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1 Executive summary

Background to the study 

Spectrum is a valuable resource that enables growth and innovation. It supports key wireless communications such as mobile phones, Wi-Fi and broadcasting and is also a critical input to enable delivery of essential services provided, and supported, by the public sector.

Services delivered using spectrum are not just valuable to consumers and operators, they also drive innovation: for example, mobile broadband services have made the internet pervasive, while TV has recently added high-definition (HD) and three-dimensional (3D) programmes. At the same time, spectrum that can be used without a licence opens up access to everyone, resulting in an industry built around the creation of Wi‑Fi services and devices, such as tablets, radios and remote monitors. Access to new spectrum bands, such as the ‘white spaces’ between TV channels, is leading to a new wave of innovation.

The industries which are major users of spectrum are themselves significant contributors to the economy. Key sectors of the wireless industry generated revenue totalling £37.3 billion in 2011 and contributed 117 500 jobs. In addition, mobile communications and other wireless applications are a significant component of the internet economy, which is growing rapidly, providing exciting opportunities for innovation and growth.

As an illustration, a recent study by AT Kearney found that the UK internet economy is worth £82 billion a year, equivalent to 5.7% of the country’s gross domestic product. Mobile internet connections are growing in significance, accounting for 16% of the internet economy. Analysys Mason estimates that mobile data traffic in the UK has grown by 25% in the last year  and that similar rates of growth will be maintained for the next five years. Other commentators, for example Cisco, are forecasting even more rapid growth in data traffic.

However, spectrum is a finite resource, similar to property. And like property, different types of spectrum have different values. Some spectrum bands are highly valuable, like property in the heart of London, while others resemble industrial estates. Continued increases in demand for spectrum make it desirable to review where spectrum use can add the most value to the economy, with the aim of making it available to operators and innovators to drive growth and competitiveness.

These developments have prompted the Department for Business, Innovation and Skills (BIS) and the Department for Culture, Media and Sport (DCMS) to take stock of the value of spectrum use to the UK economy and to understand key trends in service delivery and technology that will have an impact on future demand.

Whilst recognising the important role that spectrum has to play in the delivery of public services, this study has not attempted to quantify the value to society of spectrum in public use, although this is an important consideration in allocation decisions.

The study examines:

· The value of spectrum use to the economy, the relative importance of the constituent parts and changes since 2006 (the last time that a similar study was undertaken in the UK)

· Key future changes in spectrum use and requirements, taking into account developments in technology, new business models and demand for services

· Issues for policy makers to take into account when allocating spectrum use.
Value of spectrum use

In order to estimate the historical and future economic benefit of spectrum, we calculate the economic benefit to consumers from having access to services provided using spectrum (consumer surplus), and the surplus that producers earn from offering these services (producer surplus), which together comprise the economic welfare obtained from the use of spectrum. 

In addition, services enabled by spectrum support an entire industry of suppliers, ranging from FTSE 100 companies such as Vodafone and BSkyB, through to start-up companies that develop and sell mobile apps and content. We estimate the contribution to the economy of these companies in terms of the revenue and jobs that are created through the use of spectrum. 

We have not attempted to calculate the value of spectrum in public sector use, largely due to methodological difficulties in doing so, but acknowledge that this is likely to be significant.

Overall the economic value of spectrum use has increased significantly since 2006, from £35 billion to £52 billion, a real increase of 25%. 

The figures we have derived for each sector are summarised below.


	Spectrum use
	2006 
(£ billion)
	2011
(£ billion)
	Real % change 2006–2011
	10-year NPV
2012–2021
(£ billion)

	Public mobile communications
	21.8
	30.2
	16%
	273

	Wi-Fi 
	–
	1.8
	–
	25.6

	TV broadcasting
	3.6
	7.7
	79%
	86.0

	Radio broadcasting
	1.9
	3.1
	35%
	28.6

	Microwave links
	3.9
	3.3
	-29%
	22.1

	Satellite links
	2.8
	3.6
	7%
	31.3

	Private mobile radio
	1.2
	2.3
	55%
	19.2

	Total
	35.2
	52.0
	25%
	486


Much of this value – £30.2 billion or 58% – comes from public mobile communications, an increase in real terms of 16%. A significant proportion of this value (80%) comes from consumer surplus.

Growing demand for data services has led mobile operators to migrate from 2G to 3G and now 4G services that are more efficient while enabling greater data rates. However, mobile operators are asking for larger amounts of spectrum to be made available, both in order to deploy new technologies and to meet peak traffic demand for users expecting ever-greater mobile broadband data rates.

Our calculations indicate that the producer surplus for mobile operators is 76% higher in real terms in 2011 than in 2006 (£5.9 billion versus £2.8 billion), although this may be due in part to methodological differences between our study and the 2006 study, and we expect the annual producer surplus to decrease over the next ten years as operators invest in new technologies. 

Public mobile communications also supports a supply chain of infrastructure, equipment, applications and content providers and we calculate that total revenue from this industry is around £20 billion and that it accounts for 75 000 jobs. A recent study by Capital Economics estimates that the roll-out of 4G networks alone will result in an investment of £5.5 billion (excluding spectrum costs), which could support over 125 000 jobs for one year.

Our calculations indicate that the second largest component of value – £10.8 billion or 21% – comes from television and radio broadcasting. Again this increase may be due in part to differences in methodology between this study and the 2006 study but it is worth noting that the past five years have also seen the introduction of HDTV, as well as growth in the number of TV households and TV channels. 

Much of the surplus in broadcasting (83%) accrues to consumers, reflecting the fact that a large part of the producer sector (BBC etc.) is not for profit. We consider that for the next ten years terrestrial broadcasting and spectrum will continue to have a high value, but may decline after that as other platforms increase in importance. 

As with public mobile communications, the broadcasting industry supports a long supply chain, including content production, content aggregation, advertising, content distribution and equipment manufacture. We estimate that total revenue in the broadcasting value chain is around £16 billion, and that it supports 40 000 jobs.

Our estimate of the value of other uses of spectrum amounts to £11 billion, an increase of 16% in real terms since 2006. These uses include Wi-Fi, microwave and satellite fixed links and private business radio. Wi-Fi is an area of growing importance, providing benefits to both consumers and producers (the producers in this case being the mobile operators).

Future developments

Market, technical and commercial trends both in the UK and internationally all point towards continued growth in the public mobile sector, suggesting that its importance to the UK economy will continue to increase. Ensuring that sufficient spectrum is available to meet the requirements of this expanding sector has already been identified as a key priority for many governments, including in the UK where the Government has set a target to release 500MHz of spectrum for commercial use by 2020.

In the short term, there are network improvements that could be introduced within digital terrestrial TV (DTT) and digital audio broadcasting (DAB) platforms that would increase the attractiveness of these platforms to consumers (by enabling more HD and multimedia services to be delivered) as well as offering improvements in spectrum efficiency. Specifically, consideration is needed as to how and when the current DTT platform might be upgraded to deliver more HD content. In the longer term other platforms may start to take over from terrestrial broadcasting, but we believe that there will be no major shifts in the period to 2020.

The licence-exempt sector (including Wi-Fi, RFID and M2M
 applications and many more uses of short-range devices) is becoming increangly diverse, and innovators are emerging in the UK to offer new ways of delivering licence-exempt services. These include M2M applications such as smart energy meters and traffic control, healthcare applications, inventory tracking as well as Wi-Fi. These devices have significant potential to increase efficiency and contribute to the economy as well as encouraging innovation, which suggests the overall contribution to the economy from licence-exempt uses of spectrum may rise in future. In particular, licence-exempt spectrum may be a critical enabler for the multi-billion pound UK Smart Metering programme.
The proliferation of these devices raises issues as to how they access spectrum, including sharing spectrum with other users by accessing ‘white spaces’.

Issues for spectrum allocation

Our study has shown that the use of spectrum is increasing economic value, supports a significant supply chain in major industries and is driving innovation and growth, validating the Government’s approach to make more spectrum available for key uses by increasing efficiency in public sector use.

We were asked to comment on the implications that our findings on the economic value of spectrum and future developments could have for future spectrum allocations. Our comments fall into five main categories.

1. Supporting the future growth of the public mobile sector

As the highest value is likely to be obtained in the public mobile sector, releasing spectrum for this purpose will create most value. However, the value of spectrum for public mobile is maximised if it has been harmonised internationally, since the development of new smartphones, tablets and many other devices takes place at a global level. A programme of release therefore needs to go hand in hand with international efforts to agree bands for this use. A number of the bands being considered by international policymakers are allocated in the UK to the public sector, hence the work to release public sector spectrum can help the UK to take a lead in this area.

2. Supporting growth in other sectors that will be influenced by the growth in mobile data

Growth in demand for mobile broadband services will have implications for other sectors of wireless use, specifically for Wi-Fi (which is increasingly being used to offload data traffic from public mobile networks) and TV broadcasting (which is witnessing increasing use of mobile devices, most often connected via Wi-Fi, for TV viewing in the home and elsewhere). Increasing use of Wi-Fi may lead to future congestion within the spectrum that these systems use, particularly in the popular 2.4GHz band. It is important to ensure that low-power devices – including Wi-Fi – continue to have access to sufficient spectrum at a reasonable quality, to enable this sector of wireless use to continue to grow.

The global nature of Wi-Fi products means that the UK cannot act alone in releasing new spectrum for Wi‑Fi. The Government and Ofcom should seek to respond to international developments relating to licence-exempt spectrum, to make any newly designated spectrum available as quickly as possible. Ofcom has already shown leadership in this regard with its early proposals on the use of TV white spaces on a licence-exempt basis, and it will be useful for this momentum to be maintained.

3. DTT and DAB technology upgrades

Upgrading the rest of the DTT multiplexes to the DVB-T2 standards would create capacity for additional HD channels, while upgrading the DAB platform to DAB+ (or another alternative) would improve sound quality, and reception in weak signal areas. Although it may not be possible to complete these upgrades in the short term due to issues of equipment compatibility, greater clarity may be beneficial to the industry (and to consumers) in order to plan for any future changes, including use of the 600MHz and 700MHz bands, and implications in terms of migration to DVB-T2. We note that Ofcom has already consulted on a future strategy for UHF spectrum.

4. Better sharing of under-utilised spectrum

Technologies that enable more dynamic access to spectrum through situational awareness (often referred to as cognitive radio but in practice incorporating a range of technical innovations) have been highlighted by industry and governments as a key area for future wireless technology and policy focus. Although we believe that cognitive radio is still some years away from commercial implementation, the Government and Ofcom should consider how spectrum policy can support these future developments, for example by considering new licensing models for shared spectrum use, and enabling better shared access to under-utilised spectrum while protecting existing users (especially the users of passive services which cognitive systems cannot detect).

5. Release of public-sector spectrum

While the release of public-sector spectrum in the UK for commercial exploitation is a positive development, the additional benefits from harmonising releases on an international basis have already been noted. In addition, the value of spectrum releases is likely to be increased if it is available in larger contiguous blocks. In considering public-sector spectrum this supports an approach to rationalise use by planning across Departmental boundaries.

2 Introduction

2.1 Structure of this report

This report has been prepared by Analysys Mason as part of a study of the impact of radio spectrum on the UK economy and the factors influencing future spectrum demand, undertaken on behalf of the Department for Business Innovation and Skills (BIS) and the Department for Culture, Media and Sport (DCMS). The study has quantified the economic impact of the current uses of radio spectrum in the UK, and has also considered how future demand for spectrum might develop and the implications of this for the future value of spectrum. The results are intended to provide an input to the decisions that BIS and the UK Government will take in relation to releasing up to 500MHz of spectrum from public-sector use for commercial use by 2020. This document is laid out as follows:

· Section 3 briefly describes the methodology that we have used to calculate the economic welfare benefits of different types of spectrum use (more details of our modelling approach are provided in Annex B).
· Sections 4 to 8 analyse the value generated by the use of spectrum across sectors. Where possible we estimate the consumer and producer surplus generated, and the revenue and employment created. We also comment in a qualitative way on the indirect value created. The five categories of spectrum use we consider are:
· the major commercial uses, i.e. for public mobile telecoms and broadcasting services (Section 4)
· Wi-Fi and other licence-exempt uses (Section 5)
· use for other telecoms services, especially microwave links and satellite communications (Section 6)
· use for programme making and special events (PMSE) and private mobile radio (PMR) (Section 7)
· public-sector uses (Section 8).
· In Section 9 we then discuss future shifts in spectrum use and value.
· Finally, Section 10 provides the overall observations from the study, in terms of conclusions and recommendations.
The report has three annexes:
Annex A explains how spectrum is allocated in the UK
Annex B describes the models that we used to estimate the economic welfare arising from the use of spectrum in the UK
· Annex C provides definitions of the abbreviations used in the report.

To provide some context for the report, in the sections immediately below we give an overview of key aspects of radio spectrum, and describe the background to the present study. 

2.2 Radio spectrum: what is it, how is it used and what are the constraints?
Mobile handsets, TVs, radios, Wi-Fi devices and other wireless communications equipment all rely on radio spectrum. This section explains:

what radio spectrum is

how information is transmitted – including the benefits of moving from analogue to digital

the difference between one-way transmission (e.g. TV) and two-way transmission (e.g. mobile communications)

· the constraints around the use of spectrum, including the problems of interference.
2.2.1 What is radio spectrum?

Radio waves are a form of electromagnetic radiation with a wavelength that is longer than visible light. They travel at the speed of light, which is approximately 300 000km per second (186 000 miles per second) in free space. Radio waves can be grouped according to the length of the wave, and so may be referred to as ‘medium wave’ or ‘long wave’ radio. The higher the frequency, the shorter the wavelength (since frequency multiplied by wavelength equals the speed of light). The frequency of the wave cycle is measured in hertz (Hz), where one hertz equals one cycle per second. The usable part of the radio spectrum extends from around 3kHz (3000 hertz, equivalent to a wavelength of around 100km) to 300GHz (300 billion hertz, equivalent to a wavelength of around 1mm)
The radio spectrum is conventionally divided into eight frequency bands, starting with Very Low Frequency (VLF), which extends from 3kHz to 30kHz, and ending with Extra High Frequency (EHF) at 30GHz to 300GHz (see Figure 2.1). Each of these eight successive bands contains ten times as much spectrum as the one immediately below it. This is the fundamental reason why the low-frequency bands can only be used to support relatively low-bandwidth applications.
Figure 2.1: Spectrum usage [Source: Analysys Mason, 2012, based on an earlier version by Ofcom and PwC]

[image: image1.wmf]V

e

r

y

 

L

o

w

 

F

r

e

q

u

e

n

c

y

L

o

w

 

F

r

e

q

u

e

n

c

y

M

e

d

i

u

m

 

F

r

e

q

u

e

n

c

y

H

i

g

h

 

F

r

e

q

u

e

n

c

y

V

e

r

y

 

H

i

g

h

 

F

r

e

q

u

e

n

c

y

U

l

t

r

a

 

H

i

g

h

 

F

r

e

q

u

e

n

c

y

S

u

p

e

r

 

H

i

g

h

 

F

r

e

q

u

e

n

c

y

E

x

t

r

e

m

e

l

y

 

H

i

g

h

 

F

r

e

q

u

e

n

c

y

VLF

LF

MF

HF

VHF

UHF

SHF

EHF

kHz

MHz

GHz

3

30

300

3

30

300

3

30

300

Increasing range

Decreasing bandwidth

Decreasing range

Increasing bandwidth

3

0

0

4

0

0

5

0

0

6

0

0

7

0

0

8

0

0

9

0

0

1

0

0

0

1

1

0

0

1

2

0

0

1

3

0

0

1

4

0

0

1

5

0

0

1

6

0

0

1

7

0

0

1

8

0

0

1

9

0

0

2

0

0

0

2

1

0

0

2

2

0

0

2

3

0

0

2

4

0

0

2

5

0

0

2

6

0

0

2

8

0

0

2

9

0

0

3

0

0

0

3

2

0

0

3

3

0

0

3

1

0

0

3

4

0

0

3

5

0

0

3

6

0

0

3

7

0

0

2

7

0

0

Medium wave 

radio

FM radio

Satellite

broadcasting

TV broad

-

casting

‘

D

i

g

i

t

a

l

 

d

i

v

i

d

e

n

d

’

 

4

G

2

G

 

m

o

b

i

l

e

S

a

t

e

l

l

i

t

e

 

c

o

m

m

u

n

i

c

a

t

i

o

n

s

2

G

 

m

o

b

i

l

e

3

G

 

m

o

b

i

l

e

W

i

-

F

i

,

 

B

l

u

e

t

o

o

t

h

4

G

 

m

o

b

i

l

e

E

m

e

r

g

e

n

c

y

 

s

e

r

v

i

c

e

s

A

e

r

o

n

a

u

t

i

c

a

l

A

e

r

o

n

a

u

t

i

c

a

l

D

e

f

e

n

c

e

,

 

s

c

i

e

n

c

e

 

&

 

m

e

t

e

o

r

o

l

o

g

y

B

u

s

i

n

e

s

s

 

r

a

d

i

o

D

e

f

e

n

c

e

F

u

t

u

r

e

 

m

o

b

i

l

e

Long wave 

radio

DAB radio

“Sweet spot”

Electric waves

Radio waves

Infra

-

red

Visible light

Ultra violet

X

-

rays

Gamma rays

Cosmic rays

M

i

c

r

o

w

a

v

e

 

c

o

o

k

e

r

s


The ‘sweet spot’ for commercial uses of spectrum
Spectrum can only be put to commercial use if certain prerequisites are met. The economics of a mobile telecoms network, for example, are heavily dependent on the distance that the signal can travel. Lower-frequency signals will fare better than higher-frequency signals over longer distances, and in addition will give superior indoor reception. This gives lower-frequency spectrum some attractive characteristics, but also implies a number of other disadvantages (such as a need for larger antennas). 
These characteristics, coupled with the shortage of bandwidth in certain bands, have led to the emergence of a ‘sweet spot’ for many commercial applications, which broadly coincides with the Ultra High Frequency (UHF) band, i.e. 300MHz to 3GHz. Radio signals in this frequency range have a typical range of a few kilometres to a few tens of kilometres, work well indoors (particularly at the low end of the band) and require an antenna size that can be readily incorporated into handheld equipment. 
Within the UHF band, sub-1GHz spectrum is generally more highly prized than spectrum in the 1–3GHz range because it has an appreciably longer range (meaning that fewer base stations are required to cover a given area) and penetrates buildings better (making it suitable for indoor coverage).

