which it believes fails to
meet the provisions of the R&TTE to operate within their boundaries (Article 9 of the
R&TTE Directive). Grounds for refusal include:

(a) incorrect application of the harmonised standards
(b) shortcomings in the harmonised standards;

(c) failure to satisfy the “essential requirements” referred to in Article 3 of the
R&TTE Directive (despite having adhered to an equivalent standard for
example)
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Furthermore, Member States can bar from their markets equipment that falls outside
the provisions of the R&TTE Directive as a consequence of Article 30 of the EC
Treaty. This article allows nations to restrict the free movement of goods on the
grounds of public order, public security or protection of health.

Member States are urged to take measures to withdraw apparatus that fails to meet
the requirements of the Directive from the market or from service, prohibit its sale or
use and restrict its free movement. Under article 8.2 of the R&TTE Directive, all
Member States are obliged to allow non-conformant apparatus to be displayed at
exhibitions, demonstrations etc, but the apparatus must be clearly signed as being
non-compliant with the Directive, and therefore not permitted to be marketed or to
operate. This would be of slight benefit whilst determining whether a Member State
was justified in rejecting the technology.

Developing and improving European standards

Introducing a technology that does not adhere to a European standard can therefore
be seen to have certain pitfalls associated with it. One possible reason for using
non-European standards and technology would be the inadequacy of, or restrictions
imposed by, existing European standards in the area of interest. This possibility is
addressed by both the R&TTE and Framework Directives. A process for continuous
improvement is outlined in Article 15 of the FD, which may be summarised thus:

1. The Commission will develop a list of standards (produced by ETSI, CENELEC,
or CEN) which Member States shall encourage organisations to use. The
objective of this set of standards will be to ensure interoperability and extend
freedom of choice. The Commission may make use of certain standards
compulsory if voluntary use is failing to achieve interoperability / freedom of
choice, and conversely may remove a standard if it is deemed to hamper
innovation or no longer to achieve its purpose.

2. Where a service is not addressed by a standard from the Commission list,
Member States are to encourage the use of standards from ITU, ISO or IEC.

3. The European Standards Organisations will then be encouraged to develop
appropriate European standards, based on the International standards, which
may then be published as part of an increasingly comprehensive Commission
list.

Beyond conformance

Conformance to a European standard does not guarantee success within the
European market however. Although by default conformance demands pan-
European acceptance, Member States retain a number of grounds upon which they
can decline to accept even conformant technology. For example, under A 7.2
R&TTE, Member States may restrict use of radio equipment on grounds related to
the effective and appropriate use of the radio spectrum, avoidance of harmful
interference or matters relating to public health. If a Member State considers that
apparently compliant apparatus would cause serious damage to a network or
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harmful radio interference the operator may be authorised to refuse connection, to
disconnect such apparatus or to withdraw it from service.

In summary, the situation with regard to use of technology which does not adhere to
a European standard depends to some extent upon interpretation of the applicable
Directives. Where the technology is to be used exclusively within the boundaries of
a Member State the opportunities do exist for successful introduction. However, if,
as is probably more likely, the owner of the technology wishes to introduce it into
one Member State as a point of entry to the wider European market, the obstacles
and associated risks are considerably greater, though not necessarily
insurmountable.

i) Ramifications of spectrum harmonisation

Harmonisation within the Community comprises two main strands; equipment
harmonisation, as touched upon in the preceding section, and spectrum
harmonisation.

Spectrum harmonisation within the Community is underpinned by regulations and
recommendations arising from three main bodies: ITU-R, CEPT and EU. Within the
EU the issue is addressed both in the service specific Directives and Decisions (see
next section) and within the Framework Directive. As with equipment
harmonisation, European legislation offers both opportunities and constraints, driven
by the desire to maximise the extent to which interoperability and interference free
systems can be achieved within the Community.

Historically, harmonisation has been achieved under the auspices of the CEPT.
However, adherence to CEPT recommendations, and indeed ERC Decisions in the
first instance, is a voluntary matter for each NRA. Whilst common interests and
peer pressure have often made this an acceptable approach, the Commission
consider that such a situation is no longer sufficient or acceptable. Citing the need
for greater certainty on the part of major investors, the Spectrum Policy Decision
(SPD) states that “where policy agreement is reached to harmonise the use of radio
spectrum necessary to implement relevant Community policies, legal provisions
should ensure the appropriate implementation of measures by the Member States.”
It proposes that harmonisation issues continue to be addressed at a technical level
by the CEPT, with the Commission subsequently mandating that (where the results
generated by CEPT are acceptable) the Member States implement them (A6 —
SPD). The issues to be addressed will be determined by the Senior Official Radio
Spectrum Policy Group (created by the SPD) and may cover harmonisation of: the
use of spectrum, assignment methods, conditions for use, and availability of
information related to spectrum use.

The Group is constrained in its choice of bands for harmonisation by the Framework
Directive which indicates that Member States shall promote the harmonisation of
spectrum use “consistent with the need to ensure effective and efficient use thereof”
(A8 - FD). As noted earlier, the Article goes on to permit the transfer of rights to
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spectrum use — but specifically requires that harmonised spectrum does not change
use.

It is worth noting that some flexibility is provided for in A7.1 — FD, which enables
NRAs to contribute to the promotion of cultural and linguistic diversity, together with
media pluralism — perhaps thereby allowing the same (non-harmonised) frequencies
to be licensed for different applications in each of the home nations (England,
Scotland, Northern Ireland and Wales) dependent upon cultural and linguistic
needs.

i) Implications for specific bands

The service specific Directives impose some quite clear constraints on the use of
certain parts of the spectrum. Given that each Directive has the force of law in the
UK, these constraints may be considered immutable. However, the Directives all
arise from a desire to maximise the choice, quality and value of services available to
European citizens. Where markets are in decline, or have reached a plateau
without requiring their full anticipated spectrum requirements, as for example in the
case of ERMES, spectrum may perhaps be made available for alternative services.
As with other Directives, some aspects are less clear cut and allow some room for
interpretation.

1880 — 1900 MHz: DECT

The DECT Directive constrains use of the band, providing as it does for primacy of
DECT systems over all others. Furthermore, although pre-existing services are
permitted to keep operating on a non-interference basis, the Directive does not
allow for new services to enter the band, thereby reducing the flexibility available to
the Agency. Any system wishing to make use of the privileges associated with the
DECT Directive must conform to the European Telecommunications Standard for
digital cordless telecommunication systems. Given the deregulated nature of DECT
services and its widespread adoption in the consumer market it would in any case
be difficult to accommodate other services or technologies within this spectrum

169.4 — 169.8 MHz: ERMES

The ERMES Directive identifies four channels as being of particular importance (as
noted previously), with the remainder of the band needing only to be allocated to
paging should commercial demand so require. Although the Directive cites
preferred channels, these are not mandated; references to the need for co-
ordination between Member States suggests that some flexibility may be allowed. In
view of the limited market success of ERMES, the European Commission has
subsequently announced that administrations may allocate channels for paging
services other than ERMES. The Commission is re-examining the ERMES
Directive as part of the 1999 review of the telecommunications regulatory
framework.
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890 — 915 MHz and 935 — 960 MHz: GSM

The introduction of GSM services to Europe is often cited as an example of good
practice in regional regulation. The Directive foresees a market that reaches its
peak within ten years of the service coming into operation —i.e. by 2001, requiring
that the full allocation, 890 — 915 MHz and 935 — 960 MHz be made exclusively
available to GSM systems. In fact this full allocation was required some years ago
in many EU Member States, due to the success of GSM. It is hard to envisage any
part of the current allocation being relinquished by the GSM community, unless and
until third generation systems become as widespread and as commercially
successful as the second generation. Even then it is likely that GSM spectrum,
which has been earmarked internationally for the expansion of IMT-2000, will be
required to facilitate migration from 2G to 3G services . On a different tack, it is
interesting to note that the GSM Directive addresses spectrum that was, at the time
the legislation was passed, occupied by a variety of systems in different Member
States. The GSM approach, including wide consultation, early notification and
phased introduction enabled most Member States to refarm in a timely and
effective fashion (though the continuing presence of tactical fixed links in the GSM
1800 band has arguably hindered the development of GSM in France).

2 GHz: IMT-2000

The UMTS Decision mandates Member States to ensure that UMTS operates in the
frequency bands harmonised by CEPT, namely: 1900 — 1980 MHz, 2010 —

2025 MHz, 2110 — 2170 MHz (terrestrial), and 1980 — 2010, 2170 — 2200 MHz
(satellite).

NRAs are required to ensure that UMTS is organised “pursuant to European
standards for UMTS, approved or developed by ETSI, where available”, and that
licences allow trans-national roaming within the Community. However, within the
preamble, the Decision recognises that the voluntary application of standards
remains the default, with specific standards being mandated only when necessary to
ensure interoperability and to facilitate international roaming.

Both the R&TTE Directive and the WTO rules indicate that Member states cannot
specify that a single technology be used at a given frequency, unless it is possible to
demonstrate that use of multiple technologies will cause harmful interference.
“Harmful interference” is not however defined in quantified fashion.

1.6/2.4 GHzand 1.9/2.1 GHz: S-PCS

Satellite Personal Communication Systems (S-PCS) are another relatively recent
development within the telecommunications markets, a fact that is reflected in the
1997 Decision!¢ affecting their introduction and use. By the time of this Decision,

Extended, but unchanged by: Decision No 1215/2000/EC of the European Parliament and of the Council of 16
May 2000 extending Decision No 710/97/EC on a co-ordinated authorisation approach in the field of satellite personal

1320/AE/SMM/R/3



Market Mechanisms for Spectrum Management

A3.3

the paradigm shift that moved spectrum management away from being an
exclusively engineering preserve into one in which engineering and economics work
hand in hand, was well underway. This Decision therefore touches upon matters
that were not addressed by the earlier Directives. For example, when considering
licensing procedures, an extended time frame is allowed for NRAs using
comparative bidding procedures.

The S-PCS Decision requires that, where spectrum scarcity limits the number of
systems that can viably operate, Member States co-ordinate amongst themselves to
ensure that common systems operate across the Community. A new feature within
the Decision is the “one stop shopping” procedure outlined in the next section and
Annex F. In short, this results in applications / notifications being made to a
European body, from which the application / notification is forwarded to the NRA.
Arguably, this greater distance between the NRA and the applicant, may have a
detrimental impact on the relationship between the two.

The Directive expires on 31 December 2003.
Summary of relevant Directives and Decisions

The preceding sections have addressed the core Directives and Decisions affecting
spectrum management and regulation. However, a wider range of legislation /
proposed legislation exists, much of which is cross referenced within the texts
addressed above and in Annex F. For completeness the following table, showing
Directives then Decisions in chronological order, is provided.

communications services in the Community
Official Journal L 139, 10/06/2000 P. 0001 - 0001
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Directives

87/372/EEC
OJ No. L 196 17/07/87 pg.85

89/336/EEC
OJ No. L 139 23/05/1989 pg.19

90/388/EEC
OJ No L 192 24/07/1990, pg 10

90/544/EEC
OJ No. L 310 09/11/90 pg.28

91/287/EEC
OJ No. L 144 08/06/91 pg.45

94/46/EC
OJ No L 268, 19/10/1994, pg 15

95/62/EC
OJ No L 321, 30/12/1995, pg. 6

98/61/EC
OJ No. L268 03/10/1998

96/2/EC
OJ No. L 020 26/01/1996 pg 59

96/19/EC
OJ No. L074 22/03/96 pg13

97/66/EC
OJ No. L 024 30/01/1998 pg1

98/34/EC
OJ No. L 204 210/07/1998 pg 37

98/48/EC
OJ No. L 217 05/08/1998 pg 18

98/84/EC
OJ No. L 320 28/11/1998 pg 54

1999/5/EC
OJ No. L 091 07/04/99 pg.10

DECISIONS

710/97/EC
OJ No L 105 23/04/97 p.4

128/1999/EC
OJ No L 017 22/01/1999 pg 1

Council Directive 87/372/EEC of 25 June 1987 on the frequency
bands to be reserved for the co-ordinated introduction of public
pan-European cellular digital land-based mobile communications
in the Community

(GSM Directive)

Council Directive 89/336/EEC of 3 May 1989 on the approximation
of the laws of the Member States relating to electromagnetic
compatibility

(The EMC Directive)

Commission Directive 90/388/EEC of 28 June 1990 on
competition in the markets for telecommunications services
(amended by Directive 96/19/EC)

Council Directive 90/544/EEC of 9 October 1990 on the frequency
bands designated for the co-ordinated introduction of pan-
European land-based public radio paging in the Community

(The ERMES Directive)

Council Directive 91/287/EEC of 3 June 1991 on the frequency
band to be designated for the co-ordinated introduction of digital
European cordless telecommunications (DECT) into the
Community

(The DECT Directive)

Commission Directive 94/46/EC of 13 October 1994 amending
Directive 88/301/EEC and Directive 90/388/EEC in particular with
regard to satellite communications

(The Satcoms Directive)

Directive 95/62/EC of the European Parliament and of the Council
of 13 December 1995 on the application of the principles of open
network provision (ONP) to voice telephony

(The ONP Directive)

Directive of the European Parliament and of the Council on
interconnection in telecommunications with regard to ensuring
universal service and interoperability through application of the
principles of open network provision (ONP)

(The Interconnection Directive — (97/33/EC amended)
Commission Directive 96/2/EC of 16 January 1996 amending
Directive 90/388/EEC with regard to mobile and personal
communications

(The Mobile Directive)

Commission Directive 96/19/EC of 13 March 1996 amending
Directive 90/388/EEC with regard to the implementation of full
competition in telecommunications markets

(The Competition Directive)

Directive 97/66/EC of the European Parliament and of the Council
of 15 December 1997 concerning the processing of personal data
and the protection of privacy in the telecommunications sector

Procedure for information in the field of technical standards and
requirements in the Information Society (amended by 98/48/EC)
Directive 98/48/EC of the European Parliament and of the Council
of 20 July 1998 amending Directive 98/34/EC laying down a
procedure for the provision of information in the field of technical
standards and regulations

Directive 98/84/EC of the European Parliament and of the Council
of 20 November 1998 on the legal protection of services based on,
or consisting of, conditional access.

Directive 1999/5/EC of the European Parliament and of the
Council of 9 March 1999 on radio equipment and
telecommunications terminal equipment and the mutual
recognition of their conformity

(The R&TTE Directive)

Decision No 710/97/EC of the European Parliament and of the
Council of 24 March 1997 on a co-ordinated authorisation
approach in the field of satellite personal-communication services
in the Community

(amended 1215/2000/EC)

Decision No 128/1999/EC of the European Parliament and of the
Council of 14 December 1998 on the co-ordinated introduction of a
third-generation mobile and wireless communications system
(UMTS) in the Community
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A.3.4.1

A.3.4.2

Constraints from CEPT regulatory activities
Introduction

The UK plays an active role in CEPT, participating in all three of the principal ERC
Working Groups and many of the subsidiary project teams. The UK has committed
to implementing most ERC Decisions and follows many of its Recommendations, for
example relating to channel plans for fixed links and mobile services.

Impact of CEPT Decisions and Recommendations

Before considering CEPT Decisions and Recommendations in detail, it is helpful
firstly to clarify the nature of the two instruments. Unlike EU Directives, CEPT
Decisions and Recommendations (commonly referred to as ERC Decisions and
CEPT Recommendations) are not mandatory. However, when an Administration
agrees to implement an ERC Decision, the requirements of that Decision then
become mandatory in the Administration concerned as an International Obligation.
Recommendations are at all times for guidance only, although their adoption in
practice can lead to de facto constraints, particularly with regard to national
frequency allocations or channel plans. Whilst the EU has in recent years tended to
delegate significant aspects of frequency management to the CEPT, it should be
noted that, as identified earlier, this approach is based on an assumption that the
implementation of ERC Decisions will be on a sufficiently ubiquitous basis to
facilitate the EU's harmonisation objectives. Excessive delay in adopting Decisions,
or the failure of these to be adopted on a sufficiently widespread basis, may lead to
the EU taking a more direct interventionist approach in spectrum management, as it
has already done in the case of 3G mobile and as presaged by the draft new
Spectrum Decision.

What then is the likely impact of these Decisions and Recommendations?
Spectrum pricing

The ERC's Radio Regulatory Working Group (WGRR) has been addressing
spectrum pricing as part of its remit. Project team RR8 was first established to
address Fees and Charges. It issued a report on using spectrum pricing as a
spectrum management tool and has subsequently started developing a draft ERC
Report on refarming and secondary trading issues and other related topics as
indicated in the EU’s package of new directives. A draft document on the subject
was circulated at the WGRR plenary meeting in July 2000. It has also issued a
report on PMR pricing (early in 2001) and has recently issued a first draft on satellite
pricing. The UK has been closely involved in each of these pieces of work.

Refarming and spectrum trading

ERC has decided that secondary trading should be one of the issues it considers in
the context of spectrum refarming, and a draft report is currently being developed by
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WGRRY’., The ERC work will take into account developments in non-European
countries such as the USA and Canada, along with the potential interest in spectrum
trading among CEPT members. The draft report identifies spectrum trading as one
measure that might be used in refarming frequency bands (i.e. recovery of spectrum
from existing users for re-assignment either for new uses or new, spectrally efficient
technologies). It also notes that trading more generally facilitates more efficient use
of spectrum, by providing incentives for incumbents to relinquish spectrum they do
not require in favour of a new entrant who can make more effective use of it.

However, the report also flags up potential constraints which might prevent a
completely free hand in a trading environment, in particular the international and
technical factors assessed by the current study.

Dialogue with other European NRAs suggests that the UK is considerably more
advanced than other EU Member States in its thinking on spectrum trading. For
example, a number of Administrations have expressed the view that they would not
envisage change of use in a trading environment. There would seem to be a strong
case therefore for the UK to play an active role in the development of policy with
ERC at this formative stage, to ensure that its future options are not constrained by
adoption of excessively conservative approaches to European policy in this area.

ETO One stop shop facility

In 1996, the European Telecommunications Office (ETO) an administrative arm of
the CEPT, established a "One-stop-shop" facility to process licensing for satellite
and other liberalised telecommunications services on a pan-European basis. Where
adopted by individual NRAs, the OSS procedure provides licence applicants with
the following facilities:

= Asingle point of contact (ETO) for services providers wishing to provide
telecommunications services in different European countries.

= [nformation on licensing procedures in the different CEPT countries
= Asingle application form in English, common to all countries.

= A single document summarising the results of the procedure, with any licences
granted by different NRAs (National Regulatory Authorities) attached.

= A procedure where an answer is given to the service provider in no more than 9
weeks.

In practice, it is unlikely that the OSS would constrain flexibility in spectrum
licensing, since spectrum is subject to individual licensing, typically involving
selection on the basis of financial (auctions) or other (beauty contest) criteria. The
OSS could facilitate the trading process by providing a simplified and centralised
approach to telecommunications service licensing where this is required to utilise

17 "Draft ERC Report on Refarming and Secondary Trading in a converging world", Doc
CEPT/ERC/RR(01)071 Annex 2
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the spectrum which is being purchased. The UK joined the OSS procedure at the
end of March 2001.

Bilateral considerations

Radio signals do not respect national boundaries and it is therefore necessary for
the UK to co-ordinate its usage of the radio spectrum with its immediate continental
neighbours. In the case of some satellite and low frequency services, co-ordination
with countries further afield may also be required. However for terrestrial services
above 100 MHz, with which this study is principally concerned, co-ordination is
potentially required with the Belgian, Dutch, French and Irish administrations. The
UK has already entered into bilateral agreements with these countries for a number
of services, notably mobile services such as GSM, and the Band 3 analogue
trunked radio services. Similar bilateral agreements are also being negotiated for
the core IMT-2000 bands. Three different approaches have been taken, depending
on the nature of the services and spectrum being co-ordinated: these are
considered below:

i) Co-ordination between mobile and broadcasting services in Band Il
(174 - 225 MHz)

When the 405-line TV services was discontinued in the 1980's, the UK decided to
introduce a new public access mobile radio (PAMR) service in the spectrum that
was vacated (Band lll). Belgium, France and Ireland continued to operate analogue
TV services in this band however, and indeed still do so today. It was therefore
necessary for the UK administration to reach agreement with its neighbours on the
protection of these services. The approach taken to protecting the broadcasting
service in neighbouring countries was based on the determination of a cumulative
"nuisance field" determined using statistical methods developed by the CCIR
(forerunner of ITU-R). This cumulative figure would take account of all UK mobile
base station transmitters within up to 300 km of the neighbouring coastline or
border, although in practice interference would be dominated by the closest
transmitters.

The situation in Band Il was further complicated by the fact that narrow band

(12.5 kHz) mobile radio channels were being co-ordinated with broadband

(6 - 8 MHz) television channels, and that the protection requirements of the TV
channels were not constant over the channel bandwidth but varied by almost 20 dB
depending on proximity to the sound and vision carriers. Furthermore, each of the
neighbouring countries operated different TV standards, with different sound and
vision carrier frequencies. By careful partitioning of the band, so that base station
transmit sub-bands avoided as far as possible the most sensitive vision carrier
frequencies, the UK was able to maximise the use of the band for mobile services
but nevertheless the need to protect broadcast services in France, Belgium and the
Netherlands severely constrained PAMR network capacity in the South East and
arguably may have contributed to the difficulties experienced by the operators,
several of whom had to cease operations or merge with competitors over the years.
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The Band lll experience is an interesting one as it is likely to have parallels with any
attempt to refarm unilaterally the UHF broadcasting bands. This will be considered
in more detail in the corresponding case study.

ii)  Co-ordination between GSM services in the 900 MHz and 1800 MHz
bands

Because the GSM bands are largely common throughout Europe (notwithstanding
some outstanding non-GSM operations in the E-GSM and 1800 MHz bands) and
common standards are involved, the co-ordination process is greatly simplified. The
approach is defined in ERC Recommendations T/R 20-08 (for the 900 MHz band)
and T/R 22-07 (for the 1800 MHz band) and involves the agreed apportionment of
preferred channels or blocks of channels between the co-ordinating countries. Field
strength limits are defined which, for preferred channels, must not be exceeded

15 km inside the neighbouring country's territory and, for non-preferred channels,
must not be exceeded at the border. In coastal areas, the co-ordination is based
around a line midway between the two neighbouring countries. In practice,
variations on this approach (e.g. agreement of alternative field strength limits) may
be made. In the UK case, co-ordination typically involves preferred and non-
preferred blocks of 1 - 3 MHz. Co-ordination is also required between GSM and
other services, notably in the UK case between parts of the GSM 1800 band and
transportable fixed stations in France. These are conducted on a bilateral basis
taking account of the characteristics of each service (specific details are
confidential).

International co-ordination of GSM services is not in practice a major constraint on
the use of the GSM bands, since an increasingly large proportion of transmitters
serve micro or picocells, which by their nature cover small areas and operate at
relatively low power levels. Cellular planning requires intensive frequency re-use
over relatively short distances, hence techniques such as antenna downtilt are
generally employed, which further reduces the interference exported to
neighbouring countries. Optimum use of the available spectrum can be made by
operating macrocells on preferred channels and micro or picocells on non-preferred
channels. However, this approach may not be feasible if the GSM bands are
migrated unilaterally to 3G technologies such as wideband CDMA, since the 5 MHz
channel used for the macro layer may encompass both preferred and non-preferred
GSM blocks. This is considered in more detail in the case study.

iii) Co-ordination between 3G mobile services

3G mobile differs from GSM in that the radio frequency channels have much greater
bandwidth (5 MHz compared to 200 kHz) and the same radio channel is used in
each cell, relying on code division multiple access (CDMA) to differentiate between
different users. In practice, more than one radio channel is deployed (UK networks
have between three and four), but these are distributed between cellular layers
rather than between individual cells. In other words, if an operator has 3 radio
channels, it is likely to use one exclusively for all its macro cells, one for all its micro
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cells and one for all its pico cells. It is therefore not practical to co-ordinate on the
basis of preferred channels alone, and co-ordination on the basis of CDMA codes is
therefore proposed.

The approach is defined in ERC recommendation ERC/REC 01/01. This defines
field strengths above which co-ordination on the basis of CDMA codes is required,
and also allows for the possibility of preferred frequencies to be designated. This
might, for example, allow for agreement that a frequency used for macrocell
coverage be used for picocell coverage in a neighbouring administration, and vice-
versa. This would tend to minimise the likelihood of interference arising between
the two. Decision 01/01 also defines a "blanket" field strength level below which
non-CDMA systems may be operated without co-ordination. The field strength is
defined as anywhere within the neighbouring country.

As with GSM, the Recommendation allows for administrations to reach bilateral
agreements which differ from the criteria specified. Indeed it is noted in the
Recommendation that such bilateral agreements might typically lead to permissible
field strengths up to 15 - 20 dB higher than those specified.

The following table summarises the current use of the main bands of interest in the
UK and neighbouring countries. It can be seen that in most bands there has been
good progress towards alignment with the European Common Allocation Table
(ECAT).

However, significant differences exist in the use of some of the bands, for example
Band IIl which is used for broadcasting in all neighbouring countries, and the

28 GHz band which is used for FWA in the UK but for fixed links in neighbouring
countries. The migration from analogue to digital television is likely to take place at
different times in the different countries and may lead to different services being
deployed in Bands IV / V following the cessation of analogue TV transmission in one
or more countries. The introduction of new services in the bands is noted in the
ECAT and there would seem to be a good opportunity to initiate dialogue within
CEPT on how this band might be used in the most flexible manner, whilst protecting
the incumbent TV services. Clearly a co-ordinated approach to refarming part of the
band, in a similar fashion to that being pursued in the US would be beneficial.
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Market Mechanisms for Spectrum Management

B.1

B.2

B.21

MARKET BASED SPECTRUM MANAGEMENT IN NORTH AMERICA &
AUSTRALASIA

Introduction

This section draws out lessons for the UK from experience in the US, Canada, New
Zealand and Australia with respect to market approaches to spectrum management.
The specific questions addressed are

i) How does each country deal with requirements to comply with international
regulations and bi-lateral co-ordination of spectrum use in cases where
users have been given considerable flexibility in the services and
technologies that may be used in different bands?

i) What approaches have been used to define overlay rights?

iii) What information on assignments is publicly provided and how is this
information accessed?

iv) How is interference managed for tradable licences?

A description of the approaches to spectrum trading used in the different countries is
provided later in this section.

Constraints from international co-ordination & service /
technology flexibility

International Constraints

For the countries under consideration there are two levels of international constraint
that apply, namely the ITU Radio Regulations and requirements for bi-lateral co-
ordination. There are no mandatory or even voluntary harmonisation arrangements
that are comparable to those that apply in Europe through CEPT and the EU. The
table below summarises the situation in each of the four countries with respect to
international constraints on spectrum use. In all cases legislation concerning
radiocommunications gives the respective governments powers to enforce
compliance with the ITU RR. In New Zealand this was not made clear in the initial
legislation setting up the system of property rights in spectrum, but has since been
clarified in amendments to the legislation.
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Methods for Dealing with International Constraints

ITU RR Bi-lateral Co-ordination
us Government retains administrative rights over ~ Co-ordination required along north and south
spectrum and has powers to reallocate in line  borders.
with ITU RR
Canada Government retains sovereign rights over Co-ordination with US required
spectrum. Has powers to reallocate in line
with ITU RR
Australia Provisions in legislation for cancelling Only for very low frequencies (e.g. HF
licences and compliance with National Plan broadcasting) and satellites
and ITU RR
New Provisions in legislation for cancelling Only for very low frequencies (e.g. below
Zealand licences and requiring compliance with ITU 30MHz) and satellites
RR

Bi-lateral co-ordination does not come into play for Australia and New Zealand for
terrestrial services above 30 MHz, due their relative geographic isolation.

The US and Canada have co-ordination arrangements that involve one or both of
the following approaches

i) Block & Zone. This refers to the situation where within a predefined sharing
zone (typically 120km on each side of the border for the land mobile
service) spectrum blocks are identified for exclusive use of each country.
The size of the spectrum block allocated to each country is normally 50% of
the total spectrum everywhere except where demographic considerations
(i.e. relative populations) dictate differently.

ii) Power flux density (PFD) limit at the border.

In each case, the underlying principles in developing sharing agreements are the
same, namely:

1. to maximum the use of spectrum in each country,
to minimise possibility of interference,

to minimise burden of co-ordination on each regulatory agency,

w0 DN

where a limited number of operators provide service (e.g. Cellular/PCS), to
provide a general framework for spectrum sharing to the operators leaving the
responsibility of detailed co-ordination with the operators. The Government
Agencies (i.e. Industry Canada & FCC) provide for the resolution of any
disputes between the operators.

As in Europe, not all North American spectrum allocations are harmonised. For
example, in the US, the 220-222 MHz band is identified for mobile use and in
Canada it is used by amateurs. The frequency band 3400-3700 MHz is identified
for fixed wireless access (FWA) in Canada, shared in parts with radars, whereas it is
used solely for radars by the US Government. In the first case the Block and Zone
approach is used, whereas in the second case the sharing is technically complex
and requires use of interference mitigation techniques to share the spectrum

1320/AE/SMM/R/3



Market Mechanisms for Spectrum Management

B.2.2

between FWA and the radars. Even within the US, sharing between Government /
Military systems and commercial networks has proved particularly difficult, and is
continuing to delay the licensing of 3G mobile systems in the IMT-2000 bands.

Use of the broadcasting bands is also not the same in the two countries. For
example, in the US, spectrum for TV channels 13-20 (470-512 MHz) has been
available for use by mobile services in 13 major cities. These channels are
protected in the US/Canada border area for broadcasting use. Further, the US has
identified use of TV channels 60-69 for public safety and commercial mobile
services subject to transition of DTV. The Canadians appear to be following the US
approach in these bands18.

Service and Technology Flexibility

The trend is to provide flexibility in services and use of technologies in all the
countries reviewed. The absence of bilateral co-ordination constraints makes this
easier to achieve in New Zealand and Australia, although the small size of both
these markets means that services tend to be introduced after world market leaders
and they invariably adopt technologies developed elsewhere — particularly in the US
and Europe (Australia has both GSM and CDMA cellular networks, for example).
This also occurs the case in other small countries, such as Hong Kong, that are
more constrained by bi-lateral co-ordination requirements?e.

However, in both Australia and New Zealand potential flexibility is constrained by
the way spectrum is packaged for auction. This is done so as to facilitate the most
likely use or uses of the band under consideration and so does not result in a
technologically neutral outcome. Likely use is judged by the availability of
equipment and typical international use of the band. In Australia, "Standard Trading
Units" of spectrum are defined which are intended to accommodate all likely uses,
whereas in New Zealand larger packages of spectrum that are thought likely to have
immediate utility are put out to tender (e.g. TV channels in UHF broadcast bands,
blocks of cellular go/return channels in 800/900 MHz bands).

In the US and Canada decisions concerning the degree of service and technology
flexibility that may be offered are generally taken on a case by case basis. This
allows consideration of factors such as compatibility among the services allowed
within the band, availability of equipment, impact on other services in adjacent

18

19

Proposal to introduce mobile service on a co-primary basis with the broadcasting service in the
frequency band 746-806 MHz, Industry Canada. Protection criteria have been developed between
Canada and the US and are given in section 13 of the “Letter of Understanding Between the FCC and
Industry Canada related to the Use of the 54-72 MHz, 76-88 MHz, 174-216 MHz and 470-806 MHz
Bands for the Digital Television Broadcasting Service along the Common Border”. See
www.strategis.ic.gc.ca/SSG/sf05374e.html.

In Hong Kong the regulator takes a technology neutral approach to licensing. For example, US and
European systems have been deployed for 2G and Japanese and European cordless telephone
technologies are used.

1320/AE/SMM/R/3
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bands, co-ordination requirements etc. when deciding how much flexibility can be
offered to licensees.

As mentioned above, these considerations have resulted in some differences
between the US and Canada in the use of a number of bands. However, it would
appear that more often the development of services and equipment for particular
bands in the US results in demand for similar spectrum allocations in Canada.

B.2.3 Example: Canadian 24 and 38 GHz fixed service bands

Flexible, tradable and divisible licences to provide services in the 24 and 38 GHz
bands have been auctioned. The services provided must be fixed terrestrial
services, however services may be point to point or point to multi-point. There are
no restrictions on the type of service that may be provided or the technology that
could be deployed. Block licences were assigned (i.e. exclusive assignments of
blocks of spectrum within a defined geographic area). Boundary conditions for
interference protection were applied at the edges of licensed areas and emission
limits at the channel block edges. Individual transmitters need not be licensed but
technical and site information must be submitted to the NRA for international co-
ordination purposes.

Licensees were expected to use the spectrum to provide broadband fixed services
and so the frequency band structure was designed to accommodate this and the
use of equipment developed (or in some cases being developed) for the US market.
However, licensees have the flexibility to trade spectrum should market and
technology developments demand a different frequency configuration.

The bands are co-ordinated with the US where there is similar use of the bands.
The sharing zone is about 50km either side of the border.

B.2.4 Conclusions

All of the countries under review must comply with the ITU Radio Regulations.
However, these regulations allow a considerable degree of flexibility — far more than
is currently the case in the UK. The flexibility achieved in Canada and the US is
within the constraints posed by the need for bi-lateral co-ordination. The fact that
Canada tends to follow the US in its spectrum use makes this co-ordination easier
to achieve than would otherwise be the case (there are also fewer parties involved
than in the UK/ European case). Nevertheless differences in use do occur. In
these circumstances each NRA must make a trade-off between the spectrum
efficiency and equipment cost/availability advantages of harmonisation and the
economic and social advantages of supplying non-harmonised services that are
more highly valued in its own country than in the neighbour.

The UK will also have to make these trade-offs when deciding the degree of
flexibility to be offered to licensees. The spectrum efficiency cost tends to be lower
the higher the frequency range in question. The economic costs however depend
more on the distribution of population near borders and coastlines.

50 1320/AE/SMM/R/3



Market Mechanisms for Spectrum Management

B.3 Overlay Licences
B.3.1 Introduction

Overlay licences are licences for a block of spectrum which are encumbered by
existing licensees which typically have apparatus licences (i.e. site specific licences
such as fixed links or broadcast transmitters). The issues that need to be
considered in granting overlay licences are

i) The rights of incumbents to interference protection

ii) The duration of incumbents’ licences

iii) The new entrants rights to interference protection

iv) The grounds on which the new entrant may ask the incumbent to vacate the
spectrum

Analysis suggests that giving new entrants a right to move incumbents with
compensation, and/or giving incumbents a time limited right to stay is more efficient
than simply giving incumbents a right to stay. This means the new entrant may be
faced with the cost of relocation but is not held up to indefinite negotiations with
incumbents trying to extract the full value of the spectrum.20

Overlay licences have been awarded in all four countries reviewed. The
arrangements in each case are described below. They have the following common
features

e Incumbents' rights are time limited (2-5 years)

¢ Incumbents must be paid compensation to vacate the spectrum before their
licences have expired

o New entrants must offer incumbents the same interference protection as they
had originally whilst they remain within the spectrum

e New entrants are similarly given the same level of protection from interference
as would other site licensees in the band

B.3.2 US approach to overlay licences

The FCC is moving from site-by-site to geographic area licensing via overlay rights.
This in part this reflects a change of use from radio relay services, licensed on a
link-by-link basis, to area exclusive services such as PCS and FWA. Overlay
geographic licensees must protect adjacent area licensees and incumbent site-by-
site licensees from interference. Site-by-site licensees must protect other site-by-
site licensees and overlay geographic licensees. Both overlay and site by site
licensees must comply with service specific rules. Incumbents may not expand
existing site-by-site service beyond existing interference contours.

20 Efficient Relocation of Incumbents, P Cramton, E Kwerel, J Williams; University of Maryland and the
FCC. October 1996.
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Incumbents' rights to stay have typically been time limited. For example, incumbent
microwave link users were given 3 years to stay in the case of broadband PCS
extended to 5 years for public safety incumbents. Negotiation was voluntary initially
and mandatory in the final year. Perhaps not surprisingly some public safety users
were able to negotiate very favourable arrangements for moving.

B.3.3 Australian approach to overlay licences

Overlay rights have been created in bands where new allocations have been made.
By law incumbents have a minimum of 2 years notice to vacate the spectrum, but
have no right to compensation. During this two years the NRA works with the
incumbents to find suitable new spectrum, or the new entrant may buy them out.
Although the NRA expects new entrants to try and accommodate incumbents, in
practice most prefer to buy them out.

B.3.4 New Zealand approach to overlay licences

Management rights were created which allowed users to manage blocks of
spectrum. Any incumbents in these blocks were given "incumbency" rights, i.e. the
right to retain a licence under the new management right if they had an apparatus
licence at the time the management right was created and in some cases if they had
a licence before 1° July 1989. For TV, radio and mobile telephony spectrum these
incumbency rights are 20 years in duration and are subject to payment of a
"resource rent". Otherwise incumbency rights are 5 years duration and no rental is
paid.

B.3.5 Canadian approach to overlay licences

Industry Canada’s Spectrum Transition Policy recognises the need to provide a
"reasonable period of notification" for the displacement of incumbents. The
notification period is a minimum of two years. In the case of PCS licences which
were auctioned with incumbent fixed link users, incumbents that had been operating
for less than 10 years were given a 4 year notification period, while others had a two
year notification period. New entrants were allowed to negotiate with incumbents to
move before the end of the notification period.

B.4 Public availability of information on spectrum licensing

In Australia and New Zealand there are publicly available on-line databases of
assignment information for spectrum and apparatus licences?!. These facilitate
trading and the registration of legal entitlements to use spectrum. In Canada there
is a publicly available database of licences auctioned and corresponding licensees.
A similar situation applies in the US. With the advent of spectrum leasing the FCC
recognises the need for more detailed databases containing assignment
information, and has proposed that this should be managed by the private sector.

21 In Australia the database may be purchased on CD-ROM.
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B.5

B.6

B.6.1

Interference management

The management of interference for tradable spectrum licences in the countries
under consideration involves specification of the following:

e Boundary conditions — frequency and geographic
e Conditions that apply to devices / equipment and their location

e The approach to ensuring compliance with interference and equipment
requirements

e Allocation of responsibilities for compliance
e The approach to handling and resolving disputes

Some information is given in the table towards the close of this section. One point
to note is that in Australia and Canada the approach is based on building up from
geographic and (only in the case of Australia) frequency blocks, whereas in the US
and New Zealand such standard "building blocks" are not specified. Rather area
and frequency parameters are defined on a case-by-case basis for lots auctioned
and then licensees have freedom to partition/disaggregate spectrum as they wish
subject to meeting specified overall interference constraints.

Concerning the allocation of responsibilities for interference management, in all
cases licensees are expected to resolve disputes but if this is not possible then
some form of arbitration applies. Resolution of disputes through the courts was tried
and found not to work in New Zealand.

Approaches to Spectrum Trading and Secondary Markets
USA

Since 1996 the FCC has been introducing measures to encourage secondary
markets in spectrum as a way of promoting more efficient use of spectrum. The first
set of measures comes under the general heading of partitioning and
disaggregation rules. The second broad set of measures comes under the heading
of spectrum leasing.

Partitioning and Disaggregation

Partitioning and disaggregation rules allow licensees to divide their licences by
geography and frequency respectively. They apply in the following services:
cellular, PCS, MDS, 800 and 900 MHz specialised mobile radio (SMR), 39 GHz
fixed link services, wireless communications services and general wireless
communications services (GWCS).

The level of activity promoted by these rules so far is not great. C Bennet, counsel
to the Rural Telecommunications Group (RTG), notes that “less than one-tenth of
one percent of licences auctioned by the FCC have been through the partitioning or

1320/AE/SMM/R/3
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the disaggregation process”.22 She suggests there is no incentive on licensees to
partition or disaggregate their spectrum. Three main reasons are given:

e Carving up the spectrum devalues the asset (and licensees may have a view to
later sale)

e Licensees may want to serve the area in the future
e Even if they are interested in trading, transaction costs are often too high

R Shiver of Securicor also notes that partitioning and disaggregation are an
imperfect substitute for spectrum leasing. He makes the point about devaluing his
company’s assets by breaking them up. Attempts to extend coverage through
management agreements between the licensee and local providers also have high
transaction costs. This is partly due to the rules laid down under the FCC’s
"Intermountain Decision" concerning what is and what is not a transfer of control.
The current process takes a minimum of 3 months. The steps involved are

i) File an application for transfer of control for part of whole of a licence
holding

i) There is a 30 day public notice period during which objections may be
lodged

iii) If there are no objections, consent will be granted in 90 days

iv) If there are objections the process could take from 6-12 months and even
longer.

The FCC is now proposing to modify the rules. Nevertheless, it is thought that
disaggregation/partitioning policy has not worked as well as intended and that other
ways of stimulating secondary markets are required.

Spectrum Leasing

The FCC has made proposals for spectrum leasing which it is currently consulting
on. The final shape of the regime will not be known until the end of 2001. In broad
terms the proposals envisage the creation of flexible arrangements for spectrum
leasing which leave most but not necessarily all responsibility for compliance with
interference, service and technical regulations with the licensee. In order to realise
this enhanced flexibility the FCC proposes to relax a range of technical and service
rules. The proposals are summarised in the table that follows.

There are many issues for which answers are required, including the balance of
rights and obligations between the licensee and the lessee and the extent to which
the FCC should have a role in approving transactions. Some respondents have
argued that lessees should be responsible for interference and other obligations in
those cases where they are running systems. While the 1934 Communications Act
envisages the FCC playing a considerable role in ensuring the spectrum is well

22

54

Transcript of the Public forum on Secondary markets in Radio Spectrum, May 23, 2000
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managed, this is at odds with current policy aimed at facilitating market
arrangements with low transaction costs.

The FCC has not proposed a system of property rights mainly because users prefer
a leasing approach and also partly because a property rights approach would not be
feasible under Section 301 of the 1934 Communications Act. The purpose of the
Act is to “maintain the control of the United States over all the channels of radio
transmission” and “to provide for use but not the ownership thereof”. Licensees
must therefore waive claims to use any frequency as against the regulatory power of
the US.

Nevertheless, it should be noted that licensees providing public services in effect
have their licences in perpetuity. Ten year licences are auctioned but then can be
renewed repeatedly for 10 year periods. Licensees would only be displaced if the
service was discontinued (e.g. as with analogue mobile and TV services).

Canada

In Canada, licences assigned through auctions have what are called enhanced
privileges. These include rights to divide and transfer licences if certain conditions
are met. The conditions are:

o All eligibility criteria and licence conditions that apply to the licence, including
those related to interference management, will continue to apply if the licence is
transferred

e Compliance with any spectrum caps imposed by the NRA
e Duration of new licences is that time remaining on the original licence

o Written notification of transfers and documentation attesting that the above
conditions have been met must be submitted to Industry Canada

There are no plans to extend these privileges to other licensees who generally have
apparatus and not spectrum licences.

Auctioned licences offer the maximum service and technical flexibility possible
within the Canadian spectrum plan. Boundary conditions define interference that
may be caused and received, though users are encouraged to augment these
conditions so as to maximise their use of spectrum. Industry Canada (IC) maintains
a publicly accessible database listing all auctioned licences and the current
licensees.

The Canadian government retains sovereign rights over the spectrum and can,
under Section 40 of the Radiocommunications Act, implement any reallocation
required under international regulations (or to meet national security concerns).
Government has committed to renew licences (which have a 10 year duration)
unless they are breached, a reallocation is required under ITU regulations or there
are overriding policy factors (e.g. national security requirements for the spectrum).
IC will start consultations on renewal no later than 2 years before the end of the
licence term.

1320/AE/SMM/R/3
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B.6.3 Australia

Australia has adopted a property rights approach to secondary trading in bands
where spectrum has been auctioned. Spectrum blocks are built up from
fundamental trading units called Standard Trading Units (STUs). The size of an
STU varies by band and depends on the services likely to be provided. A technology
neutral approach to spectrum licensing is adopted. A mix of US and European
technologies are used, for example, for cellular services.

Third party use of spectrum held by a licensee is permitted. Apparatus licences,
which are issued on a first come first served basis, are also tradable. The
Government retains the right to vary or cancel licences (in some cases with
compensation) and this ensures that ITU obligations can be met if this is not already
the case. In practice, there has been relatively little trading to date. This is not
surprising given the abundance of spectrum for both existing and new services.

B.6.4 New Zealand

A property rights regime has been adopted involving two tiers of rights —
management rights and licences. Third party use of licensed spectrum is also
permitted. Most of the management rights are still held by the Crown, which also
owns the frequencies. Requirements for compliance with ITU regulations are made
explicit in legislation and licences. There has been very little trading between users
and no shifts between uses, probably for the same reason as in Australia.
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AEgis Systems Limited / Indepen Consulting Limited

TECHNICAL FACTORS AFFECTING SPECTRUM MANAGEMENT

Introduction

The most important tenet of the Radio Regulations is that the spectrum, being a
limited resource, should be used efficiently and equitably. In order to achieve this
the main technical consideration concerns the interference environment and its
relationship with the technology employed.

Use of the radio spectrum is dependent on frequency, spatial location, time and
signal separation. Sharing is accomplished when one or more of these dimensions
provides sufficient isolation. The following table shows some of the methods which
can be used to facilitate sharing, a number of which have been formally recognised
by the ITU (ITU-R Recommendation SM.1132-1, “General principles and methods
for sharing between radiocommunication services or between radio stations”).

Frequency separation

Channelling plans

Band segmentation
Frequency agile systems
Dynamic sharing:

= dynamic channel
assignment (1)

Frequency division
multiple access (FDMA)

Control of emission
spectrum characteristics

Dynamic variable
partitioning

Frequency tolerance
limitation

Methods to facilitate sharing

Spatial separation

Geographically partitioned
allocations

Minimum site separation
for co-channel systems

Antenna system
characteristics:

. adaptive antenna
and polarisation
discrimination

. antenna pattern
discrimination

Spatial division multiple
access (SDMA)

Physical barriers and site
shielding

Time separation

Duty cycle control

Dynamic channel
assignment (1)

Time Division Multiple
Access (TDMA)

Synchronisation of co-
frequency TDMA systems

Collision avoidance
protocols (“listen before
transmit”)

Signal separation

Signal coding (2) and
processing

FEC
Interference rejection

Code Division Multiple
Access (CDMA)

Spread spectrum:

= direct sequence

. frequency hopping
. pulsed FM

Interference power /
bandwidth adjustments:

. co-channel

= dynamic transmitter
level control

. PFD limitation and
power spectral
density (PSD)
limitation (energy
dispersal)

Antenna polarisation

M Dynamic real-time frequency assignment facilitates sharing by simultaneously using frequency and time
domains. Therefore, this method is shown in both columns.

&) Coding techniques may also be applied to frequency, spatial and time separation technology.

Spectrum management aims to provide an acceptable interference environment and
at the same time ensure that the spectrum is used efficiently. From a purely
technical point of view spectrum utilisation (for an application) can be defined in
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C.2

terms of the bandwidth used, the space (area or volume) taken up2? and the time for
which it is used. The spectrum efficiency is then the amount of information
conveyed over a distance related to the spectrum utilised.

Interference considerations
The effect of interference of one system on another is determined by:

= the transmit characteristics of the interfering source (including the transmitter
power level, bandwidth, modulation characteristics, height / directionality of the
antenna and location)

= the propagation behaviour of the transmission path along which the interfering
signal travels (bearing in mind that this is not necessarily line-of-sight and
maybe due to anomalous propagation conditions) including terrain / clutter and
climatic conditions

= the characteristics of the receiver experiencing the interfering signal (including
the level of the wanted signal received from its associated transmitter?4, the
noise floor of the receiver, the receiver bandwidth and the modulation
characteristics being used, height / directionality of the antenna and location)

= the availability requirements of the wanted link and how these are related to the
demodulator behaviour in the presence of noise and interference — these
requirements often translate into long term and short term levels of permissible
interference, where the latter is due to anomalous propagation or the dynamic
behaviour of one or other system.

The above fundamentals relate to single entry interference. In the case where the
interference is due to multiple sources it is necessary to aggregate the interfering
power. In addition it is not necessarily the case that the situation is static. Other
factors that therefore need to be considered include the mobility of sources and
victims, their density and distribution.

These basics apply to the situation where co-frequency operation is being
considered (including the case where the transmit channel of the interfering source
overlaps with the receiver channel). The situation also applies with respect to
a