8 COMMERCIAL SERVICES

8.1

8.2

8.3

8.4

Introduction

Demand for spectrum for commercial uses has grown considerably in recent
years, particularly in the telecoms sector. Growing use of mobile phones, for
instance, has led to both a direct increase in the demand for spectrum, and
an indirect increase through rising demand for support infrastructure, e.g.
fixed terrestrial links, which use spectrum. The technological changes outlined
in Chapter 2 meanwhile have meant that many telecoms operators are able
to offer services which were beyond their capabilities only a few years ago,
e.g. internet access over mobile phones. Such changes are likely to accelerate
in the next few years, further increasing the demand for spectrum.

The extension of market-based spectrum management tools in the
commercial bands should help improve the efficiency of spectrum utilisation.
In particular, the review considers that:

e operators should have greater flexibility to decide which services they
offer to consumers;

e® spectrum trading should be introduced once legislative changes
make it possible;

e auctions should be used to assign spectrum between competing
users; and

e administratively set prices should be raised to the full opportunity
cost level.

The rest of this chapter describes how these broad recommendations,
developed in Chapter 7, can be applied in particular segments of commercial
spectrum use.

Public mobile telecoms
Flexibility over usage

Public mobile telecoms include both voice and data services delivered via
public paging and mobile phone networks. The majority of spectrum for
public mobile telephony is subject to EU or CEPT decisions harmonising the
use of particular frequencies to specific technologies. For example, spectrum
for Second Generation mobile phones has to employ GSM-standard
equipment. More recently, the spectrum identified for 3G mobile systems is
required to deploy apparatus using IMT-2000 standard radio interfaces, which
offer more choice in the technology used.

The review believes that consumer interests are best served if the users of
spectrum have maximum flexibility to decide how they use spectrum. In order
to achieve this, new licences which are assigned to public mobile users should
have minimal restrictions on the technology which can be used within the
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bands, on the services which can be provided, and on the pace with which
services are deployed. Existing licences should also be modified to allow
greater flexibility for operators in each of these areas.

Harmonisation decisions taken at the European level may, on occasions,
unnecessarily limit the technology which can be deployed within some bands.
The review believes that the UK should seek early retirement of harmonisation
decisions which have outlived their usefulness, such as the ERMES public
paging directive. The GSM harmonisation directive, which has now served its
purpose, should also be phased out. This would provide operators more
flexibility in the range of technologies and services which can be deployed,
allowing them, for example, to decide whether and when they wished to use
2G spectrum to provide 3G services. Any alterations to extant licences should
clearly be subject to the commitments given by the RA at the time of the
3G spectrum auction. The review considers that the mobile network operators
are in the best position to decide whether or not their customers should
continue to use 2G spectrum, or alternatively migrate to 3G services.

Spectrum trading

The review recommends that spectrum trading be introduced as soon as
practicable for all public mobile telecoms spectrum. Trading could bring
significant benefits by allowing operators to tailor their spectrum licences to
their specific needs, and enabling new entrants to obtain spectrum for
innovative services using compatible technology.

Where licences had previously been assigned by comparative selection and
are now subject to spectrum pricing, licences should be converted to tradable
form. Ofcom could continue to impose spectrum prices in the early years
following the introduction of trading to provide ongoing financial incentives,
or to address concerns about windfall gains accruing to licensees.

Auctions

Five licences for 3G mobile telecommunications services were assigned by
auction in early 2000. Four network operators meanwhile use the spectrum
licences for 2G mobile services which were assigned through comparative
selection, and which are now subject to incentive pricing. As well as ensuring
that the 3G licences went to the users who could deliver most value from
them, the auction process is also likely to spur faster rollout of services as
holders of licences strive to maximise returns before their licences expire at
the end of 2021. The review endorses the view of the National Audit Office
which stated in its report on the 3G auction' that compared with other
methods of assignment, auctions ‘can be more transparent, objective and
relatively cheap to administer’.

' The Auction of Radio Spectrum for the Third Generation of Mobile Telephones, Report by the Comptroller and Auditor
General, HC 233 Session 2001-2002, October 2001.
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The review considers, therefore, that auctions should be used to assign any
new spectrum identified for commercial mobile services. Additional spectrum
may be available for 3G use in the future. Some of this (the so called 3G
expansion bands) is located at 2.5 GHz, and is currently used for broadcast
programme-making. The possibility of relocating the current users of the
bands is being explored by the RA. If this is done, the review recommends
that the spectrum licences be sold through a competitive auction with no
restrictions on use other than those necessary to meet international and
technical constraints. The existing 3G operators would then have an
opportunity to bid for it, as would potential new entrants.