Analogue and digital transmission

Radio waves can be used to transmit information in analogue or digital form. Medium wave radio is typically broadcast as analogue transmission, in which the amplitude of the carrier signal is varied continuously so that it replicates the amplitude of the original sound wave. In digital communication the information to be transmitted is coded as a series of binary digits before being transmitted.

Generally speaking, digital transmission makes much more efficient use of radio spectrum. For example, in the case of TV, an analogue system would require around eight times as much spectrum as a digital system to transmit an equivalent signal. The transition from analogue to digital broadcasting in terrestrial TV not only allows more channels to be transmitted than before (including some HD channels, each of which requires four to five times the bandwidth of a standard-definition channel), but also allows more spectrum to be made available for mobile communications (the so-called ‘digital dividend’).

2.2.2 One-way and two-way transmission

Some applications of spectrum only require information to be sent in one direction (e.g. radio and TV broadcasting) while other applications require two-way communication (e.g. mobile telecoms). Generally speaking, a particular frequency can only be used to send information in one direction at a time, otherwise the signals interfere with each other. In a walkie-talkie this is accommodated by using a single channel alternately for transmission and reception, with a push-to-talk button on each user terminal. However, for mobile telecoms (and a variety of other applications) it is desirable to have simultaneous two-way (duplex) communication.

The traditional way of enabling duplex communications, dating back to the time when most radio communications systems were analogue, is to use two different frequencies. This is called frequency division duplexing. To achieve this, spectrum is typically allocated as a paired block of spectrum comprising two separate bands (usually of equal size). One band is designated for transmission from the base station to the terminal, while the other is designated for transmission from the terminal to the base station. This arrangement is efficient when roughly equal amounts of information need to be transmitted in each direction (as in a voice call), but it does not make very efficient use of spectrum if the information flow is highly asymmetrical (as it typically is when someone is browsing the web or streaming audio or video content). 

However, with modern digital electronics it is also possible to divide a single radio channel into a large number of short time slots, used alternately for transmitting and receiving. This approach, known as time-division duplexing, avoids the need for paired spectrum. Moreover, many standards for time-division duplex communications allow the amount of capacity in each direction of transmission to be altered by varying the proportion of timeslots allocated to transmit and receive, which improves the efficiency of spectrum use in the case of asymmetric information flows. Wi-Fi is a widely used application of time-division duplex technology.

Today, for legacy reasons, paired spectrum still tends to be more valuable than unpaired spectrum. For example, in recent 4G auctions in Europe, 2×5MHz of paired spectrum has typically sold for more at auction than 10MHz of unpaired spectrum, although this is by no means a universal trend, and may change in future based on changing demands for spectrum and increasing use of asymmetric data, for which the use of unpaired spectrum offers some benefits.

2.2.3 Managing spectrum use in the UK

The civilian use of spectrum in the UK is managed by Ofcom, which is responsible for issuing licences (and making certain bands available on a licence-exempt basis), developing policies to ensure that spectrum is used efficiently, and consulting on new uses of spectrum.
In the licensed bands, such as those used by broadcasters and mobile network operators, the licences specify how the spectrum can be used – for example, how much power can be used for transmissions. Licence-exempt bands – such as those used for Wi-Fi – can be used by anybody, provided that the equipment used meets a specific standard designed to ensure that it does not cause interference to other users of the same or neighbouring spectrum.
There are also various other regulatory models for spectrum access, falling somewhere between licensed and licence-exempt, and typically involving multiple users being granted concurrent rights of use in a given frequency band, with obligations on systems to self-coordinate. Examples of these in the UK include a small block of 1800MHz spectrum (referred to as the ‘DECT guard band’) and spectrum in the 5.8GHz range. In future, we expect to see a greater use of shared methods of spectrum access in certain bands, including innovative models for sharing spectrum between licensed and licence-exempt users. This matter is discussed later in this report.
Dealing with the problem of interference

Radio transmitters operating in identical or adjacent frequencies will cause and suffer from interference. In analogue communications systems this may result in the sound becoming distorted or another channel breaking through; while in digital data communications it can cause data packets to become corrupted, resulting in the need for re-transmission which reduces the effective throughput of the link. In radar systems interference may prevent the objects from being detected or located with precision. It is for this reason that the majority of the radio spectrum in the UK and other countries is licensed to specific organisations for specific purposes, and often in specific locations. This is also the reason why radio licences usually specify technical parameters such as the maximum power that can be transmitted. In the UK it is Ofcom that has responsibility for monitoring the airwaves to identify cases of interference and take action against illegal broadcasters and the use of unauthorised wireless devices.
Licence-exempt spectrum is open for general use, and is constrained by a relatively low maximum power threshold which limits the range of transmission and thus reduces the potential for interference. In addition, the standards developed for licence-exempt equipment are designed to mitigate the effects of interference by, for example, making devices able to ‘hop’ between a number of different frequencies within the permitted band.

For licensed applications, interference mitigation techniques are also becoming increasingly sophisticated. For example, first- and second-generation (2G) public mobile networks minimised interference by using different frequencies in adjacent cells, but third-generation (3G) networks use the same frequency in all cells, relying instead on advanced digital signal processing techniques to maintain optimal transmission power levels at all times and to distinguish between data and background noise. In 4G systems, there are options to use the same frequency in all cells or different frequencies in adjacent cells. The ability to use the same spectrum in adjacent cells is one factor that has contributed to an increase in the spectral efficiency of public mobile networks, i.e. the amount of information that they can carry in a channel of specified bandwidth.
2.3 Background to the study

Radio spectrum is a finite, sought-after resource that is essential to the delivery of many different wireless applications. The demand for, and use of, wireless applications has risen dramatically over the past two decades, with key growth areas being in mobile broadband services delivered to smartphones and tablet devices, digital broadcasting and a range of low-power wireless devices used in homes and in the workplace. Demand for radio spectrum is not uniform: some frequencies are in significantly greater demand than others, and demand also varies in different locations (being greater in densely populated urban areas than in more sparsely populated rural areas).

In frequency bands above 1GHz, spectrum availability is less constrained, and usage is also less congested. Unfortunately, higher frequencies have less attractive propagation characteristics: the signal does not cover as much area, or propagate inside buildings, and so traditionally demand for radio spectrum for a range of major users/uses has focused on bands below 1GHz. Applications that use bands below 1GHz include all of the major commercial uses of spectrum (TV and radio broadcasting and mobile telecoms, including cellular and PMR). 
The shortage of spectrum below 1GHz has led to increases in demand for spectrum in the 1GHz–3GHz range over the last decade, and this spectrum is increasingly being used for applications such as cellular mobile and wireless broadband services, which have witnessed significant growth. As well as offering greater capacity, spectrum in this range also supports wider channel widths, and is therefore of use for adding capacity to support high end-user data rates in mobile broadband networks.
In order to value the uses of radio spectrum, Ofcom and its precursors conducted a sequence of studies between 2000 and 2006 to estimate the value of different uses of radio spectrum to the UK economy. The most recent study was undertaken for Ofcom by Europe Economics in 2006
 and drew heavily on the methodologies and data inputs developed in the earlier studies. In the present report we refer to this study as ‘the 2006 study’.
Prior to that, a study in 2000 estimated the total value of the radio industry to the UK economy by considering the consumer and producer surplus from different uses. The total value was found to be £20 billion (in 2000 prices). The study looked at public mobile, TV and radio broadcasting, satellite links, terrestrial fixed links, PMR, maritime uses, aviation, amateur radio and citizens’ band. This study was updated in 2002 by the Radiocommunications Agency, using a similar approach. The total value was found to have increased to £24 billion (in 2002 prices).
The 2006 study took a similar approach to both of the previous studies, and found that the total value had increased to £42 billion (in 2006 prices). The study considered public mobile, TV and radio broadcasting, satellite links, fixed links, Wi-Fi, PMR, and also provided high-level estimates for non-commercial aviation, amateur radio, citizens’ band and other uses. The study also estimated the total revenue generated by firms for which radio spectrum contributed substantially to turnover: this was estimated at £37 billion (in 2006 prices).
Since 2006, there has been dramatic increase in demand for, and use of, various wireless applications, with key growth areas being in wireless and mobile broadband services, and Wi-Fi. With this in mind, BIS and DCMS commissioned the present study to provide an updated view of the value of radio spectrum use to the UK economy, with particular focus on the major uses and users of spectrum, and the key growth areas that have emerged since the 2006 study. 

The 2006 study found that mobile and broadcasting spectrum generated the largest direct economic welfare benefit. We believe that the use of economic welfare benefit as the primary measure of the value of spectrum use to the UK economy is still sound, but we consider that there have been significant changes since 2006 in the way that spectrum is used in both industries:

· Mobile: the use of smartphones on mobile networks is now widespread and the volume of mobile data traffic has grown rapidly to exceed the volume of mobile voice traffic carried over all cellular networks in the UK (which was not the case in 2006). The first LTE (4G) service in the UK was launched by EE in October 2012 (using 1800MHz spectrum) and additional mobile spectrum in the 800MHz and 2.6GHz bands will be auctioned by Ofcom in 2013, enabling the launch of LTE services by other operators.

· Broadcasting: although HDTV was launched on the Sky satellite platform in May 2006, relatively few homes could receive it at the time, whereas now it is available on both satellite and terrestrial platforms, and a third of homes now have access to HDTV in their living room.
 In addition, the digital switchover will be completed throughout the UK before the end of 2012, and digital TV is already being upgraded to provide new services such as HDTV.

In the light of these developments we decided to build new models to calculate the consumer and producer surpluses generated as a consequence of the use of mobile and broadcasting spectrum. We have also developed a new methodology to estimate the consumer and producer surplus from Wi-Fi (based on the use of Wi-Fi networks to offload data traffic from mobile networks) which we believe to be more robust than the approach taken in the 2006 study. Our modelling approach is described briefly in Section 3, and in more detail in Annex B.
The other uses for spectrum considered in the 2006 report – fixed terrestrial links, radio broadcasting, PMR and satellite links – had considerably lower direct welfare benefits, and we believe that the changes in these uses since 2006 have less far-reaching implications. Consequently, this study simply updates the 2006 findings for these services in the same way that the 2006 study updated the 2002 and 2000 studies.

In addition to the economic welfare approach, for key uses we have also considered the contribution to the UK economy in terms of revenue and employment across the value chain.

Another important issue that this study has considered is how benefits might shift in the future as a result of technology, market or consumer trends, and what this means for the UK Government in terms of policy-setting in relation to the release of spectrum in bands currently assigned for public-sector use. Finally, we have considered the implications for the Government’s strategy relating to planning for future spectrum availability in the UK.

3 Methodology for calculating economic welfare benefits
In this section we provide a brief description of our principal approach to assessing the value of spectrum use to the UK economy, which is based on an assessment of the economic welfare that results from the use of radio spectrum. More details are provided in Annex B. Overall economic welfare is defined as the sum of consumer surplus, producer surplus and external benefits. Both consumer and producer surplus are economic concepts used to measure intangible goods or services:

· Consumer surplus is a measure of the difference between what consumers would be willing to pay for a good or service and what they actually have to pay: for example, if you would be willing to pay up to £50 per month for your mobile telecoms service but you only actually pay £30 per month, then you have a surplus of £20 per month. Of course, the difference between what someone would be willing to pay for mobile service and what they actually pay varies from person to person: the total consumer surplus is the sum of all of these individual values.
· Producer surplus is a measure of the difference between the amount that a supplier charges for a good or service and the least that the supplier would be willing to sell it for (typically the supplier’s marginal cost of production): for example, if your mobile provider charges you £30 per month for service but the marginal cost to the provider is only £20 per month, then the company gains a surplus of £10 per month from you. As with consumer surplus, the total producer surplus is calculated by summing the individual surpluses earned from each customer.
It is possible to estimate welfare benefits for a given year, or consider them over a longer period of time. The 2006 study only estimated values for a single year. We have estimated the single-year values for 2011, for ease of comparison with the 2006 results. However, given that spectrum is generally allocated and used for long periods of time, we feel that it also appropriate to consider the net present value (NPV) over an extended period. For public mobile, we have chosen to calculate NPV over a ten-year period because this corresponds roughly to the length of previous mobile technology cycles.
 We have also calculated the NPV over a ten-year period for other spectrum uses, as this allows the results to be compared more easily with those for public mobile (although we accept that the technology cycle for other uses such as TV broadcasting has historically been longer than for public mobile).

In addition to consumer and producer surplus, which are described as ‘direct’ welfare benefits, there are also widely considered to be indirect or external welfare benefits to society as a whole from the use of radio spectrum. For example, the availability of public mobile telecoms services makes it easier for motorists to report accidents, allowing the emergency services to respond more quickly and efficiently, which in turn allows any injuries to be treated more quickly and congestion caused by traffic accidents to be minimised. External welfare benefits are typically much more difficult to quantify than direct welfare benefits, and we have not attempted to do so in this report. We do, however, comment on the type of external benefit that may exist.
We have not attempted to quantify the benefits arising from public-sector use of spectrum (largely due to methodological difficulties in, for example, quantifying the value of the defence, emergency services or aviation to the UK economy and the contribution that the use of radio spectrum makes to this value). We therefore believe that the total benefit highlighted in this report is likely to be a significant underestimate of the total value of spectrum use in the UK.
4 Public mobile communications and TV/radio broadcasting
4.1 Overview and key results
This section describes the economic benefits and contribution to the economy generated by the major commercial sectors of the UK communications industry that use spectrum: the public mobile and broadcasting sectors. Ofcom’s 2006 study identified these two sectors as contributing the most value to the UK economy. 
Public mobile services
Public mobile services are provided by Vodafone, O2, Everything Everywhere (which markets its services under the Orange and T-Mobile brands) and Hutchison 3G (which markets its services under the 3 brand). Three of these operators – Vodafone, O2 and Everything Everywhere – operate both 2G and 3G mobile networks. Hutchison 3G operates a 3G mobile network only. 
The amount of mobile data traffic has been growing rapidly in recent years. Currently, the majority is carried over 3G networks (with 2G networks making a small contribution), and new technologies are being designed to accommodate very high levels of data traffic in an efficient manner. The fourth generation (4G) of mobile networks is expected to be based on LTE technology, which is already being rolled out in a number of other European countries. The existing UK mobile operators are therefore expected to participate in Ofcom’s so-called 4G auction – comprising spectrum in the 800MHz and 2.6GHz bands – which is scheduled to take place in 2013. The auction may also attract new entrants to the UK mobile sector.

In our modelling of the economic impact of public mobile spectrum use, we have considered the value of spectrum in today’s use (i.e. for 3G mobile), as well as how value might shift over the coming years as network operators start to roll out new 4G networks. 
Public mobile services: consumer surplus, producer surplus and NPV
Our results suggest that public mobile telecoms represent the most valuable use of spectrum in the UK: our indicative estimate of the consumer surplus from public mobile in 2011 is £24.2–28.2 billion, a 7–25% increase in real teams since 2006, 
 while our indicative estimate of producer surplus is £5.9 billion, a real-terms increase of 76%. The increase in producer surplus may be due, in part, to methodological differences between our study and the 2006 study. For 2012–21 the net present value (NPV) of the direct welfare benefits from public mobile services is estimated at £273–341 billion. (To put this in perspective, the proposed new high-speed rail line (HS2) is expected to generate benefits with an NPV of £47–59 billion over 60 years.
) 
Around 90% of this value will be enjoyed by consumers, who will be able to increase their usage of their mobile handsets for voice and increasingly data, while enjoying new services and lower prices. Operators will realise a lower surplus over the next ten years, owing to the investments needed to deliver 4G services and expand their networks to meet demand.

As a further measure of the value to the UK economy resulting from the use of spectrum to provide public mobile services, we also estimate the revenue and employment generated in different parts of the mobile services value chain. This value chain includes five activities – infrastructure (such as mobile base station sites), network equipment, network operations, devices, and mobile content. 
Public mobile services: revenue and employment
Currently the total revenue across the mobile value chain is around £20 billion per annum, with an employment level of around 75 000. 

TV and radio broadcasting
In assessing the value to the UK economy of TV broadcasting, we have considered two technologies: firstly, digital terrestrial TV (DTT) broadcast by the BBC, ITV, Channel 4 and Five and other commercial channels; and secondly, direct-to-home (DTH) satellite TV broadcast by British Sky Broadcasting (trading as Sky) and Freesat.
 
TV broadcasting: consumer surplus, producer surplus and NPV
Our indicative estimate of the consumer surplus from TV broadcasting in 2011 is £6.2 billion, while our indicative estimate of the producer surplus is £1.5 billion. The corresponding figures for 2006 are £3.4–£5.9 billion for the consumer surplus and £0.2 billion for the producer surplus. We believe that it is reasonable to expect an increase in the economic welfare benefits from broadcasting since 2006, because there have been increases in the number of TV households and TV channels, and HDTV has been introduced. However, the difference between our estimate and the 2006 figures may also be due in part to methodological changes. Looking at the next ten years, our results suggest that TV broadcast is the second most valuable user of spectrum in the UK, with an NPV of £86 billion over the next ten years. 
Of this value, 84% is enjoyed by consumers, much of it from DTT services for which the willingness to pay is significantly higher than the licence fee. On the flip side, most of the producer benefit comes from DTH subscription services – the gain from DTT is low due to the not-for-profit nature of the BBC.

Turning to radio broadcasting, we have considered digital audio broadcasting (DAB) provided by the BBC and commercial stations, and AM/FM analogue radio broadcasting provided by the BBC and a variety of commercial and community stations. 
Radio broadcasting: consumer surplus, producer surplus and NPV
Since 2006, we estimate that consumers have realised a 42% real-terms increase in the benefits from radio, which have risen to £2.7 billion, while producers (broadcasters) have seen a very small decline. Radio broadcast has a significant NPV of £28.6 billion over the next ten years, with consumers realising the majority of the benefits as they are not required to pay for a licence, while much of the broadcasting is by public service broadcasters.

