OfFcom

Securing long term benefits
from scarce spectrum resources

A strategy for UHF bands IV and V

Consultation
Publication date: 29 March 2012
Closing Date for Responses: 7 June 2012






UHF strategy consultation

Contents
Section

1 Executive summary
2 Purpose and scope of this consultation
3 Future mobile broadband spectrum requirements
4 Future DTT spectrum requirements
5 Other uses of UHF band IV and V
6 Securing long term benefits for citizens and consumers
7 The wider impacts of changing the use of the 700 MHz band
8 Proposed approach for securing future benefits and next steps

Annex
1 Responding to this consultation
2 Ofcom’s consultation principles
3 Consultation response cover sheet
4 Consultation questions
5 Summary of responses to the April 2011 Call for Input
6 Glossary of abbreviations

Page

15
35
46
51
65
71

Page
75
77
78
80
83
88
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Section 1

Executive summary

In this consultation we are aiming to secure long term benefits from scarce
spectrum resources in UHF spectrum bands IV and V

1.1 Spectrum is an essential building block in the communications sector, enabling the
delivery of a wide range of services spanning television and radio through to mobile
telephony, emergency services and outside broadcast event coverage.

1.2 Changing the use of spectrum from one service to another can take several years
and in some cases more than a decade, especially where new international
agreements are required and where there are existing users of the spectrum whose
requirements need to be taken into account.

1.3 In contrast the pace of innovation and change in the communications sector is
accelerating. In particular, there is an unprecedented growth in the demand for
mobile broadband capacity.

14 This tension raises the need for a long term strategic approach which can help both:

¢ Matching the future supply of spectrum with demand for services capable of
delivering significant benefits to citizens and consumers; and

¢ Retaining sufficient flexibility to respond to uncertain future service, market and
international harmonisation developments.

1.5 The need for this approach is particularly relevant for UHF band IV and V spectrum
(shown in figure 1) because:

e This spectrum is in scarce supply and is in demand by a wide range of services
including: digital terrestrial television (DTT), mobile broadband, local TV,
programme making and special events (PMSE), emergency services, and
applications using white space devices (WSD);

o The use of high power DTT transmitters in this spectrum requires international
agreements to co-ordinate any significant changes to its use.

1.6 In this consultation we set out a proposed strategic approach for this spectrum
capable of achieving positive outcomes over the long term. These are:

e Sustaining the delivery of DTT and other services which make shared use of its
spectrum; and

¢ Enabling the future release of potentially valuable harmonised mobile broadband
spectrum in the 700 MHz band to meet the growth in demand for mobile data
capacity.

1.7 We consider that this strategic approach is a crucial step towards ensuring the best
possible use for these important bands over the long term. However, it is important to
recognise that decisions on the most appropriate processes and timescales for any
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future change of use in the 700 MHz band need to be taken closer to the time of
implementation and will need to be informed by more detailed work.

Figure 1 - UHF bands IV and V and the 700 MHz band
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Demand for mobile broadband capacity is increasing rapidly

1.8 There is a rapid growth in the demand for mobile broadband capacity driven by the
increasing use of video and data services on smart phones and tablet PCs. Under a
mid-level growth scenario, mobile data capacity demand will experience an 80 fold
increase between 2012 and 2030", and a 300 fold increase under a high-growth
scenario.

1.9 Meeting this growth in demand could deliver significant benefits to citizens and
consumers by:

e Enabling the future delivery of higher capacity mobile services, supporting further
innovation in mobile applications;

e Ensuring that the UK’s mobile infrastructure is capable of supporting future
growth in the wider economy; and

¢ Enabling the future delivery of next generation video and data based emergency
service applications.

Additional mobile broadband spectrum will be needed to meet this growth in
demand

1.10 Mobile operators can use a range of different approaches to increase the capacity of
their networks. These include:

! See Real Wireless report on techniques for increasing the capacity of wireless broadband network:
http://www.ofcom.org.uk/static/uhf/real-wireless-report.pdf
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e Using more high and low frequency spectrum. We estimate this could provide
between a 7 and 13 times increase in mobile data capacity by 2030;

e Upgrading existing mobile networks to more efficient mobile broadband
technologies, including LTE (Long Term Evolution). We estimate this could
provide between a 3 and 10 times increase in mobile data capacity by 2030;

¢ Offloading mobile data onto fixed networks using Wi-Fi and Femtocells. We
estimate that this could serve over half of the predicted increased demand for
mobile data capacity; and

¢ Building more mobile sites. This tends to be a higher cost option for mobile
operators and can be constrained by the need to secure planning consent for
new sites.

To meet the expected increase in mobile capacity demand a combination of these
approaches is likely to be needed.

The use of additional mobile broadband spectrum can play a special role in reducing
the number of new mobile sites that need to be built, reducing network deployment
costs and the need to secure planning consent for a large number of new sites.

In practice, only additional spectrum which has been internationally harmonised for
mobile broadband is likely to be used because harmonisation increases economies
of scale, widening the availability of handsets and reducing prices.

Additional harmonised spectrum is likely to be made available by:

e The planned 800 MHz and 2.6 GHz spectrum awards;

¢ The re-farming of existing 2G mobile bands to 3G and LTE;

e Government’s plans to release 500 MHz of public spectrum, part of which could
provide a significant amount of additional higher frequency harmonised spectrum
including the 2.3 GHz and 3.4 to 3.6 GHz bands; and

e Other emerging higher frequency spectrum options include the 1.452 to 1.492

GHz and 3.6 to 3.8 GHz bands, which are subject to ongoing harmonisation work
in Europe.

Additional lower frequency mobile broadband spectrum in the 700 MHz band
could be particularly valuable

1.15

The availability of additional harmonised mobile broadband spectrum at lower
frequencies is likely to be limited. Lower frequency spectrum can be particularly
valuable for mobile broadband use because its good propagation characteristics
mean that it can:

o Deliver important savings in the number of new mobile sites that will need to be
built to meet the expected growth in demand for mobile data capacity; and

¢ Provide better quality of service in difficult to reach indoor and outdoor locations.
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1.16 The 700 MHz band, which is currently used to deliver DTT and other services on an
interleaved basis, represents the most attractive option for providing additional lower
frequency spectrum. This is because there is now global momentum behind it being
harmonised for mobile broadband:

¢ Inthe US, the 700 MHz band is being used for mobile broadband LTE services;

e In Asia, Australia and New Zealand are planning to use the 700 MHz band for
LTE, whilst India as well as various other countries are exploring a similar
approach;

1.17 In Europe, Africa and the Middle East a resolution was passed at the 2012 World
Radio Conference (WRC 12) paving the way to a decision to enable the 700 MHz
band to be used for mobile broadband after the next World Radio Conference in
2015. A key driver for this was a strong desire by several African countries to launch
LTE services in the 700 MHz band.

1.18 Enabling the use of the 700 MHz band for mobile broadband in the UK would require
a new international frequency co-ordination agreement. This could take several years
to complete and will depend on the position adopted by other European countries.
Our current view is that the earliest date this could be achieved is 2018, provided
there is sufficient agreement in Europe.

The use of the 700 MHz band for mobile broadband could affect DTT and other
services sharing the spectrum it uses

1.19 The DTT platform currently performs a very important public policy role in providing
universal low cost access to Public Service Broadcasting (PSB) content, whilst also
providing a wider consumer choice of channels, receiver equipment and platforms.

1.20 These roles are likely to remain relevant at the time when the 700 MHz band could
be released for mobile broadband. This is because it is likely that the DTT platform
will continue to be the platform of choice for many viewers, and switching to
alternative platforms at this time would require DTT viewers who have no broadband
subscription or satellite dish installation to incur additional costs.

1.21  Over a much longer (post 2030) timeframe the universal take-up of superfast
broadband could enable IPTV services to provide a viable substitute for the DTT
platform, enabling a potential future DTT switch-off scenario. We do not believe that
this scenario is a viable option within the shorter timescales considered by this
consultation.

We propose a strategic approach capable of achieving positive outcomes over
the long term for mobile broadband, DTT and the services it shares spectrum
with

1.22 In this consultation we set out a proposed strategic approach for UHF bands IV and
V spectrum capable of achieving positive outcomes over the long term. These are:

o Being able to release the 700 MHz band, alongside other higher frequency
mobile broadband spectrum, to help avert a capacity crunch on mobile
broadband networks; and
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e Retaining an amount of DTT spectrum that supports its role in providing important
benefits, as well as supporting the other services sharing spectrum with DTT.

There are two main factors that could help achieving these outcomes:

e Future improvements in digital television compression and transmission
technology; we expect these will be progressively implemented by the market,
enabling increasing efficiencies in spectrum usage for DTT over the next decade;

e The potential use of the 600 MHz band released by digital switchover for DTT
and the other services making shared use of its spectrum, if the 700 MHz band is
released for mobile broadband. This could reduce risks that the DTT platform is
unable to deliver the objectives set out below.

The amount of broadcast capacity required by the DTT platform to deliver benefits to
citizens and consumers can be viewed from:

e A public policy perspective: the amount of broadcast capacity needed to deliver
the PSB channels;

e A platform sustainability perspective: the amount of broadcast capacity required
to enable the DTT platform to remain sufficiently attractive to viewers so that it
can remain commercially sustainable as a platform and hence a means of
providing access to the PSB channels;

e A consumer choice perspective: the amount of broadcast capacity required to
sustain consumer choice in TV content, platforms and equipment.

If the DTT platform were re-planned without the 700 MHz band and no additional
spectrum, it could, subject to future international agreements, deliver three
multiplexes with 98.5% coverage, the same level of coverage that will be achieved by
the current three PSB multiplexes post digital switchover (DSO). However, this would
only provide half of the broadcast TV capacity available on the DTT platform today.

There is a significant risk that these three multiplexes would provide an insufficient
amount of DTT broadcast capacity to meet all of the objectives set out above. This
risk is increased if:

e There is a slow platform transition to more efficient broadcast standards;
e Viewer preferences shift from standard to high definition television consumption;

e IPTV does not provide a viable means of compensating for the reduced level of
DTT broadcast capacity, for example because of insufficient broadband take-up
or caps on broadband data usage.

To reduce this risk the 600 MHz band could be used to provide additional DTT
capacity after the release of the 700 MHz band. Using this spectrum, the DTT
platform would be able to continue to operate with six multiplexes and maintain PSB
multiplex coverage.

Under these circumstances the 600 MHz band would be used as part of a frequency
re-plan of the DTT platform after 700 MHz release. This would mean that we would
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not award long term rights for the 600 MHz band that would limit our ability to change
its use and/or re-plan the spectrum in the future.

1.29 A potential cost of this approach is that 600 MHz spectrum could not be used for
alternative innovative applications in the longer term. However, across much of the
world the 600 MHz band is harmonised for DTT use making this the most likely
attractive use of this spectrum.

1.30 A potentially attractive innovative alternative use of the 600 MHz band is services
based on White Space Devices (WSDs). WSDs are being developed to operate
across the whole of the DTT band and would be able to operate in the 600 MHz band
on an interleaved basis if it were used for DTT.

Achieving these positive outcomes will depend on the careful management of
the wider impacts of the future change of use of the 700 MHz band

1.31 The implementation of any future change of use of the 700 MHz band is likely to
have associated costs. These will need to be carefully considered as decisions are
taken in future on the most appropriate timescales and processes for achieving such
a change of use.