Pricing

Incentive pricing has been applied in the public mobile telecoms sector, but
some signs of congestion remain®. Some areas are more congested than
others, but in all cases, the review considers that users of spectrum should
pay the full opportunity cost price, which would vary by location.

The review recommends, therefore, that following implementation of the
current phase of incentive pricing, prices for public telecoms operators should
be raised to the full opportunity cost level over a period of two to three
years, following a re-evaluation of the price levels implied by the Smith-Nera
methodology.

Recommendation 8.1

Auctions should be used to assign spectrum available for public telecoms use.
Where spectrum pricing is currently used, prices should be raised to the full
opportunity cost levels. Once spectrum trading is introduced, public telecoms
operators should be able to trade spectrum subject to international constraints.

8.12

Licence-exempt spectrum use

Some types of radio equipment have been exempted from the requirement
for individual licence under the WT Act, by Regulations made under Section
1 of the Act. Use of specified types of device without a licence is on the
understanding that the equipment shall not be provided with the same
protection from interference that would otherwise be available to licensed
services. Factors involved in determining exemptions include:

e the particular frequency allocated for transmission;
e the power of transmission;
e the use to which equipment is put;

e the compliance of equipment with agreed national or international
standards; and

e the need for the equipment to be protected from interference from
other authorised users.

2 (Draft) Strategy for the Future Use of the Radio Spectrum in the UK, Radiocommunications Agency, November 2001.
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Many users of spectrum are thus exempt from individual licensing. In the
case of user terminals (such as mobile telephones or televisions), this is
because spectrum use is controlled by the licence granted to the system
operator. The other broad category of licence-exempt spectrum uses are those
where the propagation of radio signals (defined by the permitted power levels
and technology standards for the band) is judged to be so localised that they
do not materially interfere with other spectrum users. In other words, the
costs of regulating via licensing outweigh the potential benefits. These uses
are typically confined to bands which are dedicated to licence-exempt use,
often those which had originally been designated for industrial, scientific and
medical uses.

Use of licence-exempt spectrum is on a non-interference, non-protected basis.
Users of such deregulated spectrum must not cause interference to other
authorised spectrum users, nor can they claim protection from interference
from such services. With short-range propagation and few devices in any
given location, the risk of interference caused by such low power licence-
exempt spectrum use has historically been relatively low. At the same time,
the absence of regulations covering receive-only equipment has meant that
in some cases equipment can be very vulnerable to interference from other
services. Technology now offers the prospect of increasing the intensity of
spectrum use in these unregulated bands through the use of systems which
are automatically self-protecting and ‘polite’. By dynamically selecting
channels, these avoid interference coming into the band and minimise
transmitting over other signals within the band.

Licence-exempt spectrum provides an alternative paradigm to regulating for
economically efficient spectrum use. Instead of minimising harmful
interference through exclusive access to spectrum, the regulator enables
multiple re-use of the same spectrum space by limiting the geographical
coverage of transmissions. This provides significant flexibility for users, which
in turn creates demand for innovative applications of radio technology within
these bands. Technology developments are increasingly enabling more
valuable broadband applications to be delivered across licence-exempt
spectrum.

At present in the UK, use of licence-exempt spectrum for the provision of
public access communications systems is prohibited under WT Act regulations.
Recent studies for the RA® (summarised below) have assessed the impact of
alternative regulatory strategies in this area.

* Spectrum Management Strategies for Licence-Exempt Spectrum, report for the RA by Mason Communications Ltd and
DotEcon Ltd, November 2001.
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Deregulation of licence-exempt spectrum

Technical analysis

Both public and private use of radio local area networks (RLANS) in the 2.4 and 5 GHz
bands is feasible from a technical perspective. The use of mesh FWA systems in the 5
GHz bands appears feasible if geographic limitations, to rural and suburban environments,
can be ensured. The lack of progress on standardisation means that no conclusions can
be drawn for the 3G licence-exempt band from 2010 - 2025 MHz. The use of the 1.9
GHz DECT spectrum to offer licence-exempt public and private services appears technically
feasible, assuming systems conforming to the current DECT specifications are employed.
Use of higher gain antennas to deploy wireless local loop services in this band would
cause potential problems to current and future users of DECT for telephony. Overall, if
systems with homogeneous operating characteristics (i.e. with similar bandwidths, EIRPs,
etc) using ‘polite’ technologies are employed, then generally more benign sharing
situations will result.