As a further measure of the value to the UK economy resulting from the use of spectrum for broadcasting purposes, we have also estimated the revenue and employment generated in different parts of the TV and radio broadcast value chain. The value chain includes five activities – content production, content aggregation, advertising and sponsorship, distribution, and equipment. 
TV and radio broadcasting: revenue and employment
Currently the total revenue across the TV value chain is around £16.1 billion per annum, with an employment level in excess of 40 000. Total revenue across the radio value chain is around £1.2 billion and we estimate that total employment is around 2500.

4.2 Public mobile communications
Public mobile communications generally refer to the consumer services provided by 2G, 3G and 4G cellular telecoms networks, which comprise an increasing range of voice, data and mobile video services. In 1Q 2012, 92% of UK adults had a mobile handset, up from 78% in 1Q 2006 when the last study on the value of spectrum use to the UK economy was concluded.
 However, in 1Q 2012 the total number of handset subscriptions in the UK was around 20% higher than the total population,
 so a significant proportion of the population owns more than one mobile handset.

The number of mobile-only homes (i.e. homes without fixed-line telephony) has increased from 10% of homes in 2006 to 15% in 2012, but 33% of 16–24 year olds and 26% of 25–34 year olds now live in mobile-only households.

Usage of mobile voice services is relatively stable but usage of mobile data services is increasing rapidly. Smartphone ownership rose to 39% of UK adults in 1Q 2012, up 12 percentage points on 2011, but 66% of those aged 16–24 and 60% of those aged 25–34 have a smartphone. Partly as a result of the increasing penetration of smartphones, the average time spent using mobile data services in 2011 was 2.1 hours per day, a 25% increase on 2010. Over four in ten smartphone users say their handset is more important for accessing the internet than any other device, while 41% of smartphone users say that they are ‘addicted’ to their mobile handset.

Tablet ownership is also rising rapidly, from 2% of UK households in 1Q 2011 to 11% in 1Q 2012, while 17% of households say that they intend to buy a tablet in the next year. Around one-third of these tablets are currently 3G-enabled (the rest connect to the internet via Wi-Fi). Ofcom’s latest consumer survey found that 13% of UK adults had a mobile broadband connection in their household in 1Q 2012, but this figure may not be very accurate since it actually represents a fall of four percentage points compared to the previous survey in 1Q 2011, even though mobile operators report that the number of mobile broadband connections rose over the period. One-third of tablet owners said they ‘could not live without’ their tablet computer, while 63% rated their tablet better than their initial expectations.
Radio spectrum in three bands is used to provide public mobile services in the UK. Two operators – Vodafone and O2 – hold licences to use spectrum in the 900MHz range, for 2G and 3G services. Three operators – Vodafone, O2 and Everything Everywhere – hold licences for spectrum in the 1800MHz range for 2G and 3G services, although currently Everything Everywhere holds the majority of spectrum in the 1800MHz band. All four of these operators together with a fifth, H3G (which trades as Three), hold licences to use spectrum in the 2100MHz range, for 3G services. 

Each of the bands used by UK mobile operators is harmonised internationally. At a global level, the ITU-R
– the Radiocommunications sector of the International Telecommunications Union – co-ordinates spectrum use and equipment standards for public mobile services. A wide range of studies leading to harmonised spectrum and standards for 3G/4G use have been established through the ITU-R’s International Mobile Telecommunications (IMT) programme.

Various global technology standards are collectively referred to as IMT standards. The predominant standards for 3G/4G use are the 3GPP UMTS/LTE standard and the WiMAX standard developed by the Institute of Electrical and Electronic Engineers (IEEE). The 3GPP standards are the most widely deployed in Europe; WiMAX is not deployed nationally in the UK (although WiMAX-based systems are used in some rural areas for wireless broadband access, using ‘lightly licensed’
 5.8GHz spectrum).

4.2.1 Economic welfare benefits: public mobile communications
We have built a new model to calculate the consumer and producer surplus from mobile voice and mobile data services. A detailed description of the modelling methodology and assumptions can be found in Annex B. 
Consumer surplus

New estimates of consumer surplus would ideally be based on new primary research to determine how much consumers would be willing to pay for a mobile service. However, we are unaware of any studies on willingness to pay for mobile voice published in the UK in recent years and, as we explain below, we have little new information on willingness to pay for mobile data. We have therefore considered two scenarios for consumer surplus, the results of which are presented below in Figure 4.1. 
Figure 4.1: Range of consumer surplus from mobile voice services* [Source: Analysys Mason, 2012]
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*
Note: the 2006 figure is sourced from the 2006 report; for 2011 to 2021 we present a range of values to reflect the different scenarios for market evolution, as described in Annex B.
Our model suggests that consumer surplus from public mobile telecoms has grown from £19.0 billion in 2006 to £24.2–28.2 billion in 2011, an increase of between 27% and 48% in nominal terms and between 7% and 25% in real terms. We forecast that the consumer surplus will continue growing at a compound annual growth rate (CAGR) of between 11% and 15% over the forecast period. This is in part due to greater dependence on mobile handsets for voice calls, the availability of new value-added services, and a projected decrease in mobile tariffs.

Producer surplus

Similarly, for producer surplus, there is a wide range of potential scenarios, depending on factors such as the forecast data usage per device and the degree of Wi-Fi offloading.
 We have considered a range of scenarios which give the values for producer surplus shown in Figure 4.2 below. 
Figure 4.2: Range of producer surplus from mobile voice* [Source: Analysys Mason, 2012]
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*
Note: the 2006 figure is sourced from the 2006 report; for 2011 to 2021 we present a range of values to reflect the different scenarios for market evolution, as described in Annex B. The base case was chosen to demonstrate the likely evolution of producer surplus before Wi-Fi offloading is taken into account.
Producer surplus rose from £2.8 billion in 2006 to £5.9 billion in 2011, an increase of 111% in nominal terms and 76% in real terms. We believe that it is reasonable to expect some increase in producer surplus since 2006 due to an increase of around 20% in mobile subscribers and the fact that operators have not had to embark on any major capital expenditure programme since 2006. However, the estimated increase may also be due, in part, to methodological differences between our study and the 2006 study. Producer surplus is projected to decrease significantly in the years 2013, 2014 and 2015, as we have assumed that mobile operators will roll out their LTE (4G) networks over this period. Producer surplus recovers slightly in 2016 due to the reduced capital expenditure once the LTE roll-out is largely completed. It will still be lower than in 2011 and 2012, as operators will have to run three network technologies simultaneously over a period of time until legacy 2G (and 3G) networks are shut down in the longer term. We forecast that producer surplus will decrease again from 2016 onwards, as operators will need to build new capacity sites to cope with increasing demand for data, while intense competition will limit their ability to increase prices.
External benefits
In addition to the direct economic welfare from public mobile services calculated above, there will be indirect or external benefits. A recent study by Capital Economics commissioned by Everything Everywhere describes a number of these benefits.
 Quantifying these benefits would be a large exercise in itself and was not the focus of the study, but they include:

Network externalities from having more subscribers on the network (i.e. the more people there are on a mobile network, the greater its value to all of the subscribers)
Greater social cohesion resulting from the fact that mobile communications make it easier to stay in touch with family and friends
Better and easier communication with businesses and public services (e.g. the ability to summon help immediately following a traffic accident
)

More efficient use of time (e.g. the ability to make calls while travelling)
Improved delivery of emergency services in crisis situations (e.g. by providing a common means for different emergency services to communicate with each other and with other parties that may be involved in dealing with the crisis, such as local and national government)
· Mobile communications as an enabler of new products and services for consumers. 

For businesses, the external benefits of mobile communications are mostly associated with increases in productivity. Various studies published by the GSM Association describe these benefits in detail.
 Examples of productivity improvements include:
More efficient communication among employees and with suppliers and customers

Replacement of paper-based processes with electronic and online procedures, facilitated by better access to the internet
Improvement in knowledge sharing within businesses, and immediate access to information (e.g. via intranets accessible using mobile devices)
Ability to offer new services such as e-commerce
Better supply-chain management (e.g. reduction in data-entry errors and ability to perform real-time data queries, and to identify inaccuracies more quickly)
· Ability to work more flexibly, e.g. remote and mobile working, meaning that staff no longer need to be in the office to access the internet or use other online business tools.

NPV 

Finally, we have calculated the NPV of the consumer and producer surplus from public mobile over the ten-year period from 2012 to 2021. Figure 4.3 shows the results for our base case. Our results suggest that public mobile telecoms represents the most valuable use of spectrum in the UK, and the resulting direct economic welfare is likely to have an NPV of £273–341 billion over the next ten years. A more detailed breakdown of the results from the public mobile model is presented in Annex B.
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	Figure 4.3: NPV of surplus from public mobile telecoms (£ billion) [Source: Analysys Mason, 2012] 


4.2.2 Revenue and employment

In this subsection we estimate the revenue and employment generated in different parts of the mobile services value chain, as a further measure of the value to the UK economy resulting from the use of spectrum to provide public mobile services. For the purposes of our analysis we have considered five activity areas, illustrated in Figure 4.4 below:

Passive infrastructure: the rental of mobile base station sites and the construction of masts etc. on these sites

Network equipment: the supply of the electronic hardware and software used by operators at their base stations, in their core networks and to support billing, customer service, etc.
Network operations, sales, marketing and distribution: the operation of mobile networks, the recruitment and retention of subscribers and the sale of mobile services to these subscribers, i.e. the core activities of the mobile operators and mobile virtual network operators (MVNOs), plus downstream airtime sales

Devices: the supply of handsets and other mobile devices to subscribers (an activity which is split between the mobile operators/MVNOs and independent retailers of mobile devices)

· Content: the supply of applications, content and advertising to mobile subscribers.

Figure 4.4: The value chain for public mobile services [Source: Analysys Mason, 2012]
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Current revenue

We have estimated the total revenue attributable to the mobile services value chain as being the sum of mobile operator revenue, MVNO revenue, content and applications revenue earned by companies other than mobile operators. This gives a total of approximately £20.0 billion in 2011. 
The majority of the revenue in the mobile services value chain is earned by the mobile operators themselves from subscriptions and from call and data charges: in 2011 the four UK operators collectively earned £19.0 billion – see Figure 4.5 below. Overall, revenue in 2011 was down around 1% compared to 2010, although the total number of subscriptions grew by around 1%. Overall revenue in 2010 was in turn down 1% on 2009, despite a 3% increase in the total number of subscriptions. These figures indicate that average spend per user (ASPU) is falling, which is almost certainly due to the competitive nature of the UK mobile market.
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	Figure 4.5: Revenue for the UK’s mobile operators* [Source: Analysys Mason derived from company reports and accounts]


*
Note: Everything Everywhere was formed from the merger of Orange and T-Mobile in April 2010; prior to this date, the chart shows total revenue for the constituent companies.
Additional revenue is earned by MVNOs, which market mobile services under their own brand but ‘piggyback’ on another operator’s network infrastructure. The incremental revenue earned by UK MVNOs is difficult to determine accurately because some of the larger MVNOs are parts of other organisations and may not report their mobile revenue separately (e.g. Virgin Mobile is part of the Virgin Media Group and Tesco Mobile is part of Tesco plc), while the revenue reported by independent MVNOs (such as Lebara, Lycamobile and Vectone) includes wholesale payments to the mobile network operators. Our best estimate based on an analysis of reported revenue is that incremental revenue from the MVNO sector in the UK in 2011 may add around 2% to total UK mobile revenue, i.e. some £380 million.

Similarly, some additional revenue is earned by independent mobile device retailers, but again the incremental amount is difficult to determine because reported revenue from such companies includes equipment subsidies paid to them by each of the mobile operators, the level of which is not routinely disclosed by either party. For this reason we have not included the revenue of mobile device retailers in our calculations. The total revenue reported by the Carphone Warehouse and Phones4U (which are the two largest independent retailers whose business is mostly mobile-related) was £2.4 billion in 2010/2011.

Revenue is also earned from content and applications. Based on discussions with mobile operators and content suppliers, Analysys Mason Research estimates that UK revenue from content and applications amounted to around £370 million in 2011, of which around £130 million was earned by the operators and £240 million by other companies (and is thus incremental, although a significant proportion is earned by foreign companies). Games are the largest single category, accounting for an estimated 40% of total expenditure on content. Applications are the next-largest category, accounting for around 20% of total expenditure. Music is forecast to be the fastest-growing category, while revenue from personalisation (wallpapers, ringtones, etc.) is forecast to decline as smartphones make it easier for users to generate their own personalisations.
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	Figure 4.6: Split of UK content and applications revenue [Source: Analysys Mason, 2011]


According to PricewaterhouseCoopers (PwC),
 revenue from mobile advertising in the UK was £133 million in 2011, up 60% from 2010. This represents around 3% of total internet advertising in the UK. PwC expects that mobile advertising will continue to grow at a CAGR of 36% from 2011 to 2015, although it seems reasonable to assume that the majority of mobile advertising revenue will substitute for other forms of advertising, such as web-based advertising on the fixed internet and perhaps outdoor advertising. 

According to Barclays Corporate,
 revenue from m-commerce in the UK was approximately £1.3 billion in 2011, equivalent to around 5% of total online spending, or 0.5% of total UK retail spending. Again, it seems likely that m-commerce is mostly a substitute for other forms of e-commerce, or conventional retail purchases, especially since Barclays reports that the largest categories in 2011 were food and groceries and electrical goods. Barclays forecasts that m-commerce revenue will increase to £19.3 billion by 2021 (at a CAGR of 30.9%), by which time it will account for 4.9% of total retail spending.

Turning to the major external cost items for mobile operators (which represent revenue for their suppliers), we estimate that in 2011, the mobile operators collectively paid site rental charges of around £500 million across a portfolio of roughly 50 000 sites, and spent around £50 million on passive infrastructure for new sites. We expect the increased levels of site sharing resulting from the merger of Orange and T-Mobile and a recently expanded site-sharing agreement between O2 and Vodafone to reduce the total number of sites over the next few years, more than offsetting annual increases in individual site rental fees. There may be a small increase in expenditure on passive infrastructure for new sites over the next two to three years as 4G networks are rolled out, although we expect that the majority of 4G base stations will be co-located with existing 2G and 3G base stations.

We estimate that the mobile operators collectively spent around £1.5 billion on network equipment (as defined above) in 2011, which is similar to the amount spent in 2010. Our producer surplus model indicates that there could be a significant increase in network equipment expenditure during the 4G roll-out period, but that it is then likely to fall back to a level close to the amount spent in 2011.
Future revenue trends

We predict that the number of handset subscribers will remain fairly constant over the next ten years but that there will be gradual migration from 2G connections to 3G and 4G connections, as indicated in Figure 4.7 below.

Figure 4.7: Handset subscribers and penetration – historical values and forecast [Source: Analysys Mason, 2012]
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Based on recent market trends and forecast data, we have projected that mobile broadband penetration will grow to around 20% 2021, and that the introduction of 4G services in 2013 will result in 3G mobile broadband declining from 2015 onwards, as shown in Figure 4.8 below.

Figure 4.8: Mobile broadband subscribers and penetration – historical values and forecast [Source: Analysys Mason, 2012]
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ASPU on 3G handset data is currently around £8 per month (see Figure 4.9 below).
 Although average spend on data has grown in recent years we believe that it is now stabilising and we expect to see little significant change over the next decade. 

Figure 4.9: Handset ASPU – historical values and forecasts [Source: Analysys Mason, 2012]
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Based on experience in other European countries we have assumed a 30% price premium for 4G data over 3G data initially after the 4G launch in 2013, with prices eventually converging around 2017. ASPU on voice services has declined significantly over the past few years (largely, we believe, as a result of intense competition in the UK mobile market) but we forecast that this will level off at around £8 per month over the next decade as the market matures. ASPU on 3G mobile broadband services has declined from around £13 per month in 2009 to a little over £9 per month today (see Figure 4.10). We forecast that it will level out at a little under £8 per month in the second half of the decade. As with handset data prices, we have assumed an initial 30% price premium for 4G mobile broadband over 3G mobile broadband, with the prices of the technologies converging around 2018.

Figure 4.10: Mobile broadband ASPU – historical values and forecasts [Source: Analysys Mason, 2012]
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Putting our forecasts for the number of users and the ASPUs together, and considering other sources of revenue (messaging, interconnect payments from fixed operators in the UK and foreign operators, etc.), we forecast fairly consistent total service revenue (in nominal terms) of £18.3–19.8 billion for the UK mobile industry over the next decade (see Figure 4.11 below).