1.32 We believe that by preparing sufficiently early for any future change of use of the 700
MHz band will help reduce any associated costs and disruption this could cause for
consumers and other stakeholders.

1.33 We believe that such preparatory action should include:

e Ensuring that a future frequency re-plan of the DTT platform remains compatible
with roof top antennas by signalling the need for wideband antennas capable of
operating across the whole of the DTT band;

¢ Ensuring that mobile broadband services operating in the 700 MHz band and
DTT services can co-exist by an early signalling of the need for DTT receivers to
be capable of functioning with 700 MHz mobile broadband services;

e Ensuring the continuing provision of PMSE, local TV and white space device
based services. This could be achieved by the early signalling of the need for
future equipment to be capable of operating in the interleaved spectrum of a re-
planned DTT platform, and the need to achieve longer term spectrum efficiency
savings, including the progressive digitisation of analogue services and the
adoption of cognitive radio technology.

1.34 In addition to the above, using the 600 MHz band as part of a frequency re-plan for
the DTT platform to enable a change of use of the 700 MHz band will make it easier
for this re-plan to remain compatible with existing roof top antennas, and provide an
increased amount of DTT spectrum to share with other services.

1.35 A combination of these steps should ensure that the wider impacts of a change of
use of the 700 MHz band can be managed to maximise benefits for citizens and
consumers over the long term, whilst minimising any associated costs and disruption.
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The outcome of this consultation will establish a longer term strategic
framework for decisions relating to the future uses of UHF band IV and V

1.36 Through this consultation Ofcom intends to establish:

A long term view on the future demand for mobile broadband capacity and the
frequency bands and techniques that could be used to meet this growth in
demand;

Whether our long term strategic approach to UHF band IV and V spectrum
should be to enable the future harmonised release of the 700 MHz band for
mobile broadband, whilst ensuring that the DTT platform and other services
sharing the spectrum it uses can continue to provide important benefits to citizens
and consumers;

Whether we should enable use of the 600 MHz band as part of future re-plan of
the DTT platform following the release of the 700 MHz band for harmonised
mobile broadband use, and if so, how this spectrum should be released for
shorter term use; and

The UK’s position in future international harmonisation and co-ordination
activities for the 700 MHz band.

1.37 We invite all interested stakeholders to respond to this consultation by 7 June 2012.
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Section 2

Purpose and scope of this consultation

21

2.2

23

24

Spectrum is a scarce resource that makes a substantial contribution to the UK
economy and society. It is an essential building block in the communications sector,
enabling the delivery of a wide range of services spanning television and radio
through to mobile telephony, emergency services and outside broadcast event
coverage. Through these and other services, spectrum provides substantial value to
UK citizens and consumers.

It can take a number of years to enable spectrum change of use, especially where
international agreements on the harmonisation and co-ordination of spectrum use are
required and there is an established user of the spectrum whose needs must be
considered. In contrast, the pace of service developments in the communications
sector is accelerating; for example, whilst it took 14 years for multichannel television
to achieve 50% household penetration, it is predicted that smartphones will reach
50% penetration within 6 years®.

In recognition of the challenge of matching spectrum supply to these service
demands, this consultation seeks to develop a better understanding of the future
demand for scarce spectrum resources by different services and to identify the steps
we should take now best secure the greatest value for citizens and consumers over
the long term. However, developing such a long term approach is not without risks as
this requires reaching a view on uncertain future service and market developments
and their future impact on spectrum demand.

In this document we give particular emphasis to the spectrum challenge posed by the
rapidly increasing demand for mobile broadband capacity. The need for additional
spectrum to meet the anticipated increase in demand for wireless and mobile data
has been widely recognised internationally, for example:

e The UK Government announced plans in 2010 to identify and release 500 MHz of
publicly-held spectrum below 5 GHz, part of which will help with meeting the
growing demand for mobile data®.

e The adoption of the European Radio Spectrum Policy Programme (RSPP) in
2012 included the intention to make 1200 MHz of spectrum available for wireless
broadband services, half of which will comprise new allocations.

¢ Inthe United States, the Federal Communications Commission’s (FCC) National
Broadband Plan set out in 2010 the intention to make 500 MHz of spectrum
available for mobile services within 10 years.

2 Oliver and Ohlbaum, as referenced in Ofcom, Communications Market Report 2011, figure 1.23,
http://stakeholders.ofcom.org.uk/binaries/research/cmr/cmr11/UK_CMR_ 2011 FINAL.pdf

3 Following an announcement as part of the Spending Review 2010, the Government published an
action plan in March 2011 (http://www.culture.gov.uk/publications/7994.aspx ) and an update in
December 2011 (http://www.culture.gov.uk/publications/8690.aspx)

8
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2.5 Spectrum has a potentially important part to play in meeting the growth in demand for
mobile data capacity alongside other capacity enhancing techniques including:

¢ the use of more efficient mobile technologies;
e reducing cell sizes by adding more mobile sites; and
o offloading mobile traffic onto fixed networks using Wi-Fi and Femtocells.

2.6 Much of the additional mobile broadband spectrum that is likely to become available
to help meet this growth in demand will be at higher frequencies, above 2 GHz. This
includes the spectrum likely to be released by the Government.

2.7 In contrast, there is likely to be a much greater scarcity in the supply of additional
mobile broadband spectrum below 1 GHz. This spectrum is particularly attractive for
mobile network applications due to its good propagation characteristics.

2.8 Only spectrum which has been internationally harmonised is likely to be used by
mobile operators, because this harmonisation increases economies of scale for
handsets and network equipment, reducing prices. The leading candidate for
providing additional harmonised sub 1 GHz spectrum for mobile broadband
applications is the 700 MHz band shown in Figure 2, which is currently used by the
digital terrestrial television platform. This is because:

¢ In North and South America (ITU Region 2), the 700 MHz band has already been
allocated to mobile broadband and is being used to deploy LTE based mobile
services on a mass market scale in the United States; other countries in this
region are also considering or moving towards use of this band for mobile
broadband over the next few years;

¢ In the Asia Pacific region (ITU Region 3), the 700 MHz band has already been
allocated to mobile broadband. Countries including Australia and New Zealand
are likely to release this band in the short term enabling LTE deployments, whilst
in others, like India*, plans for release are currently at an early stage;

2.9 As for Europe, Africa and the Middle East (ITU Region 1), a resolution was recently
passed at the recent 2012 World Radio Conference (WRC 12) indicating that, subject
to the completion of relevant technical work, a decisions to allow the 700 MHz band
to be used for mobile broadband services will be taken at the next World Radio
Conference in 2015 (WRC 15).

2.10 These international developments raise questions for the future use of UHF band IV
and V spectrum in the UK, of which the 700 MHz band forms part.

211  The propagation characteristics of this spectrum makes it attractive for the delivery of
a variety of services, including:

* India is one of the countries in ITU Region 3 that explicitly identified spectrum in the 700MHz range
for IMT applications during the 2007 World Radio Conference (see Radio Regulations footnote
5.313A). It has been recently reported that the Indian Government is considering a potential release
of the 700MHz band for mobile broadband — see http://economictimes.indiatimes.com/news/news-by-
industry/telecom/egom-decides-to-free-700-mhz-spectrum-for-4g-services/articleshow/12150669.cms
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o Broadcast digital terrestrial television services (DTT);

o Programme Making and Special Events (PMSE) services which share DTT
spectrum on a geographically interleaved basis®;

o Local TV services, which are also planning to share DTT spectrum on a
geographically interleaved basis; and

Applications based on white space device technology (WSD).

2.12  Any future change of use of the 700 MHz band for mobile broadband could therefore
impact on the delivery of all these services.

Figure 2 - UHF bands IV and V and the 700 MHz band
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2.13 In general, we believe that it is best to minimise the level of intervention by the
regulator in resolving competing demands for scarce spectrum resources. This is
because we believe that the markets are generally better placed to efficiently allocate

sScarce resources.

2.14 However, we do not believe that market forces alone can determine the future use of
the 700 MHz band which maximises benefits for citizens and consumers because:

e Markets may not always take into account external value such as that delivered
by PSB content. Ofcom has a role here in establishing an appropriate balance of
use that takes account of the public policy objectives like those related to the
delivery of PSB content delivery and emergency services provision;

®The DTT platform uses different frequencies to broadcast the same services at different transmitter
site locations. This approach results in what is known as a multiple frequency network (MFN) where
there are a number of unused frequencies at each transmitter site. These unused frequencies are
collectively known as interleaved spectrum and can be used at lower transmitter powers

10
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o There is a need for the international coordination of the high power frequency
assignments used by broadcast services and new assignments for mobile
broadband services — where Ofcom has a clear role to play in representing UK
interests;

¢ A potential change of use of 700 MHz band for mobile broadband use would
require a complex frequency re-planning exercise of the UHF band IV and V
spectrum requiring a significant degree of coordination between existing DTT,
PMSE, local TV users and new mobile broadband and white space users. There
is a high risk of co-ordination failure occurring between these different sets of
stakeholders in completing this task and regulatory action is likely to be required
to facilitate any future re-planning exercise; and

o Broadcast and mobile services are characterised by different technical
requirements for spectrum usage, which makes it difficult to design a technology
neutral award for these services.

For these reasons, Ofcom has a potentially important role to play in terms of both
determining whether the future use of the 700 MHz band for mobile broadband is
likely to secure greater benefits of citizens and consumers over the long term and in
helping facilitate industry stakeholders to deliver these benefits.

In this document we also consider whether use of the 600 MHz band could play a
part in securing future benefits from any change of use at 700 MHz. The 600 MHz
band has historically been used for analogue terrestrial television broadcasting and
will be available for new uses when DSO completes later in 2012. As noted by
various stakeholders who responded to our April 2011 Call for Input®, it is important
to ensure that our approach to the use of spectrum at 600 MHz is consistent with a
longer term view on securing the greatest benefit from the whole of UHF bands IV
and V.

Our relevant duties

217

2.18

In performing this role Ofcom needs to balance the different competing demands for
scarce UHF spectrum resources by different services in a way that is consistent with
our primary duty, as set out in section 3(1) in the Communication Act 2003 of:

e Furthering the interests of citizens in relation to communications matters; and

e Furthering the interests of consumers in relevant markets, where appropriate by
promoting competition.

In carrying out our functions pursuant to our primary duty, we are required to secure
a range of other matters which are also particularly relevant to developing our long
term spectrum strategy:

e Securing the optimal use of spectrum taking into account current and future
demand’;

® See paragraph 2.29 in this document and http://stakeholders.ofcom.org.uk/consultations/uhf-
spectrum-bands/

” Section 3(2)(a) Communications Act 2003 and section 3(1) Wireless Telegraphy Act 2006
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2.20

e Securing the wide-ranging availability of communications services and TV and
radio services of high quality and wide appeal®, and duties relating to fulfilling the
purposes of public service broadcasting in the UK®.

e Promoting competition, encouraging investment and innovation and encouraging
the availability and use of high speed data transfer services throughout the
United Kingdom™.

In addition, general duties derived from the European regulatory framework are of
relevance to our strategic spectrum approach. These include the objective of
contributing to the development of the internal market by, among other things,
removing obstacles to the provision of electronic communications networks and
services at a European level and encouraging the interoperability of pan-European
services'".

We have had regard to the full range of our statutory duties in preparing this
consultation.

Structure of this document

2.21

2.22

2.23

2.24

Based on an understanding of the market developments likely to impact on the future
demand for scarce spectrum resources by mobile, DTT and other relevant services,
this consultation is seeking to develop a long term strategic approach for enabling
these demands to be met in a way that secures significant benefits for citizens and
consumers.