Economic analysis

Given reasonable take-up and pricing assumptions, it is considered that allowing the
introduction of RLANs would generate a very substantial consumer surplus in the order
of £500 million per annum for the UK. The overall impact on economic welfare is likely
to be of a similar order to this, regardless of whether market conditions are effectively
competitive or not. The technical analysis suggests that allowing public access use of the
2.4 and 5GHz bands is likely to generate minimal additional interference costs for existing
users. In particular any such costs (including possible costs for existing users of SRDs) are
very unlikely to exceed these benefits. Overall, this strongly suggests that allowing public
access systems to use licence-exempt spectrum is likely to be beneficial, but that certain
conditions ought to be put in place in order to make sure that congestion and interference
are minimised. Where there may be difficulties in accommodating all possible uses of
unlicensed spectrum, priority should be given to services meeting new demands rather
than those substituting for similar existing services supplied by other means. This may
imply giving greater priority to RLANs than FWA systems to the extent that the demands
they make on unlicensed spectrum conflict.

8.17 The review agrees with the conclusions of this study that there are significant
consumer benefits which this highly innovative and ubiquitous use of
spectrum can bring. The potential drawbacks of this regulatory approach are
that the quality of transmissions cannot be guaranteed, and the utility of the
spectrum may ultimately be degraded through excessive use. The review
considers, though, that a combination of market forces and regulation is
capable of resolving these challenges:

e users will decide between licence-exempt and licensed spectrum use,
depending on the quality of service they require;

e interference from local congestion is often internal to a user’s
premises and can therefore be regulated by that user; and

e ultimately, if particular bands show signs of becoming congested,
then manufacturers can improve the resilience of radio equipment
to interference and regulators can restrict the propagation of signals
through power limits.
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The review therefore considers that further liberalisation of use of licence-
exempt bands, by opening up such spectrum to a range of technologies and
services, is likely to deliver significant consumer benefits.

Recommendation 8.2

The current constraint on the use of licence-exempt bands for the provision of
public access communications services should be removed as soon as possible.
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Finally, the review believes that there is also significant future potential for
some of these licence-exempt services at frequencies above 50 GHz, due to
the associated propagation characteristics of that spectrum (i.e. high levels
of attenuation which limit interference to very localised areas). Up to now
technological constraints have been a limitation. These propagation
characteristics also render this spectrum valuable for other services, such as
space science and fixed services.

Private mobile radio

Private mobile radio (PMR) is a broad term which covers a wide range of
different services including voice, paging and data services which are provided
to a closed-user group. Private mobile radio is a complex licence sector, with
over 55,000 licensees across the UK including a large number of emergency
service and other public safety operators. The services use spectrum in a
selection of bands from 26 MHz to 5.8 GHz.

The RA currently issues a wide variety of licences tailored to the spectrum
use defined under the licence. Frequency planning is primarily managed by
the RA, to enable a large number of localised users to share a given national
channel. Demand for spectrum in this sector is rationed by the RA, through
the application of spectrum prices and the careful assignment of licences. For
some bands, spectrum management is devolved to organisations catering for
the radio needs of defined groups (such as the utilities). Although some PMR
users have begun to start using public telecoms systems, many prefer to
remain within the PMR bands because of cost advantages and the availability
of added functionality.

The use of PMR remains high and congestion continues to exist in a number
of different PMR bands. The RA has stated that it is seeking to make available
more spectrum for PMR use, including spectrum used for military purposes
in the 410-430 MHz band, and spectrum at 450-470 MHz currently used by
emergency services. But it is not yet clear when such spectrum might be
made available.

One measure which could help relieve congestion in the shorter term is to
encourage PMR users to move to more spectrally efficient technologies such
as digital equipment. Such equipment may also allow PMR users to roam
onto public mobile systems which would create much more flexibility for the
users. The review considers that such moves could be supported through the
application of market-based spectrum management tools in the PMR sector.
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Although spectrum pricing for PMR users was introduced in July 1998, prices
have not yet reached the full opportunity cost levels. The review recommends,
therefore, that given the continuing congestion in certain areas, administrative
prices for PMR users should be raised to the full opportunity cost levels (see
Chapter 7).

The review also considers that licensees should be given the ability to use
the spectrum within their licences for a wider range of purposes than hitherto.
It is recommended, therefore, that restrictions in licences unrelated to
interference management be removed. Trading would also help in creating
more efficient usage and the review recommends therefore that once trading
is made possible, PMR licences should be converted to tradable form. With
the publication of a frequency assignment database, these steps should enable
a market to develop in spectrum currently allocated to private mobile radio.

The introduction of spectrum trading will allow PMR users to sell their licences
if they wish. Trading would also enable the emergence of band managers for
PMR spectrum, if that were supported by market demand. As discussed in
Chapter 7, these band managers could create greater flexibility over spectrum
use and encourage more efficient use. Band managers for PMR spectrum
could emerge by purchasing spectrum from a number of different users to
create a broader licence. The band managers would be able to charge a fee
for the right to use the spectrum to the current licensees, who could retain
their existing rights to spectrum use and effectively become lessees of the
commercial band manager. The band manager could then use or lease any
additional spectrum included within the licence.