Figure 4.11: Total service revenue – historical values and forecast [Source: Analysys Mason, 2012]
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Employment

In 2010 (the most recent year for which data is available), the four mobile operators employed around 38 000 people in the UK (see Figure 4.12) and we estimate that the MVNOs collectively employ over 1000 additional staff. In addition we estimate that at least 10 000 people are employed in the UK by suppliers of mobile network hardware and software, and that at least 25 000 people are employed in mobile equipment and accessories retailing.
 Adding these figures together suggests that the mobile industry directly supports a minimum of 75 000 jobs in the UK (around 0.25% of total employment).
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	Figure 4.12: Employees by mobile operator [Source: Wireless Intelligence, 2010.
Note: the figure for Vodafone includes Vodafone Group staff based at the company’s UK headquarters]


4.3 TV and radio broadcasting

TV and radio programmes can be broadcast in a number of ways: via terrestrial radio transmitters, via satellites in orbit around the earth, via cable TV networks and via the internet. In this section we consider the value to the UK economy of terrestrial and DTH satellite broadcasting. We do not consider cable and internet distribution since these do not use radio spectrum directly (although we note that internet distribution of broadcast programmes may indirectly involve the use of mobile data networks, which we considered in Section 4.2, or Wi-Fi, which we consider in Section 5.2).
Historically, terrestrial and satellite broadcasting used analogue transmission technology. The digital switchover of satellite broadcasting to the UK was completed in 2001, and for terrestrial TV broadcasting the switchover will be completed in 2012. Since analogue terrestrial TV broadcasting will shortly be discontinued we do not consider it further in our analysis. For the time being DAB is continuing alongside AM and FM analogue radio broadcasting, so we consider all of these technologies.
In the UK, DTT channels are broadcast by the following organisations:

the BBC (which is publicly funded via the licence fee)
the three main commercial public service broadcasters (PSBs), ITV, Channel 4 and Five (which also broadcast a number of commercial channels in addition to their public service channels)
regional PSB variants (including STV in Scotland, UTV in Northern Ireland, and S4C in Wales)
· other commercial broadcasters (of which the largest is UKTV, a joint venture between the BBC’s commercial subsidiary, BBC Worldwide, and Scripps Network Interactive).
DTT channels are grouped together and broadcast in blocks known as multiplexes. There are currently six multiplexes in the UK, three of which carry PSB broadcasting and three of which carry purely commercial broadcasting. Details of the multiplexes are shown in Figure 4.13 below.
Figure 4.13: Details of UK DTT multiplexes, following the digital switchover [Source: Analysys Mason, 2012]

	Multiplex name 
	Operator
	Bandwidth
	Use

	PSB1/BBC A
	BBC
	24Mbit/s
	BBC channels (standard definition)

	PSB2/D3&4
	Digital 3&4 (an ITV/Channel 4 consortium)
	24Mbit/s
	ITV, Channel 4/S4C and Channel 5 plus some of ITV and Channel 4’s additional channels (standard definition)

	PSB3/BBC B
	BBC
	40Mbit/s
	BBC, ITV/STV/UTV and Channel 4/S4C (high definition)

	COM4/SDN
	SDN (owned by ITV)
	24Mbit/s
	Commercial channels (standard definition)

	COM5/ARQ A
	Arqiva
	27Mbit/s
	Commercial channels (standard definition)

	COM6/ARQ B
	Arqiva
	27Mbit/s
	Commercial channels (standard definition)



The DTH satellite TV broadcasting platforms in the UK are operated by BSkyB and Freesat (a joint venture between the BBC and ITV). The satellites themselves are owned by SES (based in Luxembourg) and Eutelsat (based in France). Channels broadcast on some foreign DTH satellite platforms can also be received in the UK, and are watched by a minority of DTH households.
Like DTT channels, DAB radio stations are also broadcast in multiplexes. The BBC operates one national DAB multiplex for its national stations, which currently covers around 92.2% of households. Digital One (owned by Arqiva) operates a commercial national DAB multiplex which currently covers 84.6% of households. A number of other commercial DAB multiplexes operators collectively run 48 local and regional DAB multiplexes across the UK, covering 66.2% of households.
As of May 2012 there were a total of 548 analogue radio services available in different parts of the UK, including 5 BBC nationwide networks, 46 BBC local and nations services, 3 nationwide commercial stations, 296 local commercial stations and 198 community stations. 99 services are broadcasting on AM and a further 446 on FM (some stations simulcast on both wavebands).

4.3.1 Economic welfare benefits; TV broadcasting
We have built a new model to calculate the consumer and producer surplus from DTT and DTH satellite broadcasting. The method we have followed is described in Annex B.

Consumer surplus
The consumer surplus from TV broadcasting over the forecast period is shown in Figure 4.14 below. As explained in Annex B, we developed two scenarios concerning consumers’ willingness to pay for HD content, and therefore in the chart we present a range of values for consumer surplus. Our base case suggests there has been an increase in consumer surplus from £3.4–£5.9 billion in 2006, to £6.2 billion in 2011 (a nominal change of 5–84% and a real change of between -11% and +55%). We believe that it is reasonable to expect some increase in the economic welfare benefits due to an increase in TV households, an increase in the number of TV channels and advances in technology such as the launch of HDTV. However, the increase may also be due in part to methodological differences between our study and the 2006 study. Consumer surplus from DTT is high due to the high number of TV households (around 26.5 million in 2011), the difference between the cost of a TV licence and the assumed ‘choke price’ for DTT, and the assumption that willingness to pay increases with inflation. The consumer surplus from TV broadcasting is heavily dependent on the level of the TV licence fee, as this is the main cost of the service to the consumer. The consumer surplus from DTH satellite broadcasting is much lower, because the majority of customers are pay-TV subscribers and the difference between the actual cost of subscription and the assumed willingness to pay is much smaller than in the case of DTT.
Figure 4.14: Consumer surplus from TV broadcasting [Source: Analysys Mason, 2012]
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Producer surplus 
The producer surplus from TV broadcasting over the forecast period is shown in Figure 4.15. There has been a nominal increase of 533% since 2006, from £0.2 billion to £1.5 billion (a real-terms increase of 431%). Since 2006, there has been a 20% increase in the number of pay digital satellite subscribers, and the average revenue per subscriber from DTH services has grown in nominal terms by around 50%, but this large increase may also be due in part to methodological differences between this study and the 2006 study. The majority of producer surplus is due to DTH, while DTT producer surplus is low, partly because the largest broadcaster is the BBC which is a not-for-profit organisation. We have assumed that £130 million per annum is spent on digital switchover marketing and communication in 2011 and 2012.
 After 2012, we have assumed that £150 million per annum of TV licence revenue is spent on rural broadband or similar non-TV related projects.
 We have also taken account of the fact that the BBC is assuming financial responsibility for BBC Monitoring in 2013 and the World Service in 2014. We have assumed that the annual funding provided to each service remains the same in nominal terms as at the time of handover (£20.2 million for BBC Monitoring and £227 million for the World Service).
Figure 4.15: Producer surplus from TV broadcasting [Source: Analysys Mason, 2012]
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External benefits

As mentioned in Section 4.2.1, estimating the value of external benefits was not the focus of this study, but the external benefits from TV broadcasting that have been suggested include:

greater social inclusion (particularly for those living alone or in remote areas)
greater social cohesion resulting from the shared experience of watching popular programmes
the value of TV as a medium for disseminating public information (particularly in times of crisis)
· more generally, the value of TV as an educational medium.
NPV

Finally, we have calculated the NPV of the consumer and producer surplus from TV broadcasting over the period 2012–21 for our base case. The results, shown in Figure 4.16 below, suggest that TV broadcasting represents the second most valuable usage of spectrum in the UK, and the resulting direct economic welfare is likely to have an NPV of £86 billion over the next ten years.
A more detailed breakdown of the results from the broadcast TV model is presented in Annex B.
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	Figure 4.16: NPV of surplus from TV broadcasting (£ billion) [Source: Analysys Mason, 2012]


4.3.2 Economic welfare benefits: radio broadcasting
A description of the modelling methodology and assumptions for calculating the direct economic welfare from radio broadcasting can be found in Annex B.

Consumer surplus
We estimate that the consumer surplus from radio broadcasting has risen in nominal terms by 74% since 2006, from £1.6 billion to £2.7 billion in 2011 (42% in real terms), due to an increase in audience and a greater choice of radio stations as a result of the increasing popularity of DAB. The results are shown in Figure 4.17 below. 

Figure 4.17: Consumer surplus from radio broadcasting [Source: Analysys Mason, 2012]
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Producer surplus
Our results for the producer surplus from radio broadcasting are shown in Figure 4.18 below. These are based on an update of the accounting analysis used in the 2006 study. It can be seen that the producer surplus has increased by 15% since 2006, from £0.30 billion to £0.35 billion in 2011 (a 3% decrease in real terms).
Figure 4.18: Producer surplus from radio broadcasting [Source: Analysys Mason, 2012] 
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External benefits

The external benefits of radio broadcasting are similar to those for TV, although the provision of traffic information which allows drivers to avoid congested areas is a further significant external benefit which applies more to radio than to TV.

NPV 

Finally, we have calculated the NPV of the consumer and producer surplus from radio broadcasting for the period 2012–2021 for our base case, as shown in Figure 4.19 below. At £28.6 billion, the NPV is around one-third the size of that from TV broadcasting, although the benefits are essentially free to consumers since no licence is required. As with the TV calculations, we have not included the cost of receiving equipment (in this case, radios) in the consumer surplus calculation.
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	Figure 4.19: NPV of surplus from radio broadcasting (£ billion) [Source: Analysys Mason, 2012]


4.3.3 Revenue and employment: TV broadcasting
As a further measure of the value to the UK economy resulting from the use of spectrum for broadcasting, we have estimated the revenue and employment generated in different parts of the TV value chain. For the purposes of our analysis we have considered five activity areas (as illustrated in Figure 4.20 below):
Content production: the production of programming. Content may be produced in-house by the broadcasters themselves, or specially commissioned from third parties by the broadcasters, or it may be existing content to which the broadcasters acquire the transmission rights.
Content aggregation: the process of selecting and commissioning pre-recorded content and subsequently combining it with live content, continuity announcements, advertising and trailers, etc. to create TV channels.
Advertising and sponsorship: the production of content which the broadcaster is paid to transmit. This is the primary source of revenue for free-to-air commercial channels, and a significant source of revenue for many subscription channels.
Content distribution: the operation of the platforms used to distribute programming – e.g. operation of DTT multiplexes or the DTH satellite broadcast platform.
· Equipment: the supply of TV sets and set-top boxes to viewers.
Figure 4.20: The value chain for TV broadcasting [Source: Analysys Mason, 2012]
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Revenue

We have calculated the total revenue attributable to TV broadcasting as being the sum of the BBC’s income, subscription fees (for example from BSkyB), advertising revenue, other revenue and the revenue from equipment retailers. This gives a total of £16.1 billion in 2011. In the following, we discuss the various elements making up this total.
According to Ofcom, in 2011 there were 515 TV channels broadcasting in the UK (up from 510 in 2010), with a total TV revenue of £12.3 billion (up from £11.7 billion in 2010). As Figure 4.21 shows, the main sources of revenue are subscriptions to pay-TV services, advertising revenue for commercial channels and licence fee revenue for the BBC. Subscription revenue has grown steadily in the last few years, net advertising revenue has returned to its 2008 level after a decline in 2009 due to the economic slowdown, and the amount of licence fee revenue allocated to TV has stayed fairly constant.

Average viewing per head per day across all households decreased slightly from 4.04 hours in 2010 to 4.03 hours in 2011, although the share of viewing of the five main channels reduced from 56% to 53% over the same period.
 Below, we consider the revenue of the main players in turn: the BBC, the commercial broadcasters, BSkyB, and equipment retailers.
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	Figure 4.21: Total TV revenue by source [Source: Ofcom Communications Market Report, 2012]


The BBC is a semi-autonomous public service broadcaster, providing two of the five main TV channels, a number of other digital channels and an extensive selection of radio services (discussed in Section 4.3.4). The BBC’s total turnover in 2011 was £5.0 billion, a 4.2% increase on the previous year (see Figure 4.22). The UK Public Service Broadcasting (PSB) Group is the unit whose activities are primarily associated with the use of radio spectrum in the UK (for TV and radio broadcasting). The UK PSB Group accounted for 72% of the BBC’s total turnover in 2011. However, UK PSB’s turnover has been relatively flat since 2009. A breakdown of the BBC’s revenue for 2011 is provided in Figure 4.22 below.
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	Figure 4.22: Breakdown of the BBC’s revenue, 2011 [Source: BBC, 2012]


The BBC’s licence fee has been frozen at its current level of £145.50 per household until the year 2015/16, and the BBC has agreed to take on a number of additional financial commitments which are not directly linked to the use of radio spectrum in the UK, including the funding of:

the World Service (which is primarily aimed at non-UK listeners) from 2014/15

BBC Monitoring (which monitors and compiles information from mass media worldwide for UK Government and other commercial and non-commercial customers) from 2013/14

· rural broadband projects from 2013/14, at an estimated cost of around £150 million per year, mostly using funds that were ring-fenced to meet digital switchover costs in previous years.

We estimate that the resulting impact on the BBC’s turnover will be a reduction of around £165 million in 2013, rising to £400 million by 2015/2016.

In terms of costs, the shares of expenditure in each area of UK PSB’s activity have remained fairly constant for the last three years. TV expenditure accounts for approximately two-thirds of total expenditure (£2.4 billion in 2011): content accounts for nearly 80% of TV expenditure; distribution accounts for around 5%; and the remaining amount is spent on infrastructure and support.

Commercial broadcasters typically break their revenue into two major categories:
Net advertising revenue (NAR) is the amount received by the broadcaster as payment for spot advertising, net of any commission paid to agencies (historically, advertising and media agencies were paid by means of these commissions from media owners, although many clients now pay their agencies on a fee basis instead)
· Non-NAR is the remaining revenue from all other sources, including sponsorship, content sales and phone-in revenue.
In 2011, Ofcom reported that total commercial TV revenue in the UK was £4.2 billion, of which £2.4 billion (56%) was earned by the main commercial PSB channels and their regional variants, and the remainder by commercial multi-channels (including those owned by ITV, Channel 4, Five and UKTV). This situation, shown in Figure 4.23 below, represents a 3% increase on the 2010 total.
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	Figure 4.23: Commercial broadcasting revenue by sector [Source: Analysys Mason, adapted from Ofcom Communications Market Report, 2012]


Ofcom reported NAR of £3.6 billion across the sector in 2011, up 2% on 2010, meaning that advertising accounted for 83% of total revenue. As shown in Figure 4.24, ITV1 earns the most advertising revenue (nearly 35% of the total), followed by Channel 4/S4C and Channel 5. The PSB portfolio channels collectively account for 15.8% of NAR, and other commercial multi-channels account for 23.5%.
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	Figure 4.24: Share of net advertising revenue by broadcaster [Source: Ofcom Communications Market Report, 2012] 


BSkyB, as well as being a commercial broadcaster, operates the largest pay-TV platform in the UK, offers satellite TV services distributing its own content and content provided by third parties, and is a significant player in the fixed broadband market (an activity which does not involve the use of radio spectrum). Consequently, while the commercial broadcasting sector as a whole earns 85% of its revenue from advertising, BSkyB only earns around 6% of its revenue from advertising, with 88% coming from subscription fees (both retail and wholesale). Overall, BSkyB revenue increased from £5.7 billion in 2010 to £6.6 billion in 2011,
 a rise of 16% (see Figure 4.25). Revenue from subscription fees increased from £5.0 billion in 2010 to £5.8 billion in 2011. NAR increased by nearly 35% from £340 million in 2010 to £458 million in 2011, while other revenue decreased slightly from £370 million in 2010 to £361 million in 2011. 

	[image: image25.wmf]4383

4999

5778

308

340

458

668

370

361

0

1000

2000

3000

4000

5000

6000

7000

2009

2010

2011

R

e

v

e

n

u

e

 

(

G

B

P

 

m

i

l

l

i

o

n

)

Subscriptions

NAR

Other


	Figure 4.25: Breakdown of BSkyB’s revenue [Source: Company accounts]


Equipment retailers are the final type of player in the TV value chain which we have considered. According to the European Information Technology Observatory (EITO), total sales of TV equipment in the UK were £3.8 billion in 2011, down 6% on 2010. The largest component was non-hybrid flat-screen TVs (58% of total), followed by hybrid flat-screen TVs
 (38% of total). This revenue does not include subsidies on the set-top boxes which BSkyB and Virgin Media provide to their customers.
Expenditure on content
According to Ofcom, broadcasters spent £6.1 billion on network content in 2011, up 12% from £5.5 billion in 2010.
 Film and sports channels accounted for 32% of the total amount spent, the BBC accounted for a further 32%, while the other PSBs collectively accounted for 28% of the total. £2.5 billion (41%) was spent on first-run originated output on the five main PSB channels.
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	Figure 4.26: Spend on network programmes [Source: Ofcom Communications Market Report, 2012]



The UK has a thriving independent production sector which contributed over £2 billion to the UK economy in 2011 according to a member survey undertaken by Pact (the trade association representing the sector).
 Independent UK production companies earned £1.3 billion in revenue from primary UK commissions in 2011 (down 8% from £1.4 billion in 2010) and an additional £165 million in UK rights income (up 7% from £154 million in 2010). They also earned £119 million from international sales of UK finished programmes (up 37% from £87 million in 2010) and £652 million in other international income (revenue from companies’ overseas operations and primary commissions received from non-UK broadcasters, up 32% from £495 million in 2009).35
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	Figure 4.27: Independent producer TV-related revenue [Source: Oliver & Ohlbaum Associates for Pact, 2012]


It is worth noting that the UK TV industry as a whole is a significant exporter. PACT and UK Trade & Investment estimate that total revenue from the international sale of UK TV programmes and associated activities in 2010 (the most recent year for which data is available) was £1.4 billion, a 13% increase from £1.3 billion in 2009.
 BBC Worldwide is the largest exporter, reporting exports of £643 million in the year to 31 March 2011, up 9% from £589 million in the previous year.
Trends in the number of TV households

Almost every household in the UK has at least one TV set. Consequently there are around 26 million TV households. Around 35% have satellite pay-TV and 12% have cable, while a further 8% have free-to-view satellite. Only a small number of households take IPTV (i.e. TV service delivered exclusively via an internet connection and thus not relying directly on the use of spectrum).
 This leaves over 40% of households with Freeview DTT as their main means of reception (of course, many of the households with cable or satellite also have Freeview on secondary sets).
While we expect the number of TV households to grow in line with the growth in the overall number of households over the next decade (which is driven by a rising population and a large proportion of people living alone), we do not foresee any major changes in the share of TV households relying on different technologies.