In Sections 3 to 5 we explore the key demand and technological trends that are
likely to affect long term spectrum demands for mobile broadband, DTT, and other
relevant services including emergency services, PMSE, Local TV and applications
based on white-space device technology.

In Section 6 based on the findings of previous sections, we set out our view on the
objectives for DTT and mobile broadband that are most likely to secure significant
benefits for citizens and consumers over the long term. These are: to enable the
release of the 700 MHz band and other higher frequency bands for mobile
broadband once it is internationally harmonised and coordinated, and to maintain a
certain amount of spectrum for DTT use such that it can continue to deliver important
benefits to citizens and consumers. We also consider the likelihood of being able to
meet these objectives both with and without using the 600 MHz band released by
digital switchover in a frequency re-plan of the DTT platform, after the release of the
700 MHz band for mobile broadband.

In Section 7 we outline the potential wider impacts on consumer equipment and
other services likely to be associated with any future release of the 700 MHz band for
mobile broadband and how these impacts could be managed by preparing for these
changes sufficiently early and using the 600 MHz band as part of a frequency re-plan
of the DTT platform. These include: the potential impact of frequency re-plan of the
DTT platform on existing consumer DTT antenna installations; the future co-

® Section 3(2)(b) and (c) Communications Act 2003

? Section 3(2)(a) Communications Act 2003

'% Section 3(4)(b), (d) and (e) Communications Act 2003

" Article 8 of the Framework Directive (Directive 2002/21 — as amended)

12
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existence of mobile services operating in the 700 MHz band with DTT services; the
potential need for a new 700 MHz international band plan for mobile services; the
need for some local TV services to change frequencies; the amount of interleaved
DTT spectrum available for PMSE and services operating with white space devices.

In Section 8 in light of the findings of previous sections, we outline why the approach
discussed in sections 6 and 7 is likely to secure significant benefits for citizens and
consumers from the use of UHF band IV and V spectrum over the long term. We also
outline the principal next steps we plan to take after the conclusion of this
consultation.

In summary, the main purpose of this consultation is to establish a strategic approach
to secure benefits to citizens and consumers over the long term form the use of
scarce spectrum resources in UHF bands IV and V. Such an approach should
provide clarity to stakeholders on future policy direction, whilst being flexible enough
to respond to future international and market developments. In particular, we are
seeking to establish whether using the 700 MHz band in combination with other
additional higher frequency spectrum bands for mobile broadband is likely to deliver
benefits for citizens and consumers over the long term and whether the 600 MHz
band released by digital switchover should be used as part of a frequency re-plan of
the DTT platform if the 700 MHz band is released for mobile broadband.

The analysis presented in the whole of this document represents an impact
assessment, as defined in section 7 of the 2003 Act. However, it should be noted
that due to the difficulty associated with assessing the long term costs and benefits
associated with different spectrum uses, at this stage we have focused on identifying
the main drivers of future spectrum requirements and providing a high level
qualitative assessment rather than detailed quantitative assessment of these factors
in this consultation.

It is also important to recognise that through this consultation we are not seeking to
reach final decisions on the process and timescales of any future release of the 700
MHz band. In practice, we believe that these decisions will have to be informed by
further work, and can only be taken closer to the time of actual implementation. This
will include monitoring and assessing future international harmonisation and co-
ordination developments, and market developments within the DTT, mobile and other
service sectors, as well as an assessment of the detailed arrangements required to
facilitate an actual change of use of the 700 MHz band.

Linked documents

2.29

2.30

This consultation builds on the responses to an Ofcom’s Call for Input issued in April
2011, which asked stakeholders for views and evidence on the long term demands of
different services for spectrum in UHF bands IV and V', Responses to the Call for
Input have provided an important contribution to the work that led to this consultation
and are summarised in Annex 5.

We have also published, alongside this consultation, a series of independent
research reports that Ofcom has commissioned and used to inform and provide
evidence to support our views in this consultation. They are:

2 See http://stakeholders.ofcom.org.uk/consultations/uhf-spectrum-bands/
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A consumer research study by BDRC Continental on consumer preferences in
relation to DTT and mobile broadband™?;

A technical study by Real Wireless, examining the role of different capacity-
enhancing techniques in meeting the future expected growth in mobile data
demands over the period 2012-2030";

A technical study by ZetaCast, examining the potential technical evolution of DTT
over the period 2015-2030"°; and

A study by Arqgiva Spectrum Planning, examining high-level options for re-
planning DTT following a potential clearance of the 700 MHz band ™®.

'3 See http://stakeholders.ofcom.org.uk/market-data-research/other/spectrum-research/UHF-strategy-

research/

' See http://www.ofcom.org.uk/static/uhf/real-wireless-report.pdf

'® See hitp://stakeholders.ofcom.org.uk/binaries/consultations/uhf-strateqy/zetacast.pdf

'® See http://stakeholders.ofcom.org.uk/binaries/consultations/uhf-strateqgy/arqiva.pdf
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Section 3

Future mobile broadband spectrum
requirements

3.1

3.2

In this section we consider the increasing demand for mobile broadband capacity and
the role additional spectrum could play in meeting this demand, given the range of
other methods mobile operators could use to increase the capacity of their networks,
which include:

e The use of more efficient mobile delivery technologies such as LTE;

e The deployment of additional mobile sites; and

e Offloading mobile data onto fixed networks using Femtocells or Wi-Fi.

We also consider the special role additional sub 1 GHz UHF spectrum could play in

reducing the number of additional mobile sites that would need to be built to cost
effectively meet the future growth in demand for mobile broadband capacity.

Demand for mobile data is growing rapidly

3.3

3.4

3.5

The rapidly increasing growth in demand for mobile data sets a significant challenge
for spectrum management and mobile networks deployment.

Whilst the rapid growth in demand for mobile data is a relatively recent phenomenon,
it is set to continue, driven by a number of interrelated factors, including:

e Increasing penetration of data and video capable mobile devices: the
consumer take-up of data and video capable devices, including smartphones and
tablet PCs, is increasing rapidly making high capacity mobile data and video
services accessible to an increasing number of mobile users.

e Increasing usage of mobile data and video services: as the capabilities of
data and video enabled mobile devices increases, each user is more likely to
consume more data. The anticipated improvements in processing power and
video capabilities of future mobile devices are likely to sustain this increased
growth in user data consumption.

e Growth of video traffic: video is set to become a more predominant form of
mobile traffic over the coming years, as the increasing penetration of video
capable mobile devices make mobile video services a greater part of content
providers’ future distribution strategies. Because video typically requires
significantly more capacity than other types of mobile services it is likely to be a
significant driver for the future growth in demand for mobile data capacity.

The volumes of data carried over mobile networks started to increase significantly in

2008, initially driven by the popularity of dongles and 3G enabled laptops, and was
then driven by the surging penetration of smartphones. Figure 3 illustrates how
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mobile data volumes were approximately four times greater at the end of 2010 than
they were at the end of 2007. In 2010 alone, mobile data traffic grew by 67%.

Figure 3 — Estimated growth in mobile data volumes, relative to Q4 2007
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Source: Ofcom Communications Market Report 2011

As described above, much of the growth in mobile data volumes is being driven by
the increased penetration and use of mobile devices with increased video and data
processing capabilities, including dongles, smartphones and tablet PCs. Ofcom’s
consumer survey data’’ indicates that smartphone ownership reached a penetration
level of 27% of UK adults in Q1 2011, tablets a 2% penetration level, and mobile
broadband services were accessed through a dongle or laptop by 17% of UK adults.

The penetration levels for these devices are likely to grow much further. For example,
smartphones have continued to represent an increasing proportion of mobile device
sales over the past few years, reaching 48% in Q1 2011, In a recent online survey
commissioned by Ofcom, 26% of respondents not currently using mobile internet
said they are planning to acquire smartphone over the coming year and 16% said
that they are planning to acquire a tablet PC to access the internet through a mobile
network .

There are a wide range of different predictions by industry analysts for the future
growth of mobile data consumption. Considering that such predictions should always
be interpreted with a degree of approximation, it is worth noting that there is general
consensus that there will be significant future growth. Forecasts by Cisco are
updated on an annual basis and are widely cited in the industry. In their latest set of
forecasts Cisco predict a twelve fold increase in UK mobile data traffic between 2011

'” Ofcom technology tracker, Q1 2011, base: UK adults aged 16+
'® See figure 5.20, Communications Market Report, 2011:
http://stakeholders.ofcom.org.uk/binaries/research/cmr/cmr11/UK_CMR_ 2011 FINAL.pdf

"9 See BDRC Continental summary report on UHF Strategy Research for Ofcom:
http://stakeholders.ofcom.org.uk/binaries/research/spectrum-research/UHF-strateqgy-

research/research _report.pdf .

16


http://stakeholders.ofcom.org.uk/binaries/research/cmr/cmr11/UK_CMR_2011_FINAL.pdf
http://stakeholders.ofcom.org.uk/binaries/research/spectrum-research/UHF-strategy-research/research_report.pdf
http://stakeholders.ofcom.org.uk/binaries/research/spectrum-research/UHF-strategy-research/research_report.pdf

3.9

3.10

UHF strategy consultation

and 2016, with compound annual growth rates of 65%2°. Whilst other analysts tend
to predict lower annual growth rates?', it is notable that over the past few years
growth forecasts have generally been revised upwards as the actual amount of data
consumption has outstripped expectations.

There are relatively few predictions for the likely growth in mobile data consumption
over a longer time period. In 2009, as part of work commissioned by Ofcom, PA
Consulting® developed a number of different scenarios for the future longer term
growth in requirements of various services, including mobile data and video, to 2025.
Figure 4 compares a relevant subset of these estimates with those provided more
recently by Real Wireless®*, as part of a wider study commissioned by Ofcom into the
different techniques mobile operators could use to meet the future growth in mobile
data demand. The Real Wireless projections are higher than those of PA Consulting
because they factor in the higher than expected growth in mobile data consumption
over the past three years.

Given the difficulty associated with predicting the growth in mobile data capacity
demand over a long time period, Real Wireless has developed, as part of a technical
study we commissioned, three future scenarios spanning a very wide range of
potential outcomes:

e A“low” growth scenario: this assumes a flattening out in the growth in mobile
data usage after 2015, caused by a capacity crunch on mobile networks which
pushes future mobile device and application developments towards supporting
less-data intensive types of traffic (such as voice, SMS, mobile payments as
opposed to fast internet access and video). In this scenario, total traffic volumes
in 2030 are approximately 20 times greater than in 2012;

e A“medium” growth scenario: this assumes a growth in mobile traffic in line
with current analysts’ expectations until 2020, with media and internet centric
mobile devices and applications becoming increasingly popular. Post 2020 the
rate of growth slows with the saturation in the penetration of data and video
capable mobile devices. In this scenario, total traffic volumes in 2030 are
approximately 80 times greater than in 2012; and

e A*high” growth scenario: this assumes a rapid growth in mobile data
consumption driven by the popularity of high resolution video accessed on
handheld devices, including HD and 3D video and immersive gaming. In this
scenario, growth rates comparable to the Cisco projections to 2016 are sustained

0 Cisco Mobile Visual Networking Index 2012

" A technical paper by the FCC published in October 2010

(http://transition.fcc.gov/Daily Releases/Daily Business/2010/db1021/DOC-302324A1.pdf)
highlighted that Cisco forecasts for US data traffic were higher than those of other two analysts
houses, Yankee Group and Coda. Analysys Mason 2011 forecasts predict a 38% in mobile data
traffic in Western Europe. In December 2009 HSBC Global Research produced a 45% CAGR
forecasts to 2015 for a typical mobile operator in a mature market, and then revised it to 50-60%
CAGR in April 2010.