Another means of creating competing national band managers for a range
of PMR bands would be to auction spectrum in these bands. The review
believes it would be useful for the RA to conduct an early experiment along
these lines in one or more PMR bands. If successful in enabling innovative
and intensive use of spectrum, this approach could ultimately be extended
across the majority of PMR spectrum.

The review considers that there would be significant benefits for PMR users
if they were given greater flexibility over how they obtain spectrum. As well
as being able to choose between using a public telecoms network or PMR
spectrum from the RA, the introduction of spectrum trading would allow PMR
users to obtain spectrum from other PMR users, or from a number of
competing band managers who may choose to offer equipment and/or added
value services. Also, there would be efficiency gains for the broader economy
as there would be greater flexibility over how spectrum could be used.

Recommendation 8.3

Current restrictions on the use of PMR bands should be removed, and PMR
licences should be made tradable. Area licences should be auctioned in a number
of different bands. This approach could, if successful, be extended across the
majority of PMR spectrum.
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Fixed terrestrial services

Another major use of spectrum is in the provision of fixed terrestrial services
for infrastructure and access networks for telecommunications and
broadcasting systems. The ITU has allocated a large number of frequency
bands for such use, within the broad category of fixed services. In the UK,
the RA licenses a number of these bands, ranging from around 1.4 GHz to
58 GHz, for fixed terrestrial services. Some of the spectrum is used to provide
point-to-point fixed links, whilst another use is to provide fixed wireless
telecoms services to homes and businesses. The RA currently makes individual
assignments for fixed links licences, and assigns exclusive geographical area
licences for fixed wireless access, such as the ongoing auction for regional
28 GHz licences for broadband services.

Flexibility over use

The spectrum in each of the bands used for fixed terrestrial services has its
own particular characteristics (e.g. bandwidth, propagation distances). This
means that some bands can be used for certain purposes (e.g. broadband
services) while others cannot. Nevertheless, the international allocations for
fixed services offer some scope in terms of the types of systems which can
be deployed. For example, the bands can be used to deploy either fixed
point-to-point links or point-to-multipoint fixed wireless access services.

At present, however, the RA imposes limits beyond international restrictions
on the use some of the bands. For example, spectrum at 28 GHz has been
allocated by the RA for broadband fixed wireless access (BFWA) only. This
means that licensees are prevented from deploying fixed links for purposes
other than their own infrastructure network. Some regional licences in the
band were assigned following an auction in November 2000, but most remain
unsold, despite being made available in a further award process which began
in October 2001. The inability to date to sell all the licences is partly due to
the downturn in the telecoms sector. But it also demonstrates that it is
impossible to create a consumer demand for a service (in this case, broadband
services) simply by reserving spectrum for it. Reserving spectrum for a
particular service where demand for that service is either unproven or limited
means that the spectrum cannot be used for anything else, and hence
potentially lies fallow.

If greater flexibility were allowed, operators could decide whether they wished
to deploy BFWA services within some of the licence area, and fixed links
within the rest. Alternatively, operators may decide to use all the spectrum
for fixed links, unless and until a proven demand for BFWA services emerged.
It may also be the case that in some parts of the country, the best commercial
option is to use the spectrum for BFWA, whilst in others the commercially
viable option is to use the spectrum for fixed links. Designating spectrum for
only a subset of the possible services, therefore, risks hindering the
development and deployment of new kinds of services - something which is
clearly not in the interests of consumers. The review believes that providing
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operators with extra flexibility in use and trading of the spectrum will
encourage the deployment of a range of complementary broadband access
and other fixed wireless technologies. This approach will enable operators to
respond directly to the changing market demands for broadband and other
telecoms services.

The review considers therefore that the existing assigned and unassigned
licences for the 28 GHz spectrum should be modified to allow the commercial
deployment of fixed services other than BFWA, within the geographic and
frequency bounds of the licences. Interference management within and at
the boundaries of the licence would remain the responsibility of the licensee,
subject to co-ordination requirements embedded within the licence terms.
Licensees in other bands used for fixed wireless access should also have their
licences modified to allow the deployment of other fixed systems, taking into
account international obligations and technical considerations.

Trading

Once spectrum trading has been introduced, licences for fixed services should
be varied to allow it. This will create greater flexibility over the usage of
spectrum. Possibilities for trading fixed links are limited since individual fixed
links are, by definition, specific to two defined end points, both of which are
often owned by the link operator. It should be possible, however, to trade
individual links, which would allow operators to reconfigure their networks.

One way of increasing flexibility, however, may be to assign area licences for
operators to use spectrum for fixed services. The holders of these licences
could then deploy a variety of fixed wireless infrastructure links or broadband
access systems, or trade or lease access to others to do so within the limits
of the licence. In effect, the holders of the licences would become spectrum
management organisations (see Chapter 7). This approach has been adopted
in USA with the auction of spectrum at 39 GHz for microwave services and
at 4.7 GHz for so called General Wireless Communications Services. Such a
mechanism increases the efficiency of spectrum use because it grants
operators greater scope to make intensive economic use of the spectrum.
This could best be trialled in the UK by auctioning a number of national
licences in spectrum which has yet to be assigned (such as at 32 GHz).

Auctions

As discussed above, auctions have already been used to assign spectrum for
fixed terrestrial services in the 28 GHz band. The review believes that auctions
should be used to award other spectrum which is made available for fixed
systems.

One such band, at 40 GHz, has been allocated at an international level for
high capacity broadband services, in particular for converged Multimedia
Wireless Systems (MWS). The definition of this service is quite broad, in that
it allows the deployment of fixed wireless access direct to the end user for
multimedia services. These multimedia services include more than simply
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broadband internet access; in theory, broadcasting could be provided. As well
as MWS, other services, including high-density fixed services and satellite
downlinks can also operate in the 40 GHz band. The review considers that
the broad range of services which can be offered using the 40 GHz band
makes it a suitable place to introduce spectrum access licensing (described
in Chapter 6). The review recommends that area licences for spectrum at 40
GHz should be auctioned, with minimal conditions attached to the service
deployed in the band. Once spectrum trading is permitted, operators will be
allowed to trade these blocks.

Pricing

Spectrum pricing was introduced to fixed links bands in 1998. Since then
prices have been gradually increased, and the initial phase of price increases
(to half the full opportunity cost level) will be completed in July 2002.
Nevertheless, signs of congestion remain in fixed links bands. As the RA has
highlighted®, there has been a significant increase in demand for fixed links
over the past few years, particularly in the higher frequency bands such as
23, 25 and 38 GHz. In order to help relieve this congestion, the review
considers that the full opportunity cost level of prices in all fixed links bands
should be reassessed, and prices then raised to the full opportunity cost level.

Recommendation 8.4

Current restrictions on the use of fixed wireless access bands should be removed
so as to allow the deployment of any fixed service. Licences should also be
converted to allow spectrum trading. The RA should begin to auction area
licences in fixed bands which would allow the licensees to deploy any fixed
service, or trade the rights to do so

8.39

8.40

Programme-making and special events

Broadcasters, independent production companies, theatres and organisers of
special events (e.g the British Grand Prix) all use spectrum as part of their
output. The demand for this spectrum from the programme-making and
special events (PMSE) sector is growing rapidly as the number of programmes,
the amount of broadcasting from outside broadcasts, and the quantity of
cameras and other radio devices (such as radio microphones for theatres)
deployed at such events have all increased.

For these uses, the RA makes available a number of different frequencies in
a wide range, from 47.55 MHz to 48.5 GHz. Many of the frequencies are
shared with other users (e.g. radio microphones share spectrum with TV
broadcasting), or make occasional use of spectrum assigned to others, e.g.
the Ministry of Defence.

* (Draft) Strategy for the Future Use of the Radio Spectrum in the UK, Radiocommunications Agency, November 2001
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The Joint Frequency Management Group (JFMG), a commercial company
owned by major PMSE stakeholders, has been contracted to manage and
license the radio spectrum used for programme making and special events.
The fees for the relevant licences are set by the RA.

The JFMG therefore acts as a contractor for the process of managing spectrum
and assigning it between users. Although it has incentives, as a profit-oriented
company, to conduct this process as cheaply and effectively as possible, it
does not have the ability to vary prices to relieve congestion, nor to encourage
the move to more spectrum efficient equipment. Also, there are currently
limits which restrict the ability of the JFMG to offer spectrum to users other
than programme-makers or special events, e.g. the JFMG can license spectrum
for use by microphones at a concert, but it cannot license use of similar
spectrum by security or catering services at that concert.

In line with the review’s general principles of creating greater flexibility, the
review considers that these limits should be removed as soon as possible, and
the JFMG should be able to assign its spectrum to any use within international
and technical constraints. This would mean, for example, that the JFMG would
be able to provide spectrum for private mobile radio use on the same terms
as it does for PMSE users. Once spectrum trading is introduced, other holders
of spectrum would be able to offer their spectrum to the PMSE sector. The
review also considers that in order to ensure efficient usage, the price charged
by the RA for PMSE spectrum should be raised to the full opportunity cost
level, which the JFMG would, in turn, pass onto users.

The review also suggests that the option of auctioning spectrum for PMSE
users be explored further as a means of ensuring efficient use of spectrum.
There may be limited amounts of spectrum in such bands and it will not
necessarily be possible to have more than one spectrum management
organisation for these PMSE users. This could lead to competition problems
in the provision of such spectrum. Such problems are unlikely where users
within the PMSE sector can use spectrum in other bands, but where users
have dedicated equipment designed for particular bands there could be a
danger that any spectrum management organisation would price excessively.
If such competition problems are likely, it may be necessary to have some
form of ex ante regulation of the spectrum management organisation’s prices.

Satellite services

Satellite services play an increasingly important role in communications.
Satellite-based systems mirror the range of applications provided by terrestrial
systems, e.g. mobile, broadcasting, fixed, radionavigation etc. The
Government’s latest UK online report® recognises the role of satellite
technology in helping to introduce broadband communications and digital
TV in the UK.

* The UK online annual report 2001, DTI/Office of the e-Envoy, November 2001.
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A variety of satellite services exist including:

e Mobile Satellite Systems (MSS) involve a communication system
between mobile earth stations or terminals and one or more space
stations.

® Fixed Satellite Systems (FSS) involve earth stations in given fixed
points on the ground (including transportable terminals) and one or
more space stations.

® Broadcasting Satellite Systems (BSS) involve a radiocommunications
service transmitted by a space station which is intended for direct
reception by the general public.

® Other categories include radiolocation satellite services, inter-satellite
services and space science services.

Because of their location in orbit, transmissions from satellite transmitters can
have large coverage areas, or footprints. Depending on the satellite’s orbital
height and the antenna beamwidth, the size of the footprint can range from
parts of a country to entire continents. Although the development and launch
of satellite systems entail a significant initial expense, they allow satellite
operators to access directly large numbers of customers without the need to
build extensive terrestrial infrastructure.

Licensing of satellite services

Some satellite systems are currently subject to UK licensing. Satellite
transceivers in the Inmarsat, Eutelsat, Intelsat, Iridium, ICO, Globalstar land
mobile satellite services are exempted from individual licensing by a class
licence, and receive-only satellite dishes are exempted from WT Act licensing
by statutory instrument under the Act. Other customer-based satellite
transceivers are licensed collectively by the system operator. Also,
transmissions to satellites from fixed sites in the UK are licensed under the
WT Act (and subject to administrative pricing for use of these bands reflecting
the amount of spectrum occupied and based on charges for terrestrial fixed
links which share the bands).

The use of spectrum for transmissions from satellite space stations to UK-
based receivers is not, however, subject to WT Act licensing at present. This
means that the users of the spectrum could face some uncertainty that their
services would be protected from interference if they share bands with other
(usually terrestrially-based) services. Spectrum access licences could be
introduced as a way of providing such certainty. Instead of authorising the
use of a specific device, spectrum access licences would authorise the use of
spectrum space, and give licensees the freedom to deploy any device which
transmitted through their spectrum space, provided that the device is
compatible with the core conditions of the licence and the technical
framework for the bands. This form of licensing would have the advantage
of defining the interference protection afforded to satellite and terrestrial
systems operating in the same or neighbouring bands. It would also provide
greater clarity to operators of satellite systems as to the spectrum they could
use.
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Market-based spectrum management mechanisms

Access to spectrum for transmissions to and from satellites is subject to
extensive international planning and co-ordination. In particular, some
frequencies are tied to specific satellite systems, often for the delivery of
international services. Trading of such frequencies within the UK'’s jurisdiction
is therefore unlikely to be feasible. The use of auctions would also be difficult
where satellite transmissions extended across a number of different countries.
Auctions and trading may, however, be facilitated by creating a system of
area licences whereby licensees could use spectrum for transmissions to and
from satellites, but could also use the spectrum for entirely terrestrial use, or
a mix between terrestrial and satellite services. Such licences could be
auctioned.

There may also be scope to use spectrum pricing to ensure that satellite
operators face the opportunity cost of the UK spectrum which they occupy.
Any such pricing regime should, however, take account of the fact that in
many cases, spectrum used by satellite operators has no opportunity cost.
Some spectrum for instance is internationally allocated to satellite use on an
exclusive basis, and does not constrain any other terrestrial or satellite service.
For example, the same bands can be re-used for downlinks to the UK from
multiple satellites; the scarce resources in this case are slots in the
geostationary orbit, access to which is regulated at the ITU level. If, however,
spectrum used by satellite operators can be used for other purposes then
there will be an opportunity cost, e.g. where frequencies are internationally
allocated to satellite and terrestrial services on a co-primary basis.

The opportunity cost will arise to the extent that satellite services can cause,
or be susceptible to, interference from these other services. The possibilities
for interference can be broadly categorised as follows:

Interference scenarios between satellite and terrestrial systems

A: Interference to terrestrial systems from satellite space stations

In this scenario, the transmitted signal from the satellite (downlink) interferes with receivers
of other terrestrial services which share the same or similar frequencies. The degree of
interference depends on the extent of frequency overlap, the power level and position
of the satellite. Any interference which occurs will, to some degree, constrain the
deployment of terrestrial services, although the permitted maximum power level received
on the ground from satellite transmissions tends to be defined internationally by the ITU.

B: Interference to satellite space stations from terrestrial systems

In some cases, it becomes necessary to place limitations on terrestrial systems to protect
the receivers on satellites. The usual mechanism, where this scenario applies, is to limit
the power of the signal from the terrestrial interfering system in the direction of the
satellite

C: Interference to other terrestrial systems from transmissions (uplinks) from satellite earth
stations
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Since both the source of interference and victim of it are on the ground, and possibly
close together, the interference in such cases could be significant. Where two services
share frequencies and a common coverage area, one service or system is likely to constrain
the other. Interference management in such cases involves either separating the two
systems in terms of distance and/or angle, or allocating different parts of a frequency
band for the satellite and terrestrial service.

D: Interference to satellite (receiving) earth stations from other terrestrial systems

As in scenario C, both the source of interference and the potential victim are terrestrially-
based and therefore possibly in close proximity. Again, one service potentially constrains
the other. Interference management in such cases could involve physical or frequency
separation.

8.53

8.54

8.55
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The first of these scenarios (scenario A), although uncommon in the past, is
becoming increasingly relevant with the advent of non-geostationary orbit
(NGSO) satellite systems. Scenario B has also been rare and managed by
restricting the power level of earth-based transmitters whose main beams face
the satellite. However, the NGSO systems and the increasing numbers of
terrestrial cellular systems make this scenario also worthy of consideration.

The fact that satellite uplinks constrain the deployment of other terrestrially-
based services (scenario C) is already acknowledged by the UK spectrum
management regime, since transmitting earth stations are licensed under the
WT Act. The earth stations are also subject to administrative pricing for their
use of spectrum, with the prices reflecting the amount of spectrum occupied,
and based on the charges for terrestrial fixed links which share the bands. In
the past, satellite uplinking has been conducted solely through a relatively
small number of permanent earth stations. But there is now increasing
demand for spectrum for earth-to-satellite transmitters (so called satellite
interactive and user terminals). In order to encourage more efficient spectrum
use, the review recommends that these transmitters are also licensed in the
least onerous way possible and charged the appropriate opportunity cost for
the spectrum they use.

Where protecting the reception of satellite downlinks constrains the
deployment of other fixed services (scenario D), there is currently no
mechanism by which the satellite operator can be obliged to take into account
any opportunity cost of spectrum use, since satellite space stations
transmitting to earth are not currently subject to licensing. The introduction
of spectrum access licensing would allow an opportunity cost-based price to
be applied. Before this is done, however, the review believes it would be
useful for RA/Ofcom to clarify the extent to which scenario D is likely, and
in particular to identify the particular bands where satellite services could
constrain the deployment of other fixed services.



8.56

8.57

8.58

If spectrum access licensing is introduced, spectrum pricing could be applied
to both satellite downlinks and uplinks wherever there was an opportunity
cost arising from the use of spectrum. This is consistent with the review’s
proposals in other areas. Such charges would encourage satellite operators
to consider ways of economising on their use of spectrum. Improvements in
spectrum efficiency resulting from spectrum pricing may not be possible
immediately. The review believes, however, that this should not preclude the
introduction of spectrum pricing because such improvements are possible in
the longer-term, e.g. more spectrally efficient technology may be deployed,
different services might be deployed within the bands, or there might be a
move to exclusive satellite bands which do not involve an opportunity cost,
thus releasing shared bands for terrestrial uses.

Some respondents to the review suggested that the introduction of
opportunity cost based charging for spectrum use by satellite operators would
damage the industry. The review believes that the arguments which apply to
other commercial users of spectrum also apply to satellite operators, i.e.
charging the opportunity cost of spectrum use does not lead to higher prices
to consumers, or slow the deployment of new services.

The review also recognises the inherently international nature of the satellite
industry and the need for international harmonisation in its spectrum
allocation. Where this leads to allocations exclusively to satellite services, the
review believes, as stated earlier, that the opportunity cost is minimal.
However, where spectrum is shared with fixed services, there is potential for
one service to constrain the other and, consequently, an opportunity cost;
this cost should be taken into account by satellite operators. The resulting
efficiency gain in spectrum use will provide benefits for the entire economy.

Recommendation 8.5

Opportunity cost pricing should be applied to satellite systems’ use of spectrum
where such use shares with, and constrains, the deployment of UK-based
terrestrial services. Spectrum pricing should continue to apply to permanent earth
stations but at full opportunity cost levels. Transmissions from user/interactive
terminals should also be licensed with an appropriate spectrum charge. Spectrum
access licensing could be used to clarify the rights and responsibilities of satellite
transmissions into the UK and, where appropriate, to apply opportunity cost
pricing to such spectrum use.
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PUBLIC SERVICES

9.1

9.2

9.3

9.4

9.5

Public services consume significant swathes of valuable spectrum. For
example, terrestrial TV broadcasting occupies 40 per cent of the spectrum
below 1 GHz, while defence users are allocated nearly 50 per cent of bands
in the range 3-10 GHz as well as extensive frequencies elsewhere. It is vital
for the productivity of the economy as a whole that such public services face
strong and enduring incentives to economise on the spectrum needed to
deliver their public service outputs. Without such incentives, there is a
growing risk that excessive spectrum retention by the public sector will
constrain the growth of private enterprise.

The review recognises that there will remain a number of public services for
which spectrum is a vital input and for which, in the absence of a fully fledged
spectrum market, the current regime of reserving sufficient frequency bands
for the delivery of these services should continue through the medium term.
In the longer term, as spectrum trading develops, the Government should
look to expose more public services’ spectrum use to this market mechanism.
In the interim, therefore, the primary means of encouraging spectrum
efficiency should be administratively set spectrum pricing, based on the
opportunity cost of spectrum occupied. The review recommends that all
public services should be subject to this regime.

However, for any public service spectrum use, it is inherently difficult for any
central manager to identify in advance precisely how much spectrum should
be allocated to a particular service. Even in the face of ongoing financial
incentives from spectrum pricing, it is likely that there will arise gaps between
the bandwidth allocated to a particular public service and the actual use
made of these frequencies. These gaps may occur in time, geography and/or
frequency domains.

To encourage full utilisation of radio spectrum, the review advocates
increasing the scope for public services to lease access to their allocated
spectrum for commercial uses. Spectrum pricing should, of itself, encourage
public service users to identify opportunities for such ‘trading at the margins’.
But spectrum leasing would provide a further positive financial incentive on
these users to explore ways of accommodating other users and/or uses,
consistent with the delivery of the public services for which the spectrum
was originally reserved. The review outlines options for granting greater legal
and operational flexibility in the use of reserved public service spectrum,
which vary sector by sector and according to the public or private sector
nature of the spectrum-using organisation.

Over time, the wider application of spectrum pricing and greater
opportunities to share or lease spectrum access is likely to lead to a material
shift towards the commercial use of radio spectrum. This shift would be
consistent with the continued delivery of public services through spectrum
and/or other media. The spectrum resources thus released would represent
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144

a significant productivity gain for the rest of the economy. Releasing these
gains will not be an easy or costless exercise. Spectrum sharing and leasing
may require investment in new planning tools, re-engineering of radio sites,
or full scale re-equipment by public service users to move to more spectrally
efficient systems. But the review considers that a commitment now to the
approach advocated, and consistent application in the coming years, should
yield substantial benefits to the UK economy.

Some respondents to the review argued for a much more thorough exposure
of public service spectrum usage to market discipline. In particular, they
advocated moving in the near term to a comprehensive application of
spectrum trading for all public service requirements. The review agrees with
the objectives of such an approach: that all users should be subject to
meaningful incentives towards economically efficient use of spectrum as an
input in delivering their public service outputs. But it considers that it would
be premature to make such a move before the commercial market in
spectrum access has developed to the point that Government could credibly
remove the ‘safety net’ of reserved spectrum for public services.

In the short to medium term, most of the practical benefits of greater
spectrum efficiency and flexible use (within the constraints imposed by public
service delivery) would be realised by the review’s approach of using pricing
and trading/leasing at the margin. Other gains may be realised through the
contracting out of radio services from public sector users to commercial
service providers, so that public services were delivered via spectrum licensed
and managed for commercial purposes. In the longer term, as spectrum
trading develops, it should be possible to reduce gradually the extent of
reservation of spectrum for public services and open up a wider market for
a variety of uses. To prevent a stark bifurcation of spectrum use between
public and private sectors, though, Ofcom should ensure that administratively
set spectrum pricing incorporates information arising over time from
transactions in the commercial spectrum market.