Figure 4.28: Split of TV households by technology (primary TV set) – historical values and forecast [Source: Ofcom (historical) and Analysys Mason (forecast), 2012]
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Employment
We estimate that the TV broadcasting sector employs at least 40 000 people in the UK. The BBC’s TV PSB Group, ITV, Channel 4 and Channel 5 collectively employed around 16 000 people in 2011. BSkyB also employed around 16 000, although this figure includes those working in the telephony and broadband part of the business (and around 9400 working in customer service, sales and marketing, which is a shared function for the broadcasting and the telephony and broadband parts of BSkyB’s business). In addition, we believe that the independent production sector continues to employ in excess of 20 000 people, although the most recently available data is for the start of 2010.
 The breakdown of employment across the main broadcasters is shown in Figure 4.29 below.
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	Figure 4.29: Number of employees at the five main TV channels plus BSkyB [Source: BBC, ITV, Channel 4, Experian, BSkyB; note: no 2011 data available for Channel 5]


4.3.4 Revenue and employment: radio

We have estimated the revenue and employment generated in different parts of the radio value chain in a similar manner to our analysis of the TV value chain. We have considered the same five areas of activity (as illustrated in Figure 4.30):

Content production: the production of programming. Content may be produced in-house by the broadcasters themselves, or specially commissioned from third parties by the broadcasters, or it may be existing content to which the broadcasters acquire the transmission rights

Content aggregation: the process of selecting and commissioning pre-recorded content and subsequently combining it with live content, continuity announcements, advertising and trailers, etc. to create radio stations

Advertising and sponsorship: the production of content which the broadcaster is paid to transmit
Content distribution: the operation of the distribution platform, for example the operation of DAB multiplexes and AM/FM transmitters
· Equipment: the supply of radio sets to listeners.

Figure 4.30: The value chain for radio broadcasting [Source: Analysys Mason, 2012]
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Revenue

According to Ofcom, in May 2012 there were 548 analogue radio stations in the UK (of which 51 were BBC, 299 were commercial and 198 community stations), as well as 13 national digital-only stations. In 2011, total revenue from the radio industry stood at almost £1.2 billion, up 3% from 2010 (see Figure 4.31). BBC expenditure on radio has grown slightly in recent years and in 2011 it accounted for 61% of total revenue in the sector. Most of the remaining revenue in the sector comes from advertising, which declined quite sharply in 2009 due to the economic slow-down and has yet to return to its 2008 level.
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	Figure 4.31: Total radio revenue by source [Source: Ofcom Communications Market Report, 2012] 


Average listening per person increased from 20.1 hours per week in 2010 to 20.4 in 2011 (including online listening), of which the BBC radio stations accounted for 46% of total listening (down from 55% in 2010). The proportion of listening that takes place on digital platforms has been increasing by around 3 percentage points a year in recent years, and a large proportion of households now have access to one or more devices that are capable of receiving digital radio (see Figure 4.32). However, digital listening still accounts for less than 30% of total listening – analogue broadcasting therefore remains very important.
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	Figure 4.32: Take-up of equipment capable of receiving digital radio, 1Q 2012 [Source: Ofcom Communications Market Report, 2012]


According to GfK,
 6.8 million radio sets were sold in the UK in the year to 1Q 2012, including portable radios, personal media players, car audio systems, home audio systems, clock radios, radio recorders, headphone stereos, tuners and receivers. Of these, 1.9 million (28%) were DAB sets (the total value of these sales is not reported). The total number of radio sets sold in the UK has declined year on year from a peak of 10.4 million in the year to 1Q 2008, while the number of DAB sets sold has remained static at 1.9 million a year for the last three years.
Employment

There is little available data for the amount of employment created by radio broadcasting, but in response to a Freedom of Information request made in November 2011, the BBC stated that it employed 1479 people in its Audio and Music division, which is responsible for all the BBC’s national radio networks and for the production of most of the classical and popular music across radio and TV.
 As Figure 4.31 shows, the BBC is estimated to account for just over 60% of UK radio revenue. If we assume that revenue is a reasonable proxy for employment, this would suggest that total employment in the UK radio sector is around 2500 people.
5 Wi-Fi and other licence-exempt uses of radio spectrum

5.1 Overview and key results 
This section describes the economic benefits and contribution to the economy generated by Wi-Fi and other licence-exempt uses of spectrum. ‘Wi-Fi’ is the name used to describe equipment that conforms to a family of wireless local area networking technology standards developed by the IEEE. Wi-Fi devices most commonly operate in the licence-exempt 2.4GHz industrial, scientific and medical spectrum band but some are also capable of operating in licence-exempt spectrum at 5GHz as well. 

Today millions of Wi-Fi access points have been deployed in UK homes and places of work to enable laptops, tablet devices and smartphones to access fixed broadband connections without the need for cables. Successive versions of Wi-Fi over the last decade have increased the maximum data rate substantially from 11Mbit/s to around 500Mbit/s. These improvements have been achieved in part by increasing the bandwidth of the channels used for Wi-Fi. This, coupled with the rapid rise in the number of Wi-Fi-enabled devices, has meant that utilisation of the 2.4GHz band has increased markedly in the last five to ten years. Estimates from research company Informa Telecoms and Media suggest that there were more than 18 million Wi-Fi access points installed in the UK at the end of 2011 and that this number will rise to 21 million by the end of 2015.

A proportion of Wi-Fi access points can also be accessed by the public: in particular, BT’s broadband customers are invited to share their Wi-Fi access point with the public in return for the ability to use access points belonging to other customers, and the company has stated that over 4 million hotspots were available on this basis as of July 2012.
 In addition, Wi-Fi access points have been installed in many cafés, bars, restaurants, hotels and transport hubs in the UK for the purpose of providing internet access to customers.

In a recent development, Virgin Media has started rolling out Wi-Fi coverage at London Underground station platforms. This is the first time that wireless communications have been provided for public use on the deep-level Underground lines in Central London. As of July 2012, 35 stations had been enabled and the company states that it intends to provide service at 120 stations by the end of the year.
 In parallel, BSkyB’s subsidiary The Cloud has announced plans to provide Wi-Fi coverage at all 56 London overground stations, and service will be available at around a dozen stations by the end of 2012.

Other common devices that use licence-exempt spectrum include: cordless telephones based on the DECT standard; wireless headsets and hands-free devices based on the Bluetooth standard; baby monitors; remote locking/opening devices for cars, gates and garages; radio-controlled models; and medical devices with remote monitoring.

Previous studies, including the 2006 study,
 have attempted to estimate the consumer surplus from the use of Wi-Fi to access a fixed broadband connection at home, but they have suffered from a lack of data on consumers’ willingness to pay for this service and have been forced to assume a largely arbitrary value for willingness to pay. Regarding producer surplus, the 2006 study attempted to estimate the producer surplus from Wi-Fi using the accounting method previously described, based on the accounts of just one hotspot provider (The Cloud, which has subsequently been acquired by BSkyB) and one supplier of hotspot equipment (Redline UK).
Wi-Fi services: consumer surplus, producer surplus and NPV
In our opinion, the average household’s willingness to pay for Wi-Fi access to fixed broadband is low since the occupants could relatively easily use a wired connection instead. However, we believe it is appropriate to treat as a consumer surplus the amount that smartphone owners save by using Wi-Fi networks rather than their mobile operator’s network for data transfers in their homes and their places of work (we refer to this as passive Wi-Fi offloading and assume a saving of £0.04 per MB). It also seems appropriate to treat passive Wi-Fi offloading of data from laptops and tablets that have a mobile broadband connection in the same way, since owners of such devices have indicated that they are willing to pay for mobile data capability and Wi-Fi enables them to pay less than they otherwise would. Our approach to Wi-Fi consumer surplus therefore takes these factors into account.

We believe that most of the producer surplus from Wi-Fi will accrue to the mobile operators who, in the absence of Wi-Fi, would need to construct more base stations to handle data traffic. Our producer surplus Wi-Fi offload model considers the amount of data traffic that is likely to be offloaded from cellular networks through either home or office Wi-Fi networks (passive offloading, as discussed above) or through public hotspots owned by either the mobile operator or a third party (active offloading).

Overall our results indicate that the consumer and producer surplus of Wi-Fi offloading were around £1.8 billion in 2011 and have an NPV of £31 billion over the next ten years, with 90% being enjoyed by consumers, who will make savings on mobile data charges; the remainder of the benefits go to operators, who will be able to spend less on increasing the capacity of their networks than they would have spent in the absence of Wi-Fi offloading. 

The benefits of other uses of licence-exempt spectrum are harder to quantify, but no less real in the benefits that they deliver to consumers, and the opportunities for businesses to innovate without having to purchase a licence to access the necessary spectrum. One emerging use for licence-exempt spectrum is machine-to-machine (M2M) communications. Typical applications use a grid of devices for monitoring and reacting to relevant changes in real time; examples include smart city sensors, and applications in transport and healthcare. 
A new source of licence-exempt spectrum is the white spaces between TV channels. This has promising possibilities, and one Cambridge-based start-up, Neul, has already developed a new M2M standard, dubbed ‘Weightless’, that takes advantage of white spaces.

5.2 Wi-Fi 

As the methodology that we have used to calculate both consumer surplus and producer surplus is very different from that used in the 2006 study, it is not appropriate to compare the results from the two studies. A detailed description of the modelling methodology and assumptions can be found in Annex B.

Consumer surplus

Figure 5.1 below shows our estimates of the consumer surplus generated by Wi-Fi. This is largely due to passive offloading, with some sources claiming that over 80% of smartphone traffic data is currently carried over Wi-Fi networks.
 This suggests that consumers are substituting the cellular networks with their home and office Wi-Fi networks, saving approximately £0.04 per MB.
 Consumer surplus in 2011 is estimated to be £1.8 billion, and as data consumption increases over the forecast period, this consumer surplus is expected to grow to reach £3.9–4.8 billion in 2021.
Figure 5.1: Range of consumer surplus from Wi-Fi offloading [Source: Analysys Mason, 2012] 
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Producer surplus

Figure 5.2 shows the increase in the producer surplus from public mobile resulting from Wi-Fi offloading. This is estimated to be £25 million in 2011 and, although this is much less than the consumer surplus, Wi-Fi offloading is important to mobile operators as it will reduce congestion in their radio networks, reducing the number of costly capacity sites that are required. We forecast that the producer surplus will rise to between £0.7–1.0 billion in 2021. This is, in fact, sufficient to offset the decline in producer surplus that occurs after 2016 in the mobile base case (see Section 4.2.1). 

Figure 5.2: Range of increase in producer surplus from public mobile resulting from Wi-Fi offloading [Source: Analysys Mason, 2012] 
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NPV

Finally, we have calculated the NPV of Wi-Fi offloading over the period 2012–2021 for our base case. Our results suggest that the direct economic welfare from Wi-Fi offloading is likely to have an NPV of £31 billion over the next ten years, as shown in Figure 5.3. 
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	Figure 5.3: NPV of surplus from Wi-Fi offloading (£ billion) [Source: Analysys Mason, 2012]


5.3 Other uses of licence-exempt spectrum

There are many different applications of licence-exempt spectrum in use today. Broadly, devices that use licence-exempt spectrum are designed to operate at low power, and typically provide wireless data connection over a short range. Well known licence-exempt applications other than Wi-Fi include Bluetooth, which is the standard used for most wireless headsets and vehicle hands-free devices. Other than Wi-Fi and Bluetooth, the other key growth area in licence-exempt spectrum use is forecast to be machine-to-machine communication. M2M refers to devices that send information between machines (e.g. from a machine to a central database, or vice versa), rather than involving people. It is also referred to more broadly as the ‘internet of things’, where machines are connected to the internet and provide a vast number of connections between people, homes and buildings. M2M systems are becoming increasingly pervasive, and are used globally to monitor conditions such as temperature, or provide remote control, stock taking, supply chain management or other data information collection. Typical M2M applications include automotive applications, healthcare, transport, smart city sensors, radio frequency identification (RFID) and contactless payment and smart meters/smart grids. Although the amount of spectrum used for M2M applications is currently low, this is an area of growing importance for the UK economy.
An example of where M2M connection can be used to provide societal benefits is in ‘connected cities’. Within connected cities, wireless communication is used to improve city living in a variety of ways, such as improving traffic flow, enforcing bus lanes, providing traffic information, mapping routes and connections, and improving safety and security. Another promising application being discussed in Europe at present is that of medical body area network systems (MBANs). MBANs are intended to provide wireless connection for multiple body sensors used for patient monitoring within hospitals, as well as for patient diagnosis and treatment. Since the connection between sensors in an MBAN system is wireless, this means that devices can be used in ambulances or in the home, as well as in hospitals. Study is ongoing within Europe to consider spectrum for MBAN use (a system reference document from ETSI, for example, examines candidate bands for MBANs including 1785–1800MHz, 2.3–2.4GHz and 2.4–2.45GHz).
 

A key growth area of M2M use is expected to be smart meters, forming part of a smarter utilities grid. This is being driven by EU legislation, which has set a target to install smart meters to at least 80% of European households by 2020. The relevant European legislation includes the Energy Services Directive and the Third Energy Package.
 This legislation is being implemented in the UK by the Department of Energy and Climate Change, which is managing the UK’s smart meter and grid policy development. The purpose of smart meters is to provide a connection between electricity and other utility metering devices in the home into utility networks, so that energy consumption in the home can be monitored in near-real time, and tariffing and other measures can be applied. Connecting smart meters in the home to a utility network will require some form of wireless connection. 

RFID and contactless payments is another area of significant growth. RFID technology uses radio frequencies to transfer data from a tag carrying identification data to a reader that can interpret the data. The tag consists of an RFID chip attached to an antenna. Tags may be active (battery-powered) or passive (drawing power from the electromagnetic field created by the reader). The applications of RFID tags are numerous, but everyday examples include the Oyster cards used for travel on London’s public transport network, contactless credit and debit cards (which are becoming increasingly common in the UK), security tags attached to clothing and other items in shops to deter theft, and microchips implanted in pets to help reunite them with their owners if they are lost.

In Japan and Korea, contactless payment technology is built into many mobile handsets. Orange is piloting a similar service in the UK, and other mobile operators have also expressed interest in launching contactless payment services for their customers, although no firm launch dates had been announced at the time of writing. The standards developed for contactless payment using mobile handsets (known as near field communication, or NFC) extend the capabilities of RFID by enabling two-way communication between suitably equipped devices. This has the potential to open up a range of new applications involving the use of radio spectrum over very short distances.

UK research firm IDTechEx estimates that the value of the global RFID market will be USD7.5 billion (£5.1 billion) in 2012, up 17% from USD6.4 billion (£4.1 billion) in 2011.
 This includes tags, readers and software/services for RFID cards, labels, fobs and all other form factors. 

M2M communication is one area of the wireless industry where there is an increasing amount of innovation and investment in alternative solutions. This is because, although M2M traffic can be carried by cellular networks, there are a number of unique features of M2M which mean that cellular networks are not always ideal. Some of the reasons for this are the following:

Near-universal coverage and good coverage in buildings is essential for M2M applications such as smart meters, and cellular networks do not always provide this
Cellular networks are being re-designed to cater for high-speed mobile broadband traffic (e.g. using HSPA+ or LTE), whereas most M2M traffic is carried over SMS or 2G GPRS

The cost of using cellular networks for M2M is not always suitable – for example, M2M traffic is typically very low data-rate traffic sent in ‘bursts’, whereas cellular networks charge for bundles of higher data-rate services

· M2M devices often operate remotely for long periods and so require long-life batteries.

This has led to the development of various alternative M2M standards, including some standards published by the IEEE and others that are proprietary. IEEE standards include the ‘Zigbee’ standard and IEEE802.15.4g (also being standardised in Europe as ETSI TS 102 887). However, alongside these solutions, other proprietary systems are emerging. A key one from the perspective of the UK market is the ‘Weightless’ standard being developed by Neul. According to Neul, possible applications of Weightless are extensive, including smart grid, automotive (e.g. car engine management), public transport, healthcare, asset tracking, financial applications (e.g. e-payment) and smart city solutions (e.g. parking space management, traffic management and route planning).

The Weightless standard is innovative in the sense that it is being designed to use white space in UHF spectrum. White space is a term which refers to gaps in the usage of frequencies assigned to DTT use in the UK. DTT frequencies are typically unused in particular areas as a result of the spectrum planning employed within DTT networks to avoid interference between neighbouring regions, since frequencies can only be re‑used some distance apart.

The spectrum used by M2M applications is typically in bands designated for short-range devices (SRDs) across Europe. Key SRD bands are in the 433MHz range and 863–870MHz. Studies are ongoing in Europe into possible extended SRD bands above 870MHz, including the adjacent 870–876MHz and 915–921MHz bands. However, part of this band is also of interest as a possible expansion band for the GSM system operating on European railways (as discussed in Section 9). Other uses of these bands include remote car keys (which use 433.92MHz in Europe), wireless garage door remotes and radio-controlled toys.

In addition, cordless telephones using the DECT standard rely on licence-exempt spectrum (1880–1900MHz) which is harmonised across Europe. Wireless video senders, which are designed to stream video outputs from DVD players and set-top boxes to TV sets without wires are increasingly being designed to use the 5.8GHz band. Both of these devices thus avoid interference from the popular 2.4GHz (Wi-Fi) band.

6 Use of spectrum by telecoms operators to provide other services
6.1 Overview and key results

This section describes the benefits from other telecoms uses of radio spectrum (i.e. excluding the major categories of public mobile communications, broadcasting and Wi-Fi use covered by the previous sections). In particular, this section discusses benefits derived from use of radio spectrum to provide microwave link services and satellite services, defined as follows:

· Microwave links are terrestrial wireless links that are deployed either in a fixed point-to-point or point-to-multipoint configuration, and used to provide the so-called ‘backhaul’ connections (connections between base stations and the core network in a public mobile network), or to provide long-distance, fixed wireless connectivity for the distribution of telephone and internet traffic from fixed core networks to customer premises as an alternative to using fibre or cable
· Satellite services, like microwave links, may be used to provide long-haul connectivity or backhaul for the distribution of voice and internet traffic, as well as satellite voice or satellite broadband services, direct to end users. Note that satellite broadcasting, which is also a major application of satellite technology, is addressed separately in Section 4 of this report and is therefore not discussed further here.

The major users of microwave fixed-link services are fixed and mobile telecoms operators. This market is thus relatively concentrated, with the top five users in the UK making up over 85% of fixed-link bandwidth. The strongest demand growth has come from mobile operators, which use microwave fixed links for backhaul. Operators are beginning to replace some of their microwave fixed links with their own or leased fibre connections, but microwave fixed links still provide benefits over difficult terrain, or as back-up capacity. While consolidation of mobile operators has enabled operators to use spectrum more efficiently, and fibre networks are likely to reduce demand further, this is offset against increases in capacity needed as a result of increased use of higher-speed data services.