22 pA Consulting, Predicting Areas of Spectrum Shortage, April 2009:
http://stakeholders.ofcom.org.uk/binaries/research/technology-research/shortage.pdf

% See Real Wireless report on techniques for increasing the capacity of wireless broadband
networks: http://www.ofcom.org.uk/static/uhf/real-wireless-report.pdf
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through to 2030. In this scenario, total traffic volumes in 2030 are approximately
300 times greater than in 2012.

Figure 4 — Projected growth in UK mobile data demands
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There are likely to be ongoing commercial incentives for mobile operators to
invest in their networks to meet the growth in demand for mobile data

3.11

3.12

In practice, mobile data traffic can only grow to the extent to which it is matched by a
corresponding supply of capacity on mobile networks. The medium and high growth
rate scenarios for the future growth in mobile data traffic described above are based
on an assumption that the physical capacity of mobile networks will continue to
increase and not limit the growth in demand. This is unlikely to occur if mobile
network operators do not have appropriate incentives to invest in increasing the data
capacity of their networks. In particular, operators are only likely to invest in providing
additional capacity if users value, and are willing to pay for, the resulting
improvements in network capabilities.

We commissioned consumer research to investigate consumer preferences for
different attributes of mobile broadband services®. This consumer research enabled
a comparison to be made of consumer preferences for different mobile broadband
packages offering different levels of coverage and capacity at different prices. The
approach and findings of this research are set out in more detail in the BDRC
Continental Report, which is being published alongside this consultation.

* See BDRC Continental summary report on UHF Strategy research:
http://stakeholders.ofcom.org.uk/binaries/research/spectrum-research/UHF-strateqgy-

research/research report.pdf
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3.13 As illustrated in figure 5, this consumer research identified that a significant
proportion of existing mobile broadband customers would potentially be interested in
paying £5 to £10 more per month for improved capacity and coverage mobile
services, on top of a typical average mobile monthly bill of £15. This suggests that
there are likely to be ongoing commercial incentives for mobile operators to continue
to invest in improving the future capacity and coverage of their networks in order to
deliver more valuable services to their customers.

Figure 5 — Proportion of consumers who would consider paying extra for improved
mobile broadband capacity and coverage

Interest in paying an extra £5 per month Interest in paying an extra £5 per month
for better mobile coverage for more data capacity
(£15 vs £20) (£15vs £20)

7%
58%
73%
. Would NOT consider
paying more
Interest in paying an extra £10 per month Would consider paying
for better mobile coverage and more capacity
(£15 vs £25) more

Source: BDRC Continental for Ofcom, 2012

Meeting growth in mobile data demand could deliver significant
benefits to citizens and consumers

3.14  The ability of mobile network capacity to expand to meet the future growth in demand
for mobile data is likely to be important in delivering significant benefits to UK citizens
and consumers. There are a number of important reasons for this:

3.14.1 It could sustain or increase the already substantial economic value
accrued by consumers through mobile services: the market for mobile
services in the UK is large with revenues of £15.1 billion in 2010. The great
majority of UK adults (and many children) use these services, with 1.3
active mobile connections per head of population and one active 3G mobile
connection for every two people. The average household spends £63 per
month on telecoms, approximately half of which is spent on mobile
services. Mobile services are also important to UK businesses which
account for £6.6 billion of mobile revenues?.

2 All figures taken from Ofcom’s 2011 Communications Market Report, Figure 5.1 and page 298.
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3.14.2 In 2006, Europe Economics produced a report for Ofcom? which estimated
the consumer surplus generated by mobile services. Consumer surplus is
the value of a service to a consumer minus the price paid by the consumer
for the service. Using a range of methods, Europe Economics estimated a
total consumer surplus of £19.0 billion from the consumption of mobile
services in the UK (both by private and business consumers). Adjusting for
inflation would suggest a consumer surplus of £20.7 billion today. Further
adjusting for the growth in mobile connections over the period implies a
consumer surplus of more than £24.0 billion today?’?. The provision of
additional or more attractive mobile services through the use of additional
spectrum could in principle increase this consumer surplus.

3.14.3 Consumer value may also be enhanced to the extent that additional mobile
capacity is supported by a good quality of service. Based on the magnitude
of the consumer surplus suggested above, even moderate improvements in
quality of service could have a significant impact in aggregate. For
example, a 1% increase in consumer surplus would represent around £2
billion increase over 10 years, and £3.4 billion over 20 years, in present
value terms. We recognise that improvements in quality of service would
not necessarily be solely attributable to access to more spectrum —
compared to other techniques to increase network capacity — or even
particular spectrum bands. Nevertheless, as discussed further in this
section, the use of additional spectrum below 1 GHz would enhance the
consumer experience inside buildings and in hard-to reach areas, e.g. by
enabling better data intensive applications, compared to use of higher
frequency spectrum bands. Therefore even if only a proportion of any
increase in consumer surplus is attributable to the use of additional
spectrum this could still represent a significant value.

3.14.4 It could deliver significant benefits from a citizen perspective including
improving high capacity broadband availability to remote areas and in
enabling the delivery of next generation emergency services applications.

3.14.5 It could enable further innovation in mobile services and applications:
meeting the future growth in demand for mobile data is likely enable further
innovations, making an expanding range of new high value mobile services
available to consumers, including: payments and transactions, navigation,
video, location based services, and augmented reality based applications®.

%6 Economic impact of the use of radio spectrum in the UK. A report by Europe Economics, November
2006. http://stakeholders.ofcom.org.uk/binaries/research/spectrum-research/economic _impact.pdf

%" If we compare this figure to industry revenues (£15.1 billion in 2010) we can see that consumer
surplus is larger. This suggests that, for example, a customer who paid £15 for a mobile service would
typically value that service at £39, so consuming the service creates a consumer surplus of £24 (i.e.
£39 minus the £15 price of the service).

28 Europe Economics’ estimate is an average of results from four different methods.

29 Augmented reality refers to the interaction with elements of the physical environment mediated by
devices (including handheld devices) which enhance (or augment) such physical elements through
the elaboration of contextual information, delivered over the internet or generated by the device itself.
Augmented reality has a number of fields of current and potential applications, from advertising, to
navigation, entertainment and education.
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3.14.6 It could meet business needs and hence growth in the wider
economy: increasing the capacity of mobile networks would help ensure
the UK’s mobile infrastructure is better able to support the future mobile
data needs of businesses, enabling wider growth in the economy.

Question 1: Do you agree that meeting the future growth in demand for mobile broadband
capacity will deliver significant benefits to citizens and consumers?

Using additional spectrum is one of a range of different approaches
mobile operators can adopt to increase the capacity of their
networks

3.15

3.16

Technical research commissioned by Ofcom® has identified that there are a range of
different approaches mobile operators could adopt to increase the future capacity of
their networks. These include:

e Using more spectrum;

¢ Using more efficient mobile technology;

e Using more mobile sites; and

e Using more Wi-Fi and Femtocell mobile data offloading.

This research has also identified that mobile operators will need to use a combination
of all of these techniques to cost effectively meet the anticipated growth in demand
for mobile broadband capacity. This means that additional mobile broadband

spectrum will form an important part of addressing the increasing demand for mobile
broadband capacity, but will be insufficient to meet this growth in demand alone.

Increasing mobile broadband network capacity using more spectrum

3.17

3.18

International harmonisation creates greater economies of scale for handset and base
station equipment, reducing prices®'. It also provides interoperability between
different national and international mobile networks. Because of these reasons only
additional spectrum which has been internationally harmonised is likely to be used by
mobile operators.

There are two principal ways in which additional harmonised spectrum capacity could
become available for mobile broadband services:

e Spectrum re-farming: here spectrum already assigned to mobile is used for an
upgraded technology such as LTE to better support mobile broadband services.

¢ New mobile spectrum assignments: here new spectrum is made available for
mobile broadband services, which was previously allocated for different uses,

% See Real Wireless report on techniques for increasing the capacity of wireless broadband
networks: http://www.ofcom.org.uk/static/uhf/real-wireless-report.pdf

¥ For example, existing 2G and 3G mobile services operate only in the internationally harmonised
mobile frequency bands at 900 MHz, 1.8 GHz and 2.1 GHz
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such as defence purposes. This additional spectrum can be further separated
into spectrum likely to become available for mobile broadband in the short to
medium-term and spectrum likely to become available in the longer-term*.

3.19 Figure 6 illustrates the different spectrum bands that are or could become
harmonised for mobile broadband use. These are set out in more detail table 1. A
more detailed, band-by-band discussion in presented in the following sub-sections.

Figure 6 - Overview of bands potentially suitable for mobile broadband (downlink and
uplink)
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Table 1: Summary of bands potentially suitable for mobile broadband (continues on
next page)
Frequency band Bandwidth Availability for mobile Regions where

(taking_guard and dU_pleX broadband harmonised for
bands into account, if mobile broadband

appropriate) use

800MHz 30MHz (downlink) Following forthcoming EMEA, Asia-Pacific
spectrum award

900MHz 35MHz (downlink) Progressive re-farming  EMEA, Asia-Pacific
to mobile broadband

1800MHz 72MHz (downlink) Progressive re-farming EMEA
to mobile broadband

*2|n the following band-by-band discussion, the bandwidths mentioned are net of duplex and guard
bands. The discussion of timing of use of these bands reflects assumptions taken in our technical

work.
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Regions where
harmonised for
mobile broadband
use

2100MHz (FDD)

60MHz (downlink)

Currently available

EMEA, Asia-Pacific

2100MHz (TDD)

35MHz

Currently available for
TDD services

Europe for 3G TDD
services, currently
considering other uses

2600MHz 70MHz (downlink) Following forthcoming EMEA
spectrum award
45MHz (unpaired)
2300MHz 70MHz (unpaired) 40MHz following MoD Global

spectrum release in
2015/16.

3400 — 3600MHz

20MHz (downlink, UK
Broadband)

70MHz (downlink,
MoD)

Following potential
spectrum award in
2015/16

EMEA, parts of Asia-
Pacific and the
Americas

1452 — 1492MHz

40MHz (unpaired)

Not currently

Ongoing work to
identify potential uses,
including mobile
broadband in Europe

3600 — 3800MHz

82MHz (unpaired, UK
Broadband)

60MHz (unpaired,
satellite earth stations)

UK Broadband
allocation currently
available

No, but subject to
ongoing work within
Europe

Spectrum below 1 GHz has particularly attractive propagation characteristics,
but is in scarce supply

3.20 Lower frequency spectrum below 1 GHz in UHF bands IV and V combines good
outdoor and indoor propagation characteristics with an ability to operate with
antennas that can be integrated into mobile devices and handsets. This makes this
spectrum particularly attractive to mobile operators for use at larger sized macro
sites, as well as sites offering more localised coverage.

3.21 There is a low likelihood that there will be a significant increase in the amount of
additional harmonised spectrum available below 1 GHz for mobile broadband use
before 2030. The only current likely increases in the amount of this spectrum will be
provided by (see figure 7):

e 900 MHz band re-farming. This band is currently used to provide 2G mobile
services and 3G services are beginning to be deployed alongside. This band is
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already harmonised for mobile broadband use in the EMEA area and Asia-
Pacific. All of the 35 MHz of downlink 900 MHz spectrum could be progressively
re-farmed to use advanced 3G or LTE technologies, providing more mobile
broadband spectrum over the next decade.

e 800 MHz band release. The 800 MHz band released by DSO is currently the
only additional spectrum harmonised for mobile broadband use. This band is
harmonised for mobile broadband use in the EMEA area and could provide 30
MHz of additional mobile broadband spectrum. This would represent a
substantial increase in the amount of sub 1 GHz spectrum available for mobile
broadband use in the UK, but is significantly lower than the anticipated increase
in higher frequency spectrum shown in figure 8, and would account for
approximately only 5% of the likely total future increase in harmonised mobile
broadband spectrum over the period 2012 to 2030 under mid-case assumptions.

Figure 7 - The potential increase in additional harmonised mobile broadband
spectrum below 1 GHz from 2012 to 2030 (downlink only)
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Source: Real Wireless report on techniques to increase capacity in mobile networks

3.22 The auctions of 800 MHz spectrum that have already taken place in other European
countries provide some indication of the value to producers (i.e. mobile operators) of
sub 1 GHz spectrum relative to higher frequency spectrum. The prices that have
been paid for 800MHz spectrum are significantly higher than the prices paid for
spectrum above 1GHz. For instance, the outcomes of auctions of 800 MHz spectrum
for mobile use in Sweden, Spain and Germany indicate prices for this spectrum in the
range of $0.6/MHz/pop to $0.9/MHz/pop®. In Spain, the equivalent price paid for 2.6
GHz spectrum was $0.04/MHz/pop®.

% Sweden - $0.58; Spain - $0.66; and Germany - $0.9. Note: figures based on US dollar exchange
rates at time of auctions. Source: New Street Research: July 2011
% Source — ibid.
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Clearly the amount paid at auction can be influenced by a range of factors (e.g. the
degree of competition for the spectrum, the way in which the auctions are structured,
whether the auction is designed to maximise revenue, etc.) but the results of these
auctions do suggest that mobile operators value the sub 1 GHz spectrum more highly
and that is likely to be due - at least in part - to its technical advantages.

There is likely to be a significant amount of additional harmonised mobile
spectrum becoming available above 1 GHz

3.24

3.25

There is a high likelihood that a significant amount of additional harmonised mobile
spectrum will become available at higher frequencies above 1 GHz by 2030. A
characteristic of this higher frequency spectrum, and in particular spectrum above 2
GHz, is that it suffers more propagation attenuation than lower frequency spectrum
below 1 GHz. This makes higher frequency spectrum better suited for use at sites
with relatively localised coverage.

The potential sources of additional higher frequency mobile broadband spectrum are
set out below.

Spectrum re-farming opportunities above 1 GHz

3.26

3.27

3.28

1800 MHz band. This band is currently licensed for 2G and 3G mobile services, and
is used in the UK to deliver 2G services. However, a European decision also
requires Member States to have designated and made this band available for mobile
broadband services by 31 December 2011. Consequently, since that date licensees
have been able to apply for a licence variation authorising them to operate mobile
broadband services in this band. Such an application has been received from
Everything Everywhere and Ofcom is currently consulting on varying its 1800 MHz
licences to allow them to deploy LTE services®. Should the licence variation be
granted, a phased adoption of LTE in the 1800 MHz band over the next decade is
likely, enabling the full 72 MHz of downlink bandwidth available in this band to be
used by mobile broadband services.

2100 MHz (FDD) band. This band is currently used by 3G mobile services but can
also be used to provide advanced 3G and next generation mobile broadband
services. It is likely that there will be a phased adoption of advanced 3G services in
this band over the next decade and to LTE in the longer term. This band provides 60
MHz of downlink bandwidth.

2100 MHz TDD bands (1900 — 1920 MHz and 2010 — 2025 MHz). The bands are
currently available in Europe for TDD-based 3G systems, but these have not been
commercially deployed. In recognition of this, the European Commission is in the
processes of considering alternative uses of these bands. These bands could provide
up to 35 MHz of additional spectrum for mobile broadband services.

Additional spectrum, likely to become available in the short to medium-term

3.29

2600 MHz band. This spectrum is already harmonised for mobile broadband use and
is planned to be cleared of incumbent services (including PMSE) and awarded in the
short term. This band will provide an additional 70 MHz of downlink spectrum for
mobile broadband services.

% See http://stakeholders.ofcom.org.uk/consultations/variation-1800mhz-lte-wimax/
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Additional spectrum, which could become available for mobile broadband in the

longer-term

3.30

3.31

3.32

3.33

3.34

3.35

3.36

2300 MHz band (2310 — 2390 MHz). This band is currently held by the Ministry of
Defence (MoD) and forms part of the Government’s plan to release 500 MHz of
public sector spectrum. This band has been identified by the ITU as a global band for
mobile broadband and equipment is already available and in use in the Asia-Pacific
region. The MoD plans to release 40 MHz in this band in 2015. In our technical work
we have also modelled the effect of more spectrum being made available in the
longer term, i.e. up to 70 MHz of unpaired spectrum used for downlink from 2020.

3400 — 3600 MHz band. This is a paired band including 20MHz of downlink
bandwidth currently allocated to UK Broadband and 70 MHz of downlink bandwidth
held by the MoD. The band is currently shared with PMSE users. This band is
harmonised for mobile broadband use and forms part of the Government’s plans to
release 500 MHz of public sector spectrum. This band could make up to 70 MHz of
additional downlink spectrum available for mobile broadband use.

1452 — 1492 MHz band. This band was originally identified for broadcasting services
(e.g. T-DAB and S-DAB®) across Europe but has not been widely used to deliver
these services. In 2008, this spectrum was awarded to Qualcomm in the UK. Work is
currently underway within CEPT to explore future options for the use of this band,
one of the potential applications being considered is a supplementary downlink for
mobile broadband, where this band becomes paired with the uplink in other mobile
frequency bands. This approach could provide up to 40 MHz of additional downlink
spectrum for mobile broadband use.

3600 — 3800 MHz band. This is an unpaired band which includes 82 MHz of
bandwidth currently allocated to and used by UK Broadband, and 60 MHz of
bandwidth currently used for satellite earth stations and, therefore, unavailable for
mobile broadband services. This satellite band is not currently harmonised for mobile
broadband use, but is subject to ongoing harmonisation work within Europe. If the
numerous satellite earth stations making use of this spectrum across the UK were
allocated alternative spectrum this would provide up to 60 MHz of additional
spectrum for mobile broadband use.

Figure 8 illustrates a mid-case scenario for the expected availability of higher
frequency bands for mobile broadband between 2012 and 2030. A more detailed
description of the assumptions made as part of the technical study we commissioned
is provided in section A4 of the annex to the Real Wireless report™.

Through the Real Wireless study, we estimate that taken together spectrum re-
farming and additional low and high frequency spectrum bands could provide
between a seven and thirteen times increase in the total amount of spectrum
available for mobile broadband use by 2030, with a mid range estimate of a nine
times increase shown in figure 8.

We anticipate that mobile device and network technologies will evolve to support
operation across multiple frequency bands, although not all bands would necessarily
be supported by all devices. Furthermore, devices and networks are likely to be

% S-DAB - Satellite - Digital Audio Broadcasting
¥ See http://www.ofcom.org.uk/static/uhf/real-wireless-report.pdf
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capable in the future of simultaneously aggregating together connections, or carriers,
across multiple bands, to make best use of spectrum resources and support higher
data rates.

Figure 8 - Potential increase in harmonised mobile broadband spectrum above 1 GHz
from 2012 to 2030 (downlink only)
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Source: Real Wireless report on techniques to increase capacity in mobile networks
Increasing mobile network capacity by using more efficient mobile technology

3.37 This approach involves upgrading existing 2G and 3G networks to more efficient
technologies, including LTE-Advanced and its future evolutions. This technology
upgrade enables each mobile site to provide more data capacity using the same
amount of spectrum. The features of LTE that enable this increase to be achieved
include:

e Multiple Input Multiple Output (MIMO) antenna technology which enables
different antenna combinations to be used to improve the quality of the wireless
connections between mobile base stations and handsets;

¢ Improved efficiency modulation and coding technologies that increase the
amount of capacity that can be supported in each mobile channel;

e The joint processing of mobile signals from different mobile sites to better
distribute capacity demand between sites and reduce interference between them;
and

e The aggregation in future mobile handsets of capacity provided by different
frequency bands.
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3.38 In the work we commissioned, Real Wireless estimate these technology
developments will provide between a three and ten times increase in mobile capacity
for macro cells with three sector antennas by 2030%.

Increasing mobile broadband capacity by deploying more mobile sites

3.39 The additional capital and operational costs associated with providing and operating
more mobile sites tends to make this a more expensive option for mobile operators
than using more spectrum and more efficient technologies at existing sites. However,
where these measures alone cannot meet the growth in demand for mobile capacity
it will become necessary to deploy additional sites. By splitting the coverage of
existing sites into smaller cells the number of mobile users sharing the capacity
provided by each mobile transmitter is reduced, creating an effective increase in
mobile capacity available to each user. However, there are practical limits on how
closely cells can be packed together without causing interference with one another
and in securing planning permission for new sites.

Offloading indoor mobile traffic onto fixed networks using Wi-Fi or femtocell
approaches

3.40 Over half of mobile data traffic could potentially be offloaded onto fixed networks by
2030 using WiFi and Femtocells®*. However, there are uncertainties over the ability
of these approaches to keep up with the future growth in demand for mobile data,
including the ability to ensure offload devices can be targeted and used in the most
effective locations, and whether sufficient provisioning of sufficient backhaul capacity
can be provided to these devices.

In summary, we consider that a combination of all these approaches will be
required to meet the expected growth in mobile data demand

3.41  We do not consider that any of the approaches described above is capable in its own
right of physically or economically meeting a mid-growth scenario for a 80 times
increase in the demand for mobile data capacity by 2030, and will need to be used in
combination to meet this level of demand. This means that, whilst more mobile
spectrum alone is unlikely to meet the future demand for mobile data capacity, it will
form an essential part of a range of different techniques that will need to be used to
meet this demand.

Additional spectrum below 1 GHz could play an important role in
meeting the future growth in demand for mobile capacity and
coverage

3.42 Technical research conducted by Real Wireless for Ofcom*° has modelled the most
cost-efficient technical approaches for increasing mobile network capacity to meet
the projected growth in data demands in urban, suburban and rural study areas. This

* See Real Wireless report on techniques to increase capacity in mobile networks:
http://www.ofcom.org.uk/static/uhf/real-wireless-report.pdf

% Ibid

*% Ibid
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involved modelling different combinations of additional high frequency and sub 1 GHz
spectrum, upgrading existing sites to more efficient mobile technologies, and adding
more small and larger sized mobile sites.

For simplicity this modelling work has assumed an idealised situation, where in each
study area, there is a single UK-wide mobile network which can access the total
available amount of high and low frequency spectrum®'. These simulations indicate
that in order to minimise costs mobile operators are most likely to start by making
optimum use of their existing sites by: re-farming their existing mobile spectrum at
these sites to more efficient LTE technology, using greater levels of antenna
sectorisation at these sites and using additional 800 MHz and 2.6 GHz mobile
broadband spectrum.

The modelling indicates that despite using this combination of capacity enhancing
techniques at existing sites mobile operators would still need to provide a significant
number of additional large macro and small sized mobile sites to meet the future
growth in demand for mobile data capacity. The increase in the number of new sites
can be reduced if additional mobile broadband spectrum becomes available at the
time when other capacity enhancing techniques at existing sites have been
exhausted. However, even if all the additional higher frequency and lower frequency
spectrum bands shown in figures 6 and 7 and table 1 were to become available
before 2030, mobile operators would still need to build 41% more sites in the rural
study area, 73% more in the suburban study area and 30% more in the urban study
area*®. The majority of these new sites would be small cell sites as opposed to
existing macro sites. By way of reference there are a total of approximately 30,000
existing macro mobile sites in the UK today.

These simulations were repeated assuming the availability of the 700 MHz band
(described in more detail below) for mobile broadband use, which could provide an
additional 90 MHz of sub 1 GHz spectrum, in addition to the 800 MHz and 900 MHz
bands shown in figure 7.

These simulations show that the availability of additional spectrum at 700 MHz could
materially reduce the number of new mobile sites that mobile operators would need
to build*® in order to create sufficient network capacity, and that its benefit become
greater if it is available at the time when other capacity enhancing techniques at
existing mobile sites have been exhausted.

The potential reduction in new sites build ranges from 21% in the rural study area to
57% in the suburban study area, to 28% in the urban study areas**. These results
are summarised in table 2 below.

“"In practice, there is more than one mobile network present in the vast majority of UK areas, with
varying degrees of infrastructure sharing and varying spectrum assets across different mobile
networks operators. We would expect the utility of additional sub 1 GHz spectrum to vary between
different mobile operators based of their current spectrum assets.

*2 These statistics consider both small and macro sites. For a breakdown, see table 2

3 As discussed in footnote 41, the extent to which additional sub 1 GHz spectrum would effectively
enable individual operators to increase capacity in their networks more efficiently is likely to be
materially influenced by the pre-existing spectrum and infrastructure assets

* See footnote 42.
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Table 2 — Simulated idealised future mobile network build requirements with and
without additional sub 1 GHz spectrum from the 700 MHz band

Baseli No access to the 700MHz 700MHz band available ~Savings in
aseline band from 2020 increment of
new site
% increase % increase nsmbers
; ; i i ue to
Mobile Mobile in mobile Mobile in mobile 700MHz
network network
network network sites from network sites from band
sites in 2012 sites in 2030 2012 10 sites in 2030 2012 1o
2030 2030
Rural stud Macro sites 157 202 29% 192 22% 22%
— y Small sites 7 29 314% 25 257% 18%
Total 164 231 41% 217 32% 21%
Suburban stud Macro sites 227 247 9% 236 4% 55%
area y Small sites 10 162 1520% 75 650% 57%
Total 237 409 73% 311 31% 57%
Urban stud Macro sites 95 111 17% 106 12% 31%
aon Y smallsites 360 481 34% 447 24% 28%
Total 455 592 30% 553 22% 28%

Source: Real Wireless report on techniques to increase capacity in mobile networks

3.48

3.49

3.50

3.51

The reductions in new site build achieved using additional sub 1 GHz spectrum
would provide advantages both in terms of reducing future network deployment costs
and in reducing the challenge of securing planning permission for large numbers of
new mobile sites.

Further, additional sub 1 GHz could potentially sustain a better quality of service in
difficult to reach indoor and outdoor locations. This potential benefit has not been
taken in account in the current modelling work. The potential role of additional sub 1
GHz spectrum in reducing the need to target heaviest usage areas with a large
numbers of Femtocells and Wi-Fi base stations has also not been explicitly modelled.

There is a high degree of uncertainty associated with this modelling work in terms of
what the actual level of future demand for mobile data capacity will be and its
geographical distribution, the level of capacity increases that will be provided by
technology improvements, the future amount of mobile capacity offloading onto fixed
networks using Wi-Fi and Femtocells, the amount additional harmonised spectrum
and when it will become available, the level of future site sharing between mobile
operators and the extent to which different mobile operators will respond similarly or
differently to meet the increasing demand for data capacity. To test the resilience of
the role additional sub 1 GHz spectrum could play in meeting the future growth in
mobile data capacity it was tested for a range of different scenarios using different
assumptions for these parameters*.

This analysis confirmed that additional sub 1 GHz spectrum could play a significant
role in meeting the future growth in demand for mobile broadband under nearly all
plausible future scenarios. It could also generate an economic benefit to the extent
that a reduction in the number of sites translates into reduced network costs. Its

5 See sections 4.4 to 4.9 and Annex A7 and A8 in Real Wireless report:
http://www.ofcom.org.uk/static/uhf/real-wireless-report.pdf
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contribution was also found to be greater if it becomes available before other
capacity enhancing techniques are exhausted at existing sites*.

The timing of when other capacity enhancing techniques are likely to become
exhausted is subject to a significant level of uncertainty. However, this analysis
suggests that having the option to use additional sub 1 GHz spectrum for mobile
broadband as soon as is practical is likely to be important in maximising its value.

There is growing momentum behind the worldwide use of the 700
MHz band for mobile broadband applications

3.53

3.54

3.55

3.56

3.57

The most attractive option for providing additional harmonised mobile broadband
spectrum below 1 GHz is the 700 MHz band, which occupies the frequency range
694 to 790 MHz and is currently used to deliver Digital Terrestrial Television (DTT)
services (see figure 2). This is because:

¢ In North and South America (ITU Region 2): the 700 MHz band has already been
allocated to mobile broadband and is being used to deploy LTE based mobile
services on a mass market scale in the United States; other countries in the
region are also considering or moving towards use of this band for mobile
broadband over the next few years;

¢ In the Asia Pacific region (ITU Region 3): the 700 MHz band has already been
allocated to mobile broadband. Countries including Australia and New Zealand
are likely to release this band in the short term enabling LTE deployments, whilst
in others, like India, plans for release are currently at an early stage;

In Europe, Africa and the Middle East (ITU Region 1) a resolution was passed at the
2012 World Radio Conference (WRC 12) indicating that, subject to the completion of
relevant technical work, a decision to enable the 700 MHz band to be used for mobile
broadband will be taken at the next World Radio Conference in 2015. A key driver for
this was a strong desire by several African countries to launch LTE services in the
700 MHz band.

Whilst the WRC 12 decision creates a realistic prospect for an eventual release of
the 700 MHz band for mobile services in Europe, any such decision is likely to be
some years off pending the results of further studies and other technical work. This
will need to include amendment to the existing Geneva 06 agreement which
underpinned digital switchover in Europe, Middle East and Africa.

Our current view is that the need for an amendment to the Geneva 06 agreement
and subsequent bi-lateral frequency co-ordination agreements between neighbouring
countries, makes it unlikely that any clearance of the 700 MHz band to enable a
harmonised and coordinated release for mobile broadband use could start before
2018. This date is subject to a high degree of uncertainty because it is dependent on
the position adopted by other ITU-R region 1 countries on the future release of the
700 MHz band for mobile broadband. Many European countries, including the UK,
currently use of the 700 MHz band for DTT broadcasting.

However, the decision taken at WRC 12 to agree a future co-primary allocation of the
700 MHz for broadcast and mobile broadband services is highly significant because it

“ See section 5 of Real Wireless report: http://www.ofcom.org.uk/static/uhf/real-wireless-report.pdf
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now creates international momentum behind the long term global use of the 700 MHz
band for mobile broadband.

The global use of the 700 MHz band for mobile broadband is likely
to enhance the value that this band can provide in the UK

3.58

3.59

Given the resolution passed at WRC 12 regarding the 700 MHz band, we believe
there is now a realistic prospect of a globally harmonised use of the 700 MHz band
for mobile broadband in future. As described above a number of countries around the
world, including the US, India and Japan are actively deploying or considering
deploying LTE services in this band.

The global use of the 700 MHz band is likely to increase its value beyond the benefits
associated with reducing the number of new mobile sites required to meet the future
growth in demand for mobile broadband capacity and in improving the quality of
service coverage provided in difficult to reach indoor and outdoor locations. This
additional increase in value is likely to arise from:

Economies of scale in the development and production of equipment. As
more countries around the world use the 700 MHz band for mobile broadband,
manufacturers could achieve greater economies of scale for the research and
development and manufacture of new mobile network and handset equipment,
increasing the range of equipment available and reducing prices*’. Using the 700
MHz band for mobile broadband in the UK could therefore lead to greater
benefits if the band is widely adopted internationally, so that economies of scale
are realised. Given the prospects for a growing number of frequency bands
becoming available for mobile broadband described above, manufacturers could
potentially focus on developing new devices for frequency bands that are
adopted on the widest scale. If this were the case, then UK consumers could
benefit from a wider choice of devices through the global adoption of the 700
MHz band for mobile broadband*®.

More efficient use of spectrum. If following WRC 12 and WRC 15 decisions
some ITU Region 1 countries decide to use the 700 MHz band to deliver mobile
broadband services there will be a need for a new international frequency co-
ordination agreement for the use of this band to prevent interference between
mobile broadband and DTT services operating in different countries. If all
countries, including the UK, decide to use the 700 MHz band for mobile
broadband this will make it easier to manage interference between services
operating in neighboring countries, resulting in a more spectrally efficient
frequency co-ordination plan and spectrum efficiency gains in the UK and across
the rest of ITU region 1.

*"In practice the presence of different band plans for the 700 MHz band across different regions of
the world could pose some limits to the ability of equipment manufacturers to realise economies of
scale on a global scale. For example, as discussed in section 7, the bandplans recently defined by the
APT Wireless Forum (AWF) in ITU Region 2 (Asia-Pacific) differ from those adopted in the United
States. However, we would expect that manufacturers seeking to address the global market will seek
to produce equipment that has some flexibility to utilise different bandplans in this frequency range.

8 For example, the latest version of the Apple iPad tablet supports the 700 MHz band adopted in the
United States but not the 800 MHz and 2.6 GHz LTE bands.
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The benefit of aligning spectrum use in the UK with other neighbouring countries was
recently illustrated by the clearance of the 800 MHz band released by digital
switchover. Here an economic analysis found that the additional value achievable
from aligning the clearance of all of the frequencies in this band on a harmonised
European basis was £2bn to £3bn*°.This additional value arose from equipment
manufacturers being able to achieve greater economies of scale, reducing prices,
and in enabling a more spectrally efficient co-ordinated use of the 800 MHz spectrum
in the UK and in other European countries.

In summary, additional harmonised mobile broadband spectrum
has the potential to realise significant benefits and the 700 MHz
band could play an important role

3.61

3.62

In this section we have set out why we consider that the demand for mobile data is
likely to grow significantly over the next decade and beyond. This will require a
corresponding increase in mobile network capacity, and our view is that achieving
this increase in capacity is likely to deliver significant benefits to UK citizens and
consumers. Additional harmonised spectrum will play an essential role in providing
this additional capacity, and we consider that additional sub 1 GHz spectrum could
play an important role.

Ofcom has a duty to further the interest of citizens and consumers and to secure the
optimal use of spectrum. Ofcom has a potentially important role to play in helping
ensure that scarce spectrum resources are made available to services that can
deliver the largest benefits to citizens and consumers. Indeed, enabling the release
of additional spectrum to help meet the growth in demand for mobile services, has
been one of Ofcom’s key priorities over the past few years, and this was confirmed in
our Annual Plan for 2012/13. The upcoming award of 800 MHz and 2.6 GHz
spectrum will represent key milestones in making more spectrum available for mobile
broadband, but additional spectrum will be required if the demand for mobile data
continues to grow in line with analysts’ predictions.

Question 2: Do you agree that additional harmonised mobile broadband spectrum will play
an important role in meeting the future growth in demand for mobile broadband capacity?
What are your views on the overall quantity of harmonised spectrum that will be required to
meet future demand? How does this compare with the expected increase in spectrum for
mobile use discussed in this section?

3.63

3.64

Given the technical advantages of sub 1 GHz spectrum in helping to meet the growth
in demand for mobile data and in providing better quality of service in hard to reach
areas, and the increasing momentum behind the global use of the 700 MHz band for
mobile broadband, we consider it is likely that this band could play a special role in
delivering future benefits to UK citizens and consumers in future.

We also consider that, to maximise its benefits and reduce the number of new mobile
sites built in the future, the 700 MHz band would need to be available for release
before other capacity enhancing techniques (other than building more mobile sites)
have been exhausted.

9 See http://stakeholders.ofcom.org.uk/binaries/consultations/800mhz/statement/clearing.pdf
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Question 3: Do you agree that additional harmonised spectrum provided by the 700 MHz
band could play an important role in meeting the future growth in mobile broadband
capacity?

Question 4: Do you agree that the value of the role played by the 700 MHz band in meeting
the future growth in mobile broadband capacity would be greater if it becomes available
before other capacity enhancing techniques have been exhausted at existing mobile sites?

Question 5: What timing of 700 MHz release would maximise the benefits associated with its
use for mobile broadband?
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Section 4

Future DTT spectrum requirements

41

4.2

4.3

The prospect of a future release of the 700 MHz band has important implications for
the services that are currently delivered through access to this spectrum. This
includes DTT and other services sharing the spectrum it uses. Our long term
strategic approach for securing benefits from scarce spectrum resources in UHF
bands IV and V needs to consider these competing demands.

In this section we consider the future role the DTT platform is likely to play given
changes in viewer consumption and new platform developments, including IPTV.
This is to examine whether, absent major changes in the amount of DTT spectrum,
DTT would continue to deliver important benefits to citizens and consumers over the
long term

We also consider the impact that improved DTT compression and transmission
technologies, and a potential longer term transition from standard definition to high
definition broadcasting, could have on the future demands for spectrum by the DTT
platform.

The DTT platform is a successful consumer proposition

4.4

4.5

4.6

4.7

Since its launch, the DTT platform has become one of the most popular TV delivery
platforms in the UK. The foundation stones for this success were laid in the 1990s
with the launch of the first Pay TV services on DTT. The initial DTT transmission
infrastructure roll-out and the limited but material installed base of receivers were
important conditions for the following successful evolution of the platform.

The launch of Freeview on the DTT platform in 2002 resulted in a significant take-up
of DTT receivers, and a strong demand for DTT capacity from broadcasters. The key
factors contributing to this success have been the simplicity and appeal of a
multichannel free-to-view proposition, the marketing support provided by Freeview,
and the emergence of a large horizontal market for DTT receivers, with economies of
scale sustaining equipment innovation and lowering prices, and encouraging greater
adoption.

Freeview also plays an important role in making the Public Service Broadcasting
(PSB) channels universally available on a free-to-air basis after digital switchover.
This role is recognised by Government who have set a general target that DTT
coverage for the PSB channels should substantially match analogue coverage post
digital switchover.

More recently new features have been added to the Freeview proposition enabling it
to maintain its attractiveness to viewers given similar service developments on other
platforms. These include:

e Set-top-boxes with integrated Digital Video Recorders (DVR), marketed under the
Freeview+ brand;

e The launch of HD services, marketed as Freeview HD;
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e The provision of complementary IPTV-based services, adding video on-demand
(VoD) content and other internet-enabled features to the basic Freeview linear
proposition. These include IPTV services provided by BT Vision, Talk Talk TV
and soon-to-be launched YouView, backed by an industry consortium including
the PSBs, Argiva, BT and Talk Talk.

4.8 Figures published by Ofcom®® show that the DTT platform had a 38% share of main
TV sets in UK households by January 2011 (compared to 42% for satellite). This
figure rises to 61% for second TV sets (compared to only 14% for satellite). The
proportion of second sets using DTT has grown in relation to satellite as DSO has
progressed.

Figure 9 — Platform share for TV sets 1-4 in UK homes
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4.9 The same study showed that in Q1 2011 74% of UK homes (19m homes) used DTT
on at least one TV, with 51% of all UK TV sets being used primarily for DTT
reception. The next most popular TV platform, pay satellite, was used in 36% of UK
homes (9m homes) and on 25% of all UK TV sets.

Figure 10 — Market share of platforms across all TV sets Q1 2011
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Source: GfK research; Note: Total TV sets = 60 million

% Ofcom Digital Television Update, 2011 Q1 http://stakeholders.ofcom.org.uk/market-data-
research/tv-research/dtv/dtv-q1-2011/
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The DTT platform is currently used and valued by a significant number of viewers
and as a consequence provides significant economic value. Europe Economics
estimated that in 2006 the consumer value of terrestrial television overall (analogue
and digital) was £8.9 billion, which would be equivalent to approximately £10.6 billion
in 2011 allowing for inflation. This figure excludes any additional value provided by
the greater take-up of digital DTT services since 2006.

The universal availability of free-to-view services provided by DTT is also seen as
important by viewers.

o Ofcom’s PSB review, conducted in 2008, found that “over three quarters of
people agree that ‘it is important that TV is available to everyone™®'.

e Consumer research by Freeview in 2011 also suggested that 83% of
consumers agreed with the statement that “it is important there continues to be
access to digital TV without a monthly subscription as an alternative to pay TV in
the UK.

In conclusion, the current DTT platform as a whole is a popular consumer platform
delivering substantial value to UK citizens and consumers. In the two sub-sections
below we consider how its long term role is likely evolve with changes in wider audio-
visual delivery market and consumer media consumption.

DTT plays a key public policy role which is likely to be needed
beyond the next decade

4.13

4.14

4.15

As set out above, the services delivered by the DTT platform currently provide
significant benefits to UK citizens and consumers. In particular, from a public policy
perspective the DTT platform plays an important role in supporting the wider
ecosystem of PSB content creation and delivery. This has been recognised by a
Government decision to reserve some DTT platform capacity for the delivery of PSB
channels. In particular, the DTT platform fulfils a core public policy role in providing
universal low cost access to PSB channels. We believe it is unlikely, for the reasons
set out below, that alternative TV delivery platforms could provide an adequate
substitute for DTT in terms of fulfilling this public policy role within the foreseeable
future.

The role of the DTT platform in continuing to provide a universal low cost means of
accessing the PSB channels over the next 10-15 years is dependent on whether
wider future satellite, cable and IPTV platform developments could enable these
alternative digital television platforms to provide a viable substitute for DTT both in
terms of providing universal coverage and low cost access to digital television
content.

The large installed base of terrestrial television roof top antennas and the integration
of terrestrial receivers into television sets have enabled terrestrial television to
become the default low cost means of accessing the PSB channels. This role was
reflected in the Government decision that post digital switchover DTT coverage for
the PSB channels should substantially match the coverage of the analogue terrestrial

%! See http://stakeholders.ofcom.org.uk/binaries/consultations/psb2 1/annexes/annex6.pdf
%2 Source: Freeview research, as in 4G Omnibus — ICM Research Ltd, October 2011
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4.22

PSB channels. This requirement ensured that DTT households continued to have
access to PSB channels after digital switchover.

Whilst the PSB channels are also available on a free-to-air basis on satellite on a
near universal basis, households switching from DTT to satellite, who have only a
terrestrial aerial and a standard DTT enabled TV set, would need to bear the cost of
installing a satellite dish and acquiring a satellite receiver.

The PSB channels are also available on the cable platform but these services are
only available to approximately 50% of UK households and are only accessible as
part of a subscription package. We do not anticipate a significant expansion in cable
network coverage over the next decade that would enable a matching of the level of
coverage provided by the DTT platform.

Future IPTV developments could also be relevant to whether DTT’s role in providing
universal low cost access to PSB services is likely to remain relevant over the long
term.

To date, IPTV has had a limited impact on the TV delivery market and IPTV based
services have been primarily positioned as a complement to multichannel linear TV
services broadcast on more traditional terrestrial, cable and satellite platforms, as
opposed to providing a complete substitute for these platforms. Part of this is due to
the current technical limitations of the existing broadband infrastructure, which
currently makes IPTV better suited to:

o Delivering on-demand services as opposed to one-to-many broadcast services;

e Delivering a limited number of hours of TV content due to the high costs
associated with delivering high capacity video services on broadband networks.
In practice, many broadband subscription packages impose a monthly download
cap which has the effect of limiting the number of hours of video that can be
watched;

e Providing services in SD as opposed to HD due to the higher broadband speeds
needed to deliver HD services.

However, it is likely that all these limitations will be addressed in the future. For
example, the greater provisioning of broadband backhaul capacity and the wider
adoption of multicast technology on broadband networks could enable a more cost
effective delivery of broadcast content. There is also a high likelihood that higher
speed super fast broadband connections based on either fibre-to-the-cabinet or fibre-
to-the-premises technology will be rolled out on a universal basis in the future®,
enabling the simultaneous delivery of multiple HD streams to each household.

In addition, if viewer preferences were to progressively shift from linear broadcast TV
to on-demand TV consumption, IPTV would become better adapted to meeting
viewer expectations and may become more popular.

However, despite the technology improvements described above, we consider that
over the next 10 to15 years the lack of universal consumer take-up of broadband will

*® The UK Government has already committed to £530m funding to extend the rollout of superfast
broadband in rural areas.
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prevent IPTV from providing a complete substitute for DTT’s role in providing low
cost universal access to PSB services. Today, only 74% of UK households have a
broadband connection. DTT viewers who do not have a broadband connection would
need to bear the cost of acquiring one in order to access IPTV services. All DTT
households would also need to install IPTV compatible receivers to access TV
services.

Hence, whilst IPTV could potentially provide an alternative to DTT in providing
universal access to PSB content we believe that it is unlikely that there will be
sufficient consumer take-up of super fast broadband and IPTV receivers for IPTV to
provide a complete substitute for the DTT platform at least over the next decade.

We recognise that barriers to the take-up of broadband and IPTV could fall away
over much longer timeframes (e.g. post 2030). This could open possibilities of more
radical changes in the delivery of PSB services, thus leading to a potential rationale
for a DTT switch-off in the very long term. However, given the very speculative nature
of any analysis of developments over such a long timeframe, we do not consider it
appropriate to examine these possibilities further in this consultation.

Question 6: Do you agree that DTT will continue to play an important role in providing
universal low cost access to PSB content over at least the next decade?

The DTT platform is also likely to remain attractive to viewers over
the next decade

4.25

4.26

4.27

4.28

The DTT platform delivers wider benefits to citizens and consumers than simply
providing access to the PSB channels: it also provides viewers with access to a wider
choice of broadcast channels and platforms, which in turn facilitates more
competition in the delivery of digital television. In addition, the DTT platform supports
a significant horizontal consumer electronics retail market for DTT receivers, with an
estimated 65 million compatible receivers® sold up to 2011. This receiver market
enables a wider choice of TV receivers and reduces prices for consumers.

The ability of the DTT platform to continue to perform this role, absent significant
changes in spectrum availability, will depend on broader sectoral developments

One behavioural shift that could affect the future attractiveness of the DTT platform is
a shift in viewing behaviour towards on-demand consumption. Based on current
viewer behaviour, there appears to be a low probability of this happening in the short
term.

Results reported in Ofcom’s 2011 Communications Market Report® showed that
linear television remains popular with viewers and that the average linear TV viewing
time per day increased from 3.75 hours per viewer per day in 2009 to 4.04 hours per
viewer per day in 2010. In 2010, in those households with a DVR, 86% of the time
spent watching television was still spent watching live broadcasts rather than
recorded programmes. This ratio has held fairly constant since 2007 even though

% See submission by Freeview in response to our call for input:
http://stakeholders.ofcom.org.uk/consultations/uhf-spectrum-bands/?showResponses=true

% See htip://stakeholders.ofcom.org.uk/market-data-research/market-data/communications-market-
reports/cmr11/
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4.29

4.30

4.31

4.32
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DVR equipment has become more prevalent over the same time period. Video on
Demand (VoD) consumption on the TV using IPTV and cable is likely to currently
represents only a small proportion of total viewing.

Over the long term, however, it is possible that shifts in viewer behaviour towards
non-linear and other internet enabled features could become more prevalent. As
noted above, in such circumstances IPTV platforms may be better suited to exploiting
shifts in viewing behaviour. The complementarity and integration with IP-enabled
features could therefore become important for the ongoing attractiveness of DTT.

Propositions such as YouView, an IPTV based VoD service to complement DTT
broadcast linear channels due to launch later in 2012, could help meet future DTT
viewers demand for on-demand consumption and contribute towards maintaining the
attractiveness of the DTT platform.

A change in future viewer preferences from SD to HD could also impact on the future
attractiveness of the DTT platform. This is because HD services require significantly
more broadcast capacity than SD services. Capacity is much scarcer on the DTT
platform than on alternative high capacity satellite and cable platforms. However,
some HD services are already available on the DTT platform and improved
transmission and compression efficiency, including DVB-T2, MPEG 4 and future third
generation High Efficiency Video Coding (HEVC) compression are likely to enable a
significant number of HD channels to be added in the future. However, this outcome
will be dependent on the future amount of spectrum available for use by the DTT
platform.

We note that, given the likely resilience of the DTT platform to changes in viewer
behaviour and new service developments, analysts predict that, absent major
changes in the amount of available spectrum, the DTT platform will continue to hold a
significant share of primary TV sets for at least the next decade (see figure 11).
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Figure 11 — Historic and projected multichannel take-up in UK households (primary TV
sets) — 1998 - 2020
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Question 7: Do you agree that, absent major changes in available spectrum, DTT would
continue to remain attractive to viewers and deliver important benefits to citizens and
consumers over at least the next decade?

Improved video compression and transmission standards can
provide greater DTT spectrum efficiency

4.33 The DTT platform currently broadcasts on six multiplexes. Each multiplex uses
different channel frequencies in different parts of the country, depending on
international agreements and the need to avoid interference between transmitters.
The resulting transmission plan for each multiplex results in what is known as a multi-
frequency network (MFN).

4.34 Three of these six existing multiplexes are classified as PSB multiplexes®, which will
provide coverage to 98.5% of UK households after digital switchover, substantially
matching the coverage level previously provided by analogue terrestrial television.
Two of the PSB multiplexes currently deliver standard definition (SD) services and
the third delivers high definition (HD) services. The other three multiplexes are

% Two of these are operated by the BBC, with control of the third divided between ITV and Channel 4
under the operating name D3/4.

41



UHF strategy consultation

4.35

4.36

4.37

4.38

4.39

defined as commercial multiplexes®’, which will provide coverage to approximately
91% of the UK households after digital switchover. All of these commercial
multiplexes currently deliver SD services.

There are various developments which could change the amount of spectrum
required to broadcast TV channels on the DTT platform in the future:

e Improved digital transmission and compression efficiency technologies, including
DVB-T2 and H264/AVC, could enable more TV channels to be delivered using
the same amount of spectrum;

o There could be greater use of Single Frequency Networks (SFNs) as opposed to
Multi-Frequency Networks (MFNs). SFNs enable the same frequencies to be re-
used at adjacent transmitter sites, thus providing greater spectrum efficiency;

e On the other hand, HD could become the preferred viewer television format. This
would require a greater amount of broadcast capacity to be used to deliver each
TV channel. Looking further ahead, new immersive broadcast display formats
including 3DTV and ultra high definition television could further increase the
amount of broadcast capacity required to deliver each TV channel.

A study by ZetaCast on the technical evolution of DTT® commissioned by Ofcom
investigated the likely improvements in digital compression and transmission
efficiency to 2030. This study has identified anticipated improvements to the platform
that will be brought by successive first, second and third generation DTT multiplex
technologies:

First generation multiplex technology: The DTT platform currently operates with
five first generation DVB-T multiplexes. Two of these are PSB multiplexes and have
a capacity of 24.1 Mbit/s, whilst the remaining three commercial multiplexes use
slightly less robust DVB-T transmission parameters and provide a capacity of 27.1
Mbit/s. On each DVB-T multiplex approximately 1.5 Mbit/s is required to deliver
services other than the broadcast TV channels including EPG and interactive data.
The remaining 22.6 Mbit/s or 25.6 Mbit/s is available to deliver broadcast TV and
radio channels. No further improvements in DVB-T transmission efficiency are
expected.

The broadcast TV channels services delivered on first generation DVB-T multiplexes
operate using first generation MPEG 2 video and audio compression. This first
generation compression technology is now relatively mature and no further major
improvements in MPEG-2 encoder efficiency are likely to occur. This means that over
the next decade we can reasonably assume that each first generation PSB multiplex
will carry around nine SD broadcast TV channels and each first generation
commercial multiplex will carry around ten SD broadcast TV channels.

Second generation multiplex technology: The DTT platform currently operates
with one second generation DVB-T2 multiplex which provides an increased multiplex
capacity of 40.1 Mbit/s. This second generation multiplex delivers HD channels
encoded using H.264/AVC compression. Assuming again that 1.5 Mbit/s is required

" Two of these are operated by Argiva with the remaining multiplex under the control of SDN, which
is owned by ITV.
%8 http://stakeholders.ofcom.org.uk/binaries/consultations/uhf-strategy/zetacast.pdf
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to deliver services other than broadcast TV channels there is 38.7 Mbit/s available to
deliver HD channels.

440 H.264/AVC encoders are still continuing to improve, but at a slower rate than was the
case in the first few years after the initial services were launched. Given these future
improvements it is likely that the number of HD services that can be delivered on
each second generation multiplex will progressively increase from four to six over the
next few years.

4.41 Third generation multiplex technology: At present there are no third generation
multiplexes operating on the DTT platform. Third generation multiplexes will probably
continue to operate with DVB-T2 transmission technology. This is because significant
further improvements in multiplex transmission efficiency are only likely be achieved
by using MIMO technology. However, this would not represent a practical solution as
it would require all DTT viewers to change their roof top antennas.

4.42 However, these third generation multiplexes could operate with improved efficiency
HEVC video compression. The first HEVC encoders are expected to become
available in 2014 and to rapidly improve in compression efficiency in the first few
years before reaching a plateau by about 2030. If third generation multiplexes were
used on the DTT platform they would enable the delivery of five HD channels in the
full 1080p resolution format in 2015, 8 in 2020 before reaching a plateau of 10 HD
channels in 2030.

Second and third generation multiplex technology is not compatible with first
generation consumer receivers

4.43 Whilst second and third generation multiplexes are able to deliver significant
improvements in overall multiplex efficiency, they are not compatible with first
generation DTT receivers, which only support DVB-T transmission and MPEG 2
encoding.

4.44 Today analysts estimate that approximately 80% of DTT receivers used for primary

TV sets only support first generation DVB-T MPEG 2 multiplexes, but this is
estimated to fall to 10 to 20% of receivers by 2020 (see figure 12).
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Figure 12 - Projected penetration of DVB-T2 H.264/AVC compatible equipment on DTT
primary sets
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Sources: 3 Reasons Ltd — autumn 2011 multichannel model; Screen Digest, December 2011
forecasts.

4.45 The future growth in take up of second generation receivers is expected to be driven
by the greater consumer adoption of means to access improved functionalities,
including HD DTT services, which are broadcast on second generation multiplexes.

4.46 ltis also likely that the adoption of second generation receivers will be initially greater
on large screen primary TV sets than on second and third TV sets. Part of the reason
for this will be that the benefits of HD will be more visibly apparent to viewers on
larger sets. In part, even when HD is not the key factor driving the decision to buy a
new TV set, it will be because manufacturers tend to include the latest technology in
the various components of higher end products, to position them as future-proof.

4.47 Until there is universal adoption of second generation receivers there is likely to be
an ongoing need to duplicate the broadcasts of some TV channels on the DTT
platform using both SD (DVB-T MPEG 2) and HD (DVB-T2 H.264/AVC)*. This
approach provides:

e Continuing access to TV channels in SD on first generation receivers;

o Access to TV channels in HD on second generation receivers, providing also an
ongoing incentive for other DTT users to upgrade from first to second generation
receivers.

4.48 The need for continued simulcasting of certain channels in SD reduces some of the
spectrum efficiency gains that can be achieved from using second generation
multiplexes until there is a greater adoption of second generation receivers. Despite

% The simultaneous dual broadcasting of channels in both SD and HD is known as simulcasting.
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this, at this stage we do not favour the option of regulatory intervention to manage a
migration to second generation technology on the DTT platform because of the
switching costs and disruption this would cause for DTT users with first generation
receivers.

Instead we believe a better outcome is likely to be achieved through a market-led
transition to second generation technology on the DTT platform, driven by the wider
availability of HD and/or SD services delivered using second generation technology
which would encourage the greater consumer adoption of second generation
receivers.

We consider that there is likely to be a much lower level of adoption of third
generation receivers over the next decade. These third generation receivers are not
currently available in the market and are likely to be used to launch new picture
formats on the DTT platform such as: 1080p, 3DTV or ultra-high definition television
in order to provide an incentive for manufacturers to build third generation technology
into their receivers and for consumers to buy these receivers. There is currently an
uncertain level of demand for these new picture formats, which creates uncertainty
over when the launch of third generation multiplexes, and the technology take-up that
could be associated with it, may actually take place.

In conclusion, whilst second and third generation DTT multiplex technology will
provide significant improvements in DTT capacity, some of these capacity gains will
offset by the need to simulcast services using different DTT technologies to provide
ongoing access to legacy first generation receivers and a potential longer term
transition from SD to HD. Further improvements in spectrum efficiency could also be
provided by the wider use of SFN as opposed to MFN networks.

Question 8: What are your views on the future technical evolution of the DTT platform? Are
there other relevant factors affecting future DTT spectrum requirements that we should
consider as we develop an approach to secure benefits from UHF band IV and V over the
long term?

In summary, we believe it is appropriate to consider how to
safeguard benefits delivered by the DTT platform

4.52

4.53

4.54

The current DTT platform is a successful consumer proposition and current evidence
suggests that it delivers important benefits to viewers, not just in terms of making the
PSB channels available on a universal basis at low cost but also in terms of
supporting wider consumer choice.

Improved video compression and transmission standards will provide greater DTT
spectrum efficiency but the speed of adoption of these new standards is uncertain. It
is therefore uncertain what amount