Microwave links: consumer surplus and NPV
Our indicative estimate of the consumer surplus from microwave links is £3.3 billion, which is 15% lower in nominal terms that that calculated in the 2006 study (equivalent to a 29% reduction in real terms). The reduction can be traced to a 33% reduction in the number of fixed links licensed by Ofcom, which may be due at least in part to the fact that microwave spectrum in the 10GHz, 28GHz, 32GHz and 40GHz bands was auctioned in 2008, and no data on the number of links subsequently provided in these bands is available. Consequently, the number of licences is not a true reflection of the number of systems in use. This methodological limitation almost certainly leads to an underestimation of consumer surplus. 
We have not attempted to determine the producer surplus for fixed links, because the providers are large companies (for example, BT) that also offer many other services, and it is therefore hard to isolate the impact of the fixed links on their financial results. 
We estimate the NPV of consumer surplus from fixed links over the next ten years to be £22.1 billion. 

Satellite links are used for many purposes in the UK. In particular, they are used in the provision of: specialist connectivity services to businesses; broadband services in rural areas for businesses and consumers; mobile satellite voice and data services to ships and aircraft; satellite news gathering; distribution of TV channels to terrestrial transmitters and cable networks; and provision of satellite M2M services (including asset tracking). Historically, satellite technology was also used to provide international telecoms links, but in the UK these have largely been superseded by fibre technology which offers the benefits of lower cost per bit and reduced latency (signal delay).

Satellite links: consumer surplus, producer surplus and NPV
Our indicative estimate of the consumer surplus from satellite connectivity is £3.0 billion, which is 6% higher in nominal terms that that calculated in the 2006 study but 11% lower in real terms. The reduction in real terms can be traced to a 16% reduction in the number of recorded satellite links. However, there have been changes in the way that satellite links are licensed since 2006, meaning that not all links are now recorded. In addition, some important uses of satellite links (e.g. mobile satellite services and consumer broadband) are licence-exempt.
We estimate that producer surplus has increased from minus £5 million in 2006 to £578 million in 2011, mainly due to the improved financial performance of UK-based Inmarsat, the world’s leading operator of mobile satellite services which are used to support maritime and aeronautical safety services as well as many commercial applications.
Over the next ten years the NPV of the economic welfare derived from satellite connectivity is estimated to be £31.3 billion, with 70% of this going to consumers.

The UK is a major player in the satellite industry: a recent report commissioned by the UK Space Agency found that UK space industry recorded a total space-related revenue of over £9.1 billion in 2010/11 and employed nearly 29 000 people in total.
 However, we believe that the presence of a significant space industry in the UK is not driven by the size of the domestic market and hence revenue and employment in the space segment should not be considered as dependent on UK spectrum in the way we consider revenue and employment among public mobile operators and broadcasters to be.

6.2 Microwave links

Microwave links, more correctly referred to as terrestrial fixed-link services, are used for a variety of purposes such as long-haul telecoms trunked traffic and backhaul within cellular or other wireless networks. Given this usage, fixed links typically require a very high level of availability (99.99% availability or more is the typical quality criterion used in fixed-link planning). The major users of fixed links in the UK are the national fixed telecoms operators (e.g. BT and Cable & Wireless) and the cellular operators. The microwave-link market is thus a relatively concentrated market, and previous reports have suggested that the top five users of fixed links in the UK (BT, Orange, T-Mobile, Cable & Wireless and H3G) take up over 85% of the currently used fixed-link bandwidth.

The strongest growth in demand for microwave links in recent years has come from the cellular operators, which have made extensive use of fixed links for their backhaul. Many of these operators have adopted strategies in recent years to invest in fibre networks for high-capacity links, rather than using microwave links. However, use of microwave links can still offer a number of benefits for trunked transmission in some instances; for example, to transmit over difficult terrain, or to provide alternative routeing/back-up capacity. 

The growth in the availability of fibre connectivity is expected to have a negative impact on future demand for microwave links. In addition, consolidation among mobile operators is taking place in the UK, as elsewhere across Europe: Orange and T-Mobile have merged, and Vodafone and O2 have announced plans to widen their infrastructure sharing agreement. As a result, the total number of macro-cell sites (sites using a tall mast or rooftop location to cover a large area) in the UK is set to decline. Offset against this reduction in the number of links required for cellular backhaul is the need for increasing capacity on each link, to cope with increasing traffic levels and higher-speed data services that will be delivered by LTE and its successor, LTE-Advanced. This may increase demand for high-capacity microwave links, where they are used as an alternative to, or a back-up for, fibre. 

While the number of macro-cells in the UK is expected to decline, the number of small cells (low-power cellular infrastructure often attached to lamp-posts or other types of street furniture to provide additional traffic-carrying capacity in congested urban areas) is expected to increase. There is growing awareness that one of the key challenges for cellular operators when deploying small-cell solutions is access to suitable backhaul. With many thousands of new small cells potentially being deployed to cater for growth in the use of wireless broadband services in highly populated areas, access to fibre backhaul for every small cell is unlikely and the use of wireless links is therefore a key alternative.

Spectrum used by microwave links is typically co-ordinated at a European and international level. Historically, bands below 15GHz have been used, with the main fixed-link bands in the UK being at 1.4GHz, 4GHz, 6GHz (divided into lower and upper bands), 7.5GHz, 13GHz and 15GHz. 

There has been a trend towards the use of higher-frequency bands for microwave links. This has occurred both as a result of regulatory pressure in the UK (for example, the introduction of a minimum link-length policy by Ofcom, which is designed to encourage use of higher frequency bands for shorter links) and technology improvements, such as the introduction of more sophisticated digital coding and modulation schemes which increase the amount of data that can be carried in a given amount of bandwidth. Above 15GHz, there are fixed-link bands at 18GHz, 23GHz, 26GHz, 28GHz, 32GHz, 38GHz and 40GHz. Most of these bands are managed by Ofcom; however, a number of frequency bands suitable for fixed-link use were auctioned by Ofcom in 2008 (at 10GHz, 28GHz, 32GHz and 40GHz).
More recently, frequency bands in the 60–80GHz range are emerging for provision of very short, high-bandwidth links (sometimes referred to as ‘gigabit wireless’ because the bandwidth may be 1Gbit/s or more). The 60GHz band is licence-exempt in the UK and in other countries. 

6.2.1 Economic welfare values

Consumer surplus

Figure 6.1 below shows the consumer surplus generated by microwave links. Our estimate of the consumer surplus from microwave links is £3.3 billion in 2011, which is 15% lower in nominal terms that that calculated in the 2006 study (equivalent to a 29% reduction in real terms). The reduction can be traced to a 33% reduction in the number of fixed links licensed by Ofcom, which may be due at least in part to the fact that microwave spectrum in the 10GHz, 28GHz, 32GHz and 40GHz bands was auctioned in 2008, and no data is available on the number of links subsequently provided in these bands. 
Figure 6.1: Consumer surplus from terrestrial fixed links [Source: Analysys Mason, 2012]

[image: image36.wmf]0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

2006

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

2021

C

o

n

s

u

m

e

r

 

s

u

r

p

l

u

s

 

(

G

B

P

 

b

i

l

l

i

o

n

)


Producer surplus

We have not estimated the producer surplus for fixed links, as these services tend to account for only a small proportion of the revenue of the companies that operate them, and these companies do not report the revenue that they derive from fixed links. Therefore the accounting method for calculating producer surplus is difficult to apply. We consider that the producer surplus from fixed links is likely to be small compared to that from other uses of spectrum.

NPV

We have calculated that the NPV of consumer surplus from microwave links over the period 2012–21 is around £22.1 billion. This figure is a conservative estimate of the total economic welfare benefits, since our calculations do not include microwave links provided in bands that were auctioned in 2008, nor the producer surplus, and since the estimate of consumer surplus is based on the number of licences, which may not reflect actual use.
Further details of the modelling methodology and assumptions for calculating the welfare benefits from terrestrial fixed links can be found in Annex B.

6.3 Satellite links
Besides DTH satellite TV (discussed in Section 4.3 above), other major commercial uses of satellite links in the UK include:

satellite navigation

specialist connectivity services to businesses

broadband services in rural areas

mobile satellite voice and data services to ships and aircraft 

· satellite M2M services (including asset tracking). 

The use of satellites for other purposes such as meteorology, earth observation and sensing is considered separately in Section 8.2.5.

Satellite spectrum bands are conventionally referred to using a somewhat arcane system of one- and two-letter abbreviations rather than their actual frequencies. Navigation satellites, such as the American global positioning system (GPS) and the forthcoming European Galileo system, operate using a number of very narrow frequency bands within the L band (1–2GHz). The main spectrum used for commercial fixed satellite services in the UK is in the Ku band (around 10–12GHz), but rural broadband services are increasingly being provided using higher-frequency spectrum in the Ka band (26.5–40GHz). Today, commercial mobile satellite services are mostly provided in the L band (around 1.5GHz), although in future they are expected to be provided in the Ka band and possibly the S band (around 2GHz). Most satellite services route traffic from the user’s terminal to some form of central gateway hub which is connected to the internet or other fixed telecoms links. The feeder links between the gateway and the satellite operate at different frequencies from the service links in order to avoid interference, and may operate in a completely different band.

Satellite links used to provide specialist connectivity to businesses are often referred to as very small aperture terminal (VSAT)
 services. VSAT is clearly a useful technology for locations where terrestrial alternatives are not available (e.g. on oil and gas platforms in the North Sea) but even in urban areas it can also be cost effective for the reliable transmission of relatively small amounts of data: the largest VSAT network in the UK is in fact used to connect thousands of terminals in retail premises to The National Lottery’s data centres.

The provision of satellite broadband links to remote locations is a form of VSAT service, but is usually considered as a separate application since it is more consumer-focused. Until recently, satellite broadband links were mostly provided using ‘spare’ Ku-band capacity on DTH broadcast satellites, but in 2011 Avanti (a recent UK-based entrant to the satellite sector, listed on AIM) and Eutelsat started offering broadband services in the UK on dedicated high-capacity Ka-band satellites which they launched at the end of 2010. The cost per bit on this new generation of satellites is much lower than on Ku-band DTH broadcast satellites, and this is expected to result in lower end-user tariffs, leading to higher take-up. Satellite links are also used extensively for news gathering (i.e. to provide links from temporary outside broadcast locations to TV studios).
Inmarsat is the largest provider of mobile satellite services in the world and is headquartered in London and listed on the London Stock Exchange. Under the International Maritime Organization’s International Convention for the Safety of Life at Sea, virtually all passenger vessels and all cargo ships over 300 gross tonnage on international voyages are obliged to fit a Global Maritime Distress and Safety System (GMDSS), which in practice means an Inmarsat satellite terminal. Inmarsat services also support safety communications used by most of the world’s leading airlines. The company also provides a variety of satellite services for non-safety applications to maritime, aeronautical and land-based users all over the world. In 2011, Inmarsat reported revenue of USD1.409 billion (equivalent to £879 million at the average exchange rate for 2011).

Satellite M2M services are provided by Inmarsat and other mobile satellite operators, including Iridium, Globalstar and Orbcomm (all of which are US companies). In the UK, such services are typically used to track vehicles and containers (although tracking systems that use terrestrial mobile networks are more widely deployed) and to monitor utility equipment in remote locations outside the coverage of fixed broadband and mobile data networks. One specific application of satellite M2M services is the monitoring of emergency beacons to locate boats, aircraft and people in distress. This particular service has a dedicated worldwide frequency of 406MHz.
6.3.1 Economic welfare values

Consumer surplus

Figure 6.2 shows the consumer surplus generated by satellite links. We estimate a value of £3.0 billion for 2011, which is 6% higher in nominal terms that that calculated in the 2006 study but 11% lower in real terms. The reduction in real terms can be trace to a 16% reduction in the number of recorded satellite links. However, there have been changes in the way that satellite links have been licensed since 2006, meaning that not all links are now recorded. 
Figure 6.2: Consumer surplus from satellite links [Source: Analysys Mason, 2012] 
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Producer surplus

However, producer surplus has increased from minus £5 million to £580 million (see Figure 6.3 below), mainly due to the improved profitability of Inmarsat.

Figure 6.3: Producer surplus from satellite links [Source: Analysys Mason, 2012]
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NPV

Finally, we have calculated the NPV of satellite connectivity over the period from 2012–2021 for our base case. Our results suggest that the direct economic welfare of satellite links is likely to have an NPV of £31.3 billion over the next ten years (see Figure 6.4). 
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	Figure 6.4: NPV of surplus from satellite links (£ billion) [Source: Analysys Mason, 2012] 


Further details of the modelling methodology and assumptions for calculating the direct economic welfare from satellite communications can be found in Annex B.

7 Use of spectrum for PMSE and PMR
7.1 Overview and key results

This section describes the use of spectrum to provide various non-telecoms services, in particular:

· PMSE services – services provided using a variety of wireless technologies to support the production of broadcasting content and delivery of social, sporting and entertainment events. PMSE users include major broadcasters (such as the BBC, the other PSBs and Sky) that use wireless cameras, wireless microphones and other ancillary wireless equipment such as in-ear monitors and studio intercom or ‘talkback’ systems, to create programme content for transmission over digital TV or satellite television networks. A wide range of theatres, social clubs, churches, sports clubs and others also use wireless microphones as part of their productions and events – these are also PMSE users.

· PMR services – professional business radio services, including handset-to-handset communication and handset-to-base station communications used by professional users such as airports, utility companies, taxi companies and transport authorities within their operations.

Given that only limited changes have taken place in the PMR sector since the 2006 economic impact study was conducted, we have obtained consumer surplus estimates for PMR by updating the figures from the 2006 study. 

PMSE
As the PMSE sector covers a diverse range of users, including many that are very small (e.g. independent clubs and churches), and since spectrum is a relatively small (although important) input to overall PMSE sector activity, we do not believe it is practical to quantify the welfare impact that spectrum has for PMSE. However, we have provided a summary of main uses and spectrum priorities for these services. 

The frequency bands that are designated for PMSE use exist across the frequency spectrum from 40MHz to 50GHz. As with other uses of radio spectrum, much of the spectrum used by PMSE services is harmonised across Europe in the common allocation table and associated CEPT ECC recommendations. However, availability of spectrum for PMSE, particularly in bands below 3GHz, is becoming increasingly squeezed as a result of growing demand for similar spectrum for other applications. 

PMSE has also historically relied on using UHF spectrum on a shared basis with DTT, for wireless microphones. The auction of 800MHz spectrum in the UK, and the possibility that the 700MHz band may be re-allocated from DTT to mobile in the future, places further pressure on spectrum availability for PMSE.

PMR: consumer surplus and NPV
Even though many PMR users also use smartphones, tablet PCs and laptops, there is also value in PMR use from the unique features such as group calling and push-to-talk that PMR provides to users, but cellular networks typically do not. Our indicative estimate of the consumer surplus generated by PMR services in 2011 is £2.3 billion, a 55% real-terms increase on the value in 2006. We calculate an NPV for PMR of around £19.2 billion over the next ten years.

7.2 PMSE
As mentioned in the overview to this section, as there is a very wide range of PMSE users, and since spectrum represents only a small input to the activity of the PMSE sector, we do not believe it is practical to quantify the value generated by PMSE uses of spectrum. However, in the following we provide a summary of its main uses and spectrum priorities.

A range of applications and frequencies are used to support entertainment, sports and other events management, news gathering and broadcast programme production. PMSE services are used by the large UK broadcasters to support their production services, but there are also a wide range of smaller independent users – sports clubs, social clubs, theatres and churches – which use wireless microphones and other wireless ancillary equipment (e.g. in-ear monitors) at various large and small live events. In the UK, the spectrum used by PMSE is managed by a band manager called the Joint Frequency Management Group (JFMG) under contract to Ofcom. Ofcom is responsible for allocating spectrum bands for PMSE. 
PMSE generally uses spectrum on a secondary basis, shared with other primary users.
 It is noted that many of the frequency bands used for PMSE are shared with government users, primarily the military. PMSE is often cited as a good example of the sort of wireless services that are able to co-exist with military users. This is because PMSE usage can be co-ordinated geographically to avoid operation within designated exclusion zones, and also because the duration of many PMSE frequency assignments is typically rather shorter than the usual longer-duration frequency assignments that apply for other sectors of wireless use (e.g. an assignment lasting two or three weeks, covering a sports event). However, short-duration PMSE assignments, whilst typical of many users, are not the only form of assignment, and larger users such as broadcasters will typically apply for annual licences to cover continual PMSE use within studios for live show production and for out-of-studio news, sports and entertainment content gathering and other outside broadcast events.

PMSE therefore encompasses a wide various uses of spectrum that are broadly associated with programme making for TV, as well as supporting services for production and broadcasting of major events such as sports events, pop concerts and theatre performances. For this reason, the range of frequencies used by PMSE is fairly diverse, spanning a number of discrete blocks across a wide portion of the radio spectrum. Typically the frequencies used for PMSE are in two ranges, with short- and longer-range audio and data applications taking place in bands below 2GHz and video transmission, including terrestrial and airborne use, taking place in bands above 2GHz. Usage can be characterised in summary form as follows: 

Figure 7.1: PMSE spectrum and its uses in the UK [Source: Analysys Mason, 2012]

	Frequency
	PMSE use(s)

	40MHz to 2GHz
	Wireless microphones, in-ear monitors, audio links, remote control data links – mostly operating in UHF spectrum shared with DTT (470–790MHz), though some still operate in VHF spectrum (174–216MHz)

	2GHz to 50GHz
	Wireless cameras and video links (point-to-point and point-to-multipoint), including airborne (e.g. wireless cameras deployed in helicopters for aerial shots). Wireless cameras typically operate at frequencies of 2–4GHz in the UK (although use of higher frequencies such as 7.5GHz is becoming more common, while outside broadcast links operate at 2–20GHz)


Across most of Europe, the total amount of spectrum available for use by PMSE below 3GHz has declined as a result of competing demands for spectrum. PMSE has historically used spectrum in the 2.6GHz band (2500–2690MHz) in many countries around the world – including the UK – for wireless cameras and wireless video links, but this band is now being awarded for 4G use (and will be auctioned by Ofcom in the 4G auction in 2013). 

Another important band for the PMSE sector is UHF spectrum from 470MHz to 862MHz. PMSE has typically used ‘interleaved’ spectrum that exists between the frequencies used by terrestrial TV, predominantly for wireless microphone use in specific locations.
 However, as a result of policy changes in Europe, spectrum in the top part of the UHF band (790–862MHz) is has been re-allocated for mobile use and is no longer used for digital TV, and so will not be available for PMSE either. This spectrum (‘the 800MHz band’) will be auctioned by Ofcom in the 4G auction in 2013. Furthermore, recent discussions in Europe concerning possible future allocation of the 700MHz band for mobile use will further reduce the amount of ‘primary’ spectrum available for DTT as well as the amount of ‘secondary’, interleaved spectrum available for PMSE, if these are implemented.

It is also noted that alternative uses of interleaved or white-space spectrum in the UHF band have recently emerged in the UK in the form of white-space devices, designed to use the gaps between TV transmissions on a licence-exempt basis. Ofcom has proposed permitting white-space use in the UK on a licence-exempt basis providing that white-space devices can co-exist with both DTT and PMSE. This is proposed to be achieved by means of a geo-location database(s) that will indicate where white-space devices can be used, and the maximum power of use, to avoid interference to DTT and PMSE. A key emerging use of white-space spectrum is for M2M applications, as described in Section 5.3. 

Demand for PMSE spectrum nevertheless tends to be driven by short-term events (e.g. hosting of major sports or entertainment events at specific locations), and hence can often be accommodated in bands that are shared with other users (such as the military). For example, to ensure that demand for spectrum for the recent London Olympic Games could be accommodated, a frequency plan was developed that included PMSE use of spectrum that was ‘loaned’ to the Olympic Games from other Government departments, particularly defence and aviation (see Section 8).

Notwithstanding this, demand for PMSE spectrum is generally understood to be increasingly slightly year on year.
 Ensuring that the needs of PMSE spectrum users continue to be met is one of the priority actions indicated in the EC’s Radio Spectrum Policy Programme (RSPP), for example.
 
Various alternative frequency bands have been studied by CEPT for possible PMSE use in Europe, such as the L band (1452–1492MHz). However, a key issue within the PMSE sector is that it has been slow to adopt digital technologies. This is partly because some wireless microphone users are small, not-for-profit organisations (charities, churches, etc.), where equipment is a number of years old and replacement cycles are very long. As a result, some bands that are available for PMSE wireless microphone use (such as the 
1790–1798MHz band in Europe) are very lightly used, if at all, since users prefer to use analogue microphones in UHF spectrum. Studies published by Ofcom have established that it is possible to create some spectrum efficiency improvements by using digital wireless microphone equipment in UHF spectrum (since this allows more wireless microphones to re-use the same channel in a given area). However, this increase in re-use needs to be offset against operational difficulties in using digital wireless microphone equipment (such as increased echo and other performance issues) –issues which need to be rectified before there will be more widespread take-up of digital wireless microphone equipment.
7.3 Private mobile radio

PMR based on private- or public-access radio networks is used by a range of businesses and public bodies. PMR encompasses both voice and low-speed data communications, typically either person to person (i.e. handheld radio to handheld radio) or person to controller (i.e. handheld or vehicle radio back to a fixed control point). An overarching reason for choosing to use PMR rather than public mobile networks is often cost control (since a PMR user can own and operate the infrastructure, and so, once installed, the only cost of the system is maintenance and any system updates). However, PMR systems also typically support a number of unique features that are not offered by public mobile networks, providing another reason to use them either instead of, or alongside, mobile networks. In particular, PMR can provide:

point-to-multipoint (group) as well as point-to-point (individual) calls 

pre-emptive priority for some users (e.g. this is a feature used by the emergency services in the Airwave network)

once group calls are established, additional users can join the call, and there can also be restriction on the coverage of a group

· air interface encryption, or end-to-end encryption, if required (e.g. this is used in the Airwave system).

Examples of PMR usage include:

airports, which use PMR systems for security, passenger management and airfield operations

transport organisations such as bus companies, which use PMR for driver safety, on-bus driver communications, as well as for location services and bus-stop updates

shopping centres and retail outlets, where retail staff use PMR for security and customer management

· shipping ports, which use PMR for operations, information, conveying of instructions and security.

The emergency services (i.e. police, fire and ambulance services) are also PMR users. The emergency services originally used a variety of analogue PMR systems but in the last decade have migrated to using a national digital trunked radio network operated by Airwave. This particular application of PMR is further discussed in Section 8.2.4 below. A wide range of other UK industries are users of PMR systems; some of these are listed in the table below.
Figure 7.2: Typical PMR users [Source: Analysys Mason, 2012]

	Commercial industries
	Public sector/local authorities

	Aerospace/airports
	Environmental services

	Banking
	Emergency services

	Biotechnology and chemical industries
	Bus operators

	Entertainment and outside broadcast events
	Lifeboats

	Utility companies
	Prisons

	Retail centres
	Ports

	Oil industries
	Local Government

	Manufacturing
	Healthcare



There are three ways in which PMR services can be delivered:

· the PMR user buys and owns all the radio assets – this is typical of utility companies, for example

· the PMR user owns the terminals, but uses a service provided by a third party which owns the infrastructure (this is referred to as public access mobile radio or PAMR); this is the arrangement between the UK emergency services and Airwave

· the PMR user can purchase a complete service from a provider (including terminals) – this is the case for some users of the Airwave service, for example.

PMR usage is primarily concentrated in the VHF and UHF portions of the radio spectrum, in addition to some low-frequency usage (e.g. 132.977–133.977MHz and 146.205–147.205MHz in the UK). Demand in the low and mid VHF bands tends to be weaker than in the high VHF and UHF bands, since there is a wider range of equipment availability in the VHF and UHF bands, and systems perform better.

7.3.1 Economic welfare values

Consumer surplus

Figure 7.3 below shows the consumer surplus generated by PMR. Overall, there has been a 15% reduction in the number of PMR licences since 2006 (although it is noted that PMR licensing categories have been simplified by Ofcom in the past few years, so the number of licences currently held may not be directly comparable to numbers in previous years)
 However, since the average number of users per licence has increased, we estimate that consumer surplus has therefore increased by 84% in nominal terms from £1.2 billion in 2006 to £2.3 billion in 2011 (equivalent to a 55% increase in real terms).
Figure 7.3: Consumer surplus from PMR [Source: Analysys Mason, 2012]
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Producer surplus

We believe that the vast majority of producer surplus from PMR is enjoyed by equipment manufacturers, which are not generally based in the UK. We have therefore not attempted to calculate producer surplus for PMR (nor was a producer surplus calculated in the 2006 study).

NPV

We have calculated that the NPV of consumer surplus from PMR over the period 2012–21 is around £19.2 billion. 

Further details of the modelling methodology and assumptions for calculating the direct economic welfare from PMR can be found in Annex B.

8 Public-sector uses of spectrum

8.1 Overview and key results

This section describes the main uses of spectrum by the public sector in the UK. Historically, the public sector has been a significant user of spectrum, particularly within areas such as defence and aviation. In line with market-based reforms to private use of spectrum, such as the increasing use of auctions and introduction of administered incentive pricing (AIP) to encourage the effective use of spectrum, similar reforms are being implemented in the UK to the spectrum that the public sector uses. For example, the Ministry of Defence (MOD) committed to a wide-ranging review of the spectrum used for defence following a Treasury-led review of public-sector spectrum use in 2005 (the Cave Audit). The Cave Audit considered public-sector spectrum holdings in some detail, and recommended a series of forward-looking actions, including introducing formal ‘licensing’ of public-sector spectrum where it did not exist previously, in the form of Recognised Spectrum Access (RSA), which can be tradable, in a similar manner to commercially owned Wireless Telegraphy Act licences.
 

Similarly, the public sector is increasingly being charged for its use of spectrum based upon AIP. The primary objective of this is to encourage the public sector to use spectrum efficiently. This may encourage the public sector to release any spectrum it no longer requires for other uses, either because it is no longer required operationally, or because the opportunity cost of retaining the use of a particular band or bands is particularly high (as reflected in AIP fees). These, for example, are key motivations for the MOD’s current programme of short- and longer-term spectrum release. 

A key current objective of BIS and the UK Government in relation to public-sector spectrum use is to release up to 500MHz of spectrum from public-sector use by 2020. Since the MOD is the biggest user of spectrum within the public sector, there is a presumption that a large proportion of this release will come from defence spectrum, and the MOD is looking in particular to release parts of the 2.3GHz and 3.4–3.6GHz bands over the next few years. These bands are both suited to LTE use and will contribute up to around 200MHz of spectrum towards the goal of a 500MHz release. Further spectrum may be released by other Government departments: one frequency band that is being widely discussed within the mobile industry in terms of possible future use for LTE is the 2.7–2.9GHz band, which is managed in the UK by the Civil Aviation Authority and used for air traffic control radar. It should, however, be noted that there are almost always costs involved in freeing up public-sector spectrum for commercial use.
Although spectrum used by the public sector contributes significantly to UK society in various ways (e.g. maintaining national security, saving lives, preventing crime, and ensuring that transport systems can operate effectively and safely), we have not attempted to quantify the value of these uses in economic terms. This is principally due to the difficulties in being able to define an economic value for the spectrum used in support of, say, national security, or of effective policing. These services are essential to the way we live, but the overall value of these services and the proportion of that value attributable to the use of radio spectrum are both inherently difficult to quantify. 
In addition, there are many factors (including a number of confidential factors) involved in determining which public-sector spectrum could be made available for other use. Consequently, it may not be practical to release the spectrum bands where the potential gains from a transfer from the public sector to other uses appear greatest. We have therefore focused on describing the main uses of public-sector spectrum and the contributions these make to UK society in qualitative terms. In the remainder of this section, we describe key uses of spectrum for the public sector in more detail.

8.2 Public-sector uses of spectrum
Major public-sector uses of spectrum in the UK are:

Defence systems, which use spectrum managed by the MOD
Aeronautical and maritime services, including civil aviation services provided by the Civil Aviation Authority and National Air Traffic Services (NATS) and maritime services provided by the Maritime and Coastguards Agency

Transport systems, including road toll payment and intelligent transport systems, managed centrally by the Department of Transport. Many regional transport authorities also make extensive use of wireless spectrum – for example, Transport for London uses wireless networks to deliver real-time passenger information to bus stops, and for communicating with and sequencing buses, and for communication within the London Underground. Many other regional transport organisations make similar use of wireless networks
The emergency services, i.e. police, fire and ambulance services, managed by the Home Office, the Department for Communities and Local Government and the Department of Health, respectively

· Meteorological forecasting and climatological services provided by the Met Office.

Each is described briefly below.

8.2.1 Defence

Spectrum allocated for defence use in the UK is managed by the MOD and is used for many military purposes that provide essential services to protect national security as well as to support military personnel deployed in overseas territories. Defence uses of spectrum are diverse and range from narrowband telemetry through to military radar, aeronautical mobile systems for surveillance, tactical relay links, and air operations. Spectrum reserved for military use is allocated in the UK Frequency Allocation Table (FAT) in accordance with various allocations, with the main service categories being radiolocation, radio-navigation and radio-navigation satellite. Many of these allocations are not specific to the UK and are designated for similar purposes either across NATO countries (of which the UK is a part), or internationally.

When the MOD’s defence spectrum demand study was published in 2008, it was estimated that the MOD had access to 30% of radio spectrum in the UK between 100MHz and 3GHz.
 As the spectrum in this range is highly sought after for various commercial uses, the MOD’s spectrum management was a particular focus of the Government’s Cave audit in 2005. Since then, the MOD has been active in implementing a major programme of reform within its spectrum management in order to conduct detailed inventories of its spectrum use, estimate future requirements and reform the way that spectrum is assigned for military use.
 The aim is to realise efficiencies and release spectrum from defence use for use by other services in cases where bands are no longer required for core defence operations, or could be shared with other uses. The value of these bands to other users will, of course, depend on the cost and availability of equipment to operate in these bands, which will in turn depend on the extent to which they are, or may be, harmonised in Europe and beyond.

The MOD has so far announced plans to release up to 40MHz of spectrum in the 2.3GHz band and up to 120MHz in the 3.4GHz band, with further bands potentially being offered for alternative uses on a shorter-term, shared basis.
 Both the 2.3GHz and the 3.4GHz bands have been identified for early release, not just as a result of reviewing the MOD’s future needs in these bands, but also because they are internationally harmonised for 3G/4G use, and standardised for LTE and LTE-Advanced use. From an equipment supply perspective, the 2.3GHz band can be considered to be a better shorter-term opportunity. This is based upon current standardisation and device availability, which is linked to a growing number of 2.3GHz LTE deployments that have either already been launched or are planned in various countries in Asia. The 3.4GHz band, whilst identified internationally for IMT use, is still subject to study within European and international fora in relation to the way that it might be configured for IMT use, and specifically whether the band should be planned in a paired, or an unpaired configuration. 

Finally, it is noted that whilst the MOD is planning to release various frequency bands from defence use for other uses, in some parts of the MOD’s spectrum there is already widespread use by other services on a shared basis. For example, various civil systems already successfully share defence spectrum; important examples are SRD in the 2.4GHz and 5GHz bands, and PMSE in various defence bands between 1GHz and 5GHz – in these cases successful sharing arrangements have been in place for a number of years. It is also noted that the MOD plays a major role in supporting large UK-hosted events such as the Olympic Games and the Commonwealth Games by providing spectrum that can be used to support the peak demand for spectrum that occurs during such events.

8.2.2 Aeronautical and maritime services

Radio spectrum also plays an essential role within the aeronautical and maritime community, being used by a number of applications that ensure the safety and efficiency of air travel and maritime operations within the UK, as well as supporting the UK’s obligations to deliver global and regional interoperability. Typical uses of radio spectrum within the aviation sector are as follows: 

ground-based radar at airports to inform air traffic control, operating in various bands

airborne systems such as altimeters

navigation aids, such as beacons, landing systems and systems that allow bearing and range to be measured (supplemented by satellite navigation systems)

· communication between ground and aircraft (using, for example, MF, HF and VHF frequencies).

By the nature of their use, airborne systems have the potential to cause interference to other radio services across a wide area, including across borders. European and international co-ordination is therefore required for many aeronautical frequencies, to manage aviation frequency use across European borders, as well as to facilitate harmonisation of spectrum used for different applications, thereby creating economies of scale in the supply of wireless equipment used by the aeronautical community. This European co-operation is facilitated by organisations such as the European Organisation for the Safety of Air Navigation (Eurocontrol)
, which is an inter-governmental organisation made up of European member states, and the International Civil Aviation Organization (ICAO), which is a specialised agency of the United Nations, which sets standards and regulations necessary for aviation safety, security, efficiency and regularity.

Maritime and coastal services also use various radio communications, including radar and wireless systems on board vessels. Similarly to the spectrum used for aviation purposes, international allocations and regulations also apply to spectrum used by maritime and coastal services. This is co-ordinated via the International Maritime Organisation (IMO), which is a specialised agency of the United Nations with responsibility for safety and security of shipping.

In view of the extensive European and international co-operation that is required to manage spectrum used by aeronautical and maritime services, many of the spectrum bands used by aeronautical and maritime services are internationally harmonised, including some that are identified for distress and safety purposes, for which specific conditions of use and availability apply.

Spectrum used for ground-based radar is potentially easier to free up, as these systems are both stationary and passive (i.e. the radar stations simply measure the reflections that occur when the signal they transmit bounces off, say, an aeroplane, rather than being needed to communicate with a radio device installed on the aeroplane). However, as with other applications of radio spectrum, some frequency bands are more suitable for ground-based radar than others. Moreover, ground-based radar can be very long-range, so international co-ordination may be required before they can be relocated to another frequency band. 

One of the principal bands currently used for ground-based radar is the 2.7–2.9GHz band. Work is currently being carried out in the UK to modify equipment operating at the lower end of this band to avoid interference from 4G mobile systems operating in the 2.6GHz band when these are launched. We understand that, in principle, the replacement of existing ground-based radar systems with new technologies may enable more of this band to be vacated.

In the UK, the Civil Aviation Authority issues Wireless Telegraphy Act licences for civil use of the spectrum allocated to aeronautical services, on behalf of Ofcom.

It is noted that many of the bands used for aeronautical and maritime services are shared with other Government users, including the MOD, as described in the previous section.

Some aeronautical and maritime spectrum was also loaned to Ofcom for use in the Olympic Games, alongside defence spectrum.

Incentives to encourage efficient use of spectrum within the aeronautical and maritime sectors are being introduced by Ofcom through AIP spectrum fees. These are being phased in to use over a period of time, starting with VHF spectrum used by the aeronautical sector and potentially moving on to apply in other bands in future.

8.2.3 Transport

Road and rail transport authorities are also extensive users of radio spectrum, and wireless technologies on transport systems contribute substantially to the efficient and safe running of road and rail transport in the UK, as well as across Europe. At a UK Government level, one of the main users of radio spectrum for transport purposes is the Highways Agency, which uses a range of radio communications and remote sensing applications, such as road traffic telematics and road toll systems. This is supplemented by various wireless systems used by local transport authorities, which are further described below. Road and rail transport organisations are also major spectrum users – for wireless services such as real-time passenger information, bus lane enforcement, and control-room-to-cab communication for trains, buses and underground trains.

Major investments in wireless systems for transport use in UK include the GSM Railways (GSM-R) service that is deployed across the UK railways to provide train-to-track communication, as well as systems such as ‘iBus’, the wireless system of Transport for London (London Buses) that provides communication between control rooms and buses, as well as real-time information to bus passengers at bus stops. Other services include the terrestrial trunked radio (TETRA) system used on the London Underground, which uses similar spectrum to the TETRA system used by the UK’s emergency services (as described in the next subsection).

It is noted that many transport applications can successfully share spectrum with Government uses, and specifically with defence. For example, Network Rail’s GSM-R system is being deployed in defence spectrum in the 900MHz band, and there is also a possibility of transport applications using some of the bands that the MOD will release over the next few years on a short-term, shared basis, such as 1427–1452MHz.

As well as using licensed spectrum, many transport organisations make extensive use of licence-exempt technologies such as Wi-Fi (for example, to control traffic lights, or operate wireless CCTV systems installed along transport routes).

8.2.4 Emergency services

The emergency services use various spectrum bands, ranging from lower frequencies for mobile radio (VHF/UHF), through to microwave frequencies (e.g. in the 2GHz to 10GHz range) for a variety of fixed wireless and wireless video communication systems that are essential to effective policing, fire and ambulance operations. Spectrum for emergency services use is listed in Annex I of the UK FAT, which includes a number of bands that the emergency services share with the MOD. 

Emergency services traditionally used various frequencies in VHF and UHF bands in the UK for analogue private mobile radio, with different systems being operated by the different emergency services. During the 1990s, this usage was consolidated through a series of major procurements, resulting in the introduction of a single, dedicated nationwide digital trunked radio network for police, fire and ambulance use. This service is currently delivered by Airwave using TETRA technology in spectrum in the 380–400MHz range, which is harmonised NATO spectrum managed by the MOD in the UK. Part of the 380–400MHz band (380–385MHz and 390–395MHz) is harmonised across Europe for public safety use.
Emergency services also use various other frequency bands in the UK for fixed links, airborne telemetry and video links. Much of the spectrum that the emergency services use is shared with the MOD, as noted previously.

Over the past few years, it has become increasingly clear that there is a requirement within the emergency services for mobile broadband services. A number of studies, including one conducted for the TETRA Association
 by Analysys Mason, have shown the need for emergency services to have access to networks that can deliver higher data-rate mobile applications, and many more data-centric applications. Support for mobile video transmission is a key requirement, and this is likely to exceed the data capacity of the existing TETRA systems. Similarly, there are many other services which, if taken up by many users in an area, would exceed the existing TETRA data capacity. There is therefore a need for new, dedicated mobile broadband capacity for future use by the emergency services.

It is noted that existing commercial mobile networks do already carry some emergency services data, but on a non-mission-critical basis. Many of the future mobile applications to which the emergency services require access are, or will become, mission-critical as the organisations rely on the services to meet their obligations to protect society. Location services are one example of a mission-critical data application: situational awareness, which gives officers graphical information on what is in their locality, is achieved via voice at the moment, but would be mission-critical if delivered as a data service.

It seems that the USA is taking the lead in mobile broadband for the emergency services, and LTE is the clear preferred technology. In the USA, dedicated spectrum (in the 700MHz band) is being proposed to accommodate the LTE network requirements of the emergency services. 

In January 2011, the US Federal Communications Commission (FCC) issued an order and proposed rule-making that requires all 700MHz public safety mobile broadband networks to use a common air interface, specifically LTE, to support roaming and interoperable communications. The USA already had spectrum at 700MHz allocated to public safety, including two blocks of 5MHz spectrum allocated for broadband use. In February 2012, further legislation was passed allocating the 700MHz ‘D Block’ (a further two 5MHz blocks adjacent to the previous broadband spectrum) to public safety, establishing the First Responder Network Authority or ‘FirstNet’ in August 2012 to set up a nationwide, interoperable public safety broadband network.
Similar developments are also envisaged in Europe. Here the focus is on obtaining suitable harmonised spectrum for public safety mobile broadband applications, since sufficient spectrum is not identified at present. The Council of the European Union has recommended to CEPT and ECC that law enforcement agencies should have high-speed data capabilities, that studies should be carried out to identify spectrum below 1GHz for public safety mobile broadband, and that there should be a European standard for public safety mobile broadband. The need for action to address spectrum for mission-critical networks is now reflected in Europe’s five-year spectrum plan (Radio Spectrum Policy Programme), recently agreed by the European Parliament. 

CEPT has set up a project team within its Frequency Management working group, called Project Team 49, or PT49, which is working on radio spectrum for public protection and disaster relief, in particular to specify broadband high-speed data applications and associated harmonised spectrum requirements. 

8.2.5 Meteorological and scientific services

The Met Office and the scientific community use a broad range of spectrum bands for the purposes of climate monitoring, weather forecasting and earth observation. 

A number of studies have estimated the socio-economic value of meteorological services provided to the UK, but we are not aware of any that attempted to estimate the proportion of the overall value that is attributable to the use of radio spectrum. A study carried out for the Met Office in 2007
 estimated that the benefits provided by the Met Office to the public through the Public Weather Service were valued at an average of £7.30 per person per annum, giving a total value of at least £350 million. Further to this, a limited number of case studies based on the use of Met Office services by the Cabinet Office, Environment Agency (EA) and Civil Aviation Authority estimated a total additional benefit, where quantifiable, of at least £260 million per annum. This should be qualified against a 2006 Met Office study which estimated that the total value of Met Office services would in fact be closer to £1.5 billion.
 Such values could be expected to have risen considerably by 2012, notably given the development of a number of collaborations across Government, such as the joint Flood Forecasting Centre with the EA and the broader Hazards Centre, including services such as volcanic ash and space weather advisory/warning services. Indeed, international studies such as that by EUMETSAT (the European Organisation for the Exploitation of Meteorological Satellites) regarding the second generation of polar satellites
 reveal significant levels of public benefit across Europe for meteorological services provided, in the region of €15–62 billion. These services underpin protection of life and property through accurate prediction of severe weather and flood risk, and rely heavily on access to spectrum for remote sensing of observational data and radiocommunications.

In many cases, the choice of spectrum band used for meteorological and scientific services is determined by very specific physical requirements. For example, Met Office wind-profile radars, which share the
915–917MHz and 1270–1290MHz bands with other users, give a picture of vertical wind profiles by measuring very small amounts of reflected power that have been backscattered by atmospheric turbulence. The frequency of the radio waves transmitted must be suitably matched to interact with the overhead airflows. It is therefore likely to be difficult to find alternative frequency bands for many meteorological and scientific spectrum uses. In the case of the 5.6–5.65GHz band (C band), where the UK Weather Radar Network (which detects precipitation and provides Doppler wind information) is operated, the Met Office has raised interference concerns with Ofcom which are currently being investigated. In this instance it is also possible for weather radar to use 2.7–2.9 GHz (S band) for meteorological radar, thus if the C band becomes unusable for this purpose, it may be necessary to migrate the network to the S band in the UK.

A large amount of spectrum used by the Met Office and the scientific community is harmonised across Europe, or worldwide. One of the most important factors driving harmonisation is the ever-increasing reliance on satellite observation. EUMETSAT, which is a joint initiative between 26 European states, operates a constellation of both geostationary (Meteosat) and polar (METOP) observation satellites, as well as an ocean surface topography mission (known as JASON), all of which are heavily relied upon by the UK Met Office for weather forecasting. 

Satellites used for Earth exploration have become crucial to monitoring the Earth’s surface and atmosphere and thus understanding environmental issues such as climate change. Earth exploration typically uses a mix of active techniques (where radio waves are transmitted from the satellite and any reflection is detected) and passive techniques (where naturally occurring radiation is monitored). With respect to passive techniques in particular, there must be no interference in the frequency bands being monitored (especially exclusive passive bands such as those defined under Radio Regulation footnote 5.340, e.g. the 1.4GHz soil moisture and ocean salinity passive monitoring band), and as the uses of these frequencies are determined by specific physical properties, it would be impossible to migrate these passive monitoring systems to another frequency. 

The same is true for radio astronomy, where typically ground-based radio observatories passively listen for microwave radiation emitted by distant astronomical objects. Radio astronomy advances our understanding of the universe and has led to impressive technical innovation in areas such as accurate atomic timing and software development. Radio telescopes are sensitive instruments, since they are designed to detect weak signals which may originate many billions of kilometres from earth. They must therefore be protected from interference and so many radio telescopes have radiation exclusion zones around them. 

There are a number of other scientific uses of UK spectrum, including radiolocation (which uses active radar to determine the position of objects in space such as asteroids), space research (which involves sending probes into orbit or across the solar system on exploration missions) and the associated space operations (i.e. the communication and control of space probes and satellites). 

8.2.6 Costs associated with releasing public-sector spectrum

It should be noted that, except in a very small number of cases where spectrum allocated to the public sector is not being used, there would be costs associated with freeing up public-sector spectrum. In addition, extensive collaboration is also often required between Government departments to release spectrum from public-sector use, in view of the fact that many of the frequency bands used by the public sector are shared between users (e.g. aeronautical, maritime and defence, or defence and emergency services).

A number of studies are currently being undertaken to estimate the cost of moving users from bands that are candidates for release into alternative bands, or the cost of upgrading existing systems to minimise the effect of interference from new incoming services. An example of this is in relation to the upgrade of civil, maritime and defence radar equipment in the 2.7–3.1GHz band to minimise interference from incoming LTE systems in the 2.6GHz band that Ofcom will auction in 2013. Many of these studies are still in progress and we have not attempted to quantify these costs in this report. Nevertheless we note that in some instances preliminary estimates of the relocation costs for certain bands are substantial enough to warrant a thorough analysis of the cost–benefit case for clearance before relocation takes place.
9 Future shifts in spectrum use and value

9.1 Overview and key results

The previous sections of this report describe the economic and social impact of existing usage of radio spectrum resources in the UK. However, the pace of development across the wireless sector is rapid, and is leading to usage patterns that are increasingly dynamic. As future demand for spectrum may differ significantly from today’s requirements, there is a need to look forward to potential future use of spectrum by services that most demand it (e.g. mobile broadband) whilst also protecting the spectrum needs of existing users. 

In this section, we start by describing some of the key developments in applications, technology and market structure taking place in the sectors we have identified as generating the largest benefits to the UK economy. We also discuss related developments – such as the broader range of applications now emerging to use licence-exempt spectrum – and emerging models of shared access to spectrum in Europe, such as the EC’s licensed shared access model and the alternative ‘authorised shared access’. Finally, we consider what these developments may mean in terms of future demand for, and use of, radio spectrum in the UK, and how this may change the value of radio spectrum use as described in this report.

The substantial growth in mobile data traffic seen in recent years is expected to continue. So far, the main candidate bands to meet future mobile broadband spectrum needs in Europe that are emerging are the 700MHz band (available in other parts of the world but used for DTT in Europe), spectrum in the L band, spectrum around 2GHz currently allocated for mobile satellite use, 2.7–2.9GHz and 3.4–3.8GHz.

The use of licence-exempt spectrum is also growing, with an increasing range of M2M applications emerging as well as increased use of Wi-Fi. Licence-exempt spectrum such as the 2.4GHz band is now increasingly being used to accommodate mobile subscribers who are paying for a mobile broadband service. This has many implications, but notably it emphasises the need for quality of service to be provided, and a possible need for additional Wi-Fi spectrum to be identified in the future.

In the TV broadcasting sector, a move towards DVB-T2 to provide additional HD capacity is envisaged at some point, but not until the proportion of the population with access to a DVB‑T2 receiver is considerably higher than the current figure of 70%. TV viewing is no longer restricted to just TV sets, and streamed TV is increasingly being viewed via connected TV sets (over the internet), on smartphones and on tablet devices. In the longer term, it is questionable whether there will continue to be a high demand for DTT, or whether other platforms (cable, satellite, fibre and mobile) may increasingly dominate, but we believe that high demand for DTT will continue beyond 2020, the timeframe of interest for this study.
In the radio broadcasting sector, an upgrade from DAB to DAB+ would be desirable on technical grounds, but raises similar issues of equipment compatibility.
Fixed microwave links will continue to be used where there is a need to bridge the gap between a cellular base station and the nearest fibre point, although the average length of these links is likely to reduce as fibre is rolled out further into local fixed telecoms networks. This may mean that more links can be based on emerging gigabit wireless solutions, using the licence-exempt 60GHz band, for example. 

The principal trend in satellite communications is a move to higher-frequency spectrum bands, brought about by a shortage of capacity in the lower-frequency bands. For PMSE there is also a trend towards use of higher-frequency bands, and a more widespread use of bands such as 6–7GHz for wireless cameras.

Within the PMR sector, the main trend is a need among larger PMR users (e.g. utilities, transport authorities and emergency services) to have access to mobile broadband services. For example, the emergency services have identified a need for mobile broadband.
Making better use of spectrum by re-using under-utilised portions of bands (e.g. UHF white space), or through spectrum sharing, is an important area of development taking place across Europe. The potential to share spectrum should not be overlooked when considering the strategy for releasing 500MHz of spectrum from the public sector (noting that the MOD is already offering a number of its bands for shared use).
9.2 Future developments in the public mobile market

9.2.1 Market, technology and consumer trends

Trends in mobile data traffic

As has been widely reported in a range of published material, the mobile industry in the UK has experienced substantial growth in data connections and services in recent years. This growth in the use of mobile data devices in the UK is in line with similar trends taking place in many countries worldwide. Since we are forecasting only modest growth in the total number of mobile connections over the next ten years (from 81 million devices in 2011 to 88 million in 2021), we see growth in traffic per mobile connection – particularly connections from smartphones and tablet devices – as the main driver of demand for network capacity. Analysys Mason Research estimates that between 2012 and 2017 the average traffic per connection in the UK will increase at a CAGR of around 20%, taking the average traffic per connection (for handsets and mobile broadband devices) from 330MB per month to 780MB per month (see Figure 9.1). 
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	Figure 9.1: Mobile connections and traffic per connection for the UK
 [Source: Analysys Mason, 2012]




Various third-party traffic forecasts are more aggressive. For example, Cisco forecasts that overall mobile data traffic in Western Europe will increase by a factor of 13.5 between 2011 and 2016. Cisco does not provide a detailed forecast of device numbers, but based on the Analysys Mason device numbers this corresponds to an average increase of nearly 50% per annum in the traffic per device. 

Various types of video application are a key factor driving an increase in the traffic per mobile connection. Cisco’s forecast suggests that by 2016 two-thirds of all mobile data traffic will be video (see Figure 9.2). Cisco’s forecast suggests a significant trend away from watching TV on traditional TV sets towards watching live or catch-up TV via smartphones or tablets. Such a trend would have important implications in terms of the spectrum required for mobile networks in the future, since video traffic is typically highly asymmetric (far more subscribers download video to watch, than upload video to sites such as YouTube). In the past most mobile spectrum assignments have generally been symmetric (i.e. the same bandwidth is available in the downlink and the uplink direction), but this may increasingly no longer be the case, and emerging technologies such as TD-LTE that use unpaired spectrum may be the most efficient way to carry large amounts of asymmetric traffic.

Figure 9.2: Global mobile data traffic by application type [Source: Cisco Visual Networking Index, 2012]
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It is generally agreed that users of the most popular smartphone devices use mobile data more extensively than other types of mobile user. For example, Cisco has estimated that smartphones represent 12% of total global handsets in use today, but are responsible for over 82% of total mobile handset traffic.
 Cisco also estimates that a typical smartphone generates 35 times more mobile data traffic (150MB per month) than a typical basic mobile handset (4.3MB per month). Ofcom’s latest Communications Market Report suggests that two-fifths of UK adults now own a smartphone, and the same proportion of adults (equivalent to 32.6 million subscribers) say their smartphone is their most important device for accessing the internet. 

The growth in data traffic is the main reason why mobile operators are planning to invest in 4G LTE networks. In parallel with rolling out 4G networks, many operators are also increasing the data capacity of their current 3G HSPA networks by upgrading to HSPA+ and variations such as dual-carrier HSPA+ which enable higher peak speeds to be achieved in each cell. 

With the higher speeds that HSPA+ and LTE can provide, an increasing number of UK households are expected to use mobile broadband, either alongside fixed broadband in the home, or as their main broadband service (i.e. without fixed broadband). Ofcom’s Communications Market Report suggests that the majority of mobile broadband users use it alongside fixed broadband at the moment: in the first calendar quarter of 2012, 13% of households used mobile broadband, but only 5% of households relied solely on mobile broadband for their internet connection. 

Trends in m-commerce

Smartphones are increasingly being used for m-commerce, i.e. internet transactions such as online shopping conducted using a mobile device. A study by AT Kearney on ‘The Internet Economy in the UK’
 describes the transformational impact of the internet, and the role of mobile connections within this. The study highlights the strength of the e-commerce market in the UK, particularly the business-to-consumer (B2C) e‑commerce sector, which in the UK is three times the global average. The relative strength of the consumer e-commerce sector in the UK is seen to be due to strong adoption within the UK of internet services such as online shopping, competition in the UK’s fixed and mobile market pushing up e-commerce adoption, and the influence of US online retailers in the UK, which has increased the number of online retailers.

In terms of the number of e-commerce transactions carried out using smartphones or other mobile devices, the UK is estimated to be the biggest market for mobile shopping in Europe. Published research in this area suggests that shopping on mobile handsets is set to increase by 584%, reaching a total value of £4.5 billion in 2012.
 Analysys Mason Research has studied the rise in popularity of m-commerce and concluded that the most popular applications are those provided by established online retailers (e.g. Amazon and eBay). Figure 9.3 shows the m-commerce apps installed on smartphones belonging to a panel of respondents. Mobile payment is also increasingly being used, although at present this market is almost entirely led by one provider, PayPal. The increasing use of m-commerce applications, particularly by smartphone users, is a key trend that is expected to continue in the UK market.
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	Figure 9.3: Penetration of retail apps among smartphone panellists [Source: Analysys Mason and Arbitron Mobile, 2012]


Trends in business use

In relation to the use of mobile technology within businesses, a key growth area in recent years has been in supply-chain management. Various IT companies offer mobile supply-chain applications as part of their supply-chain management solutions. These use mobile devices with barcode scanning within manufacturing and other industrial processes for stock-taking, tracking and streamlining the movements of goods and products, enabling electronic, rather than manual, data entry. The benefits of using mobile technologies within supply-chain management include improved accuracy in data entry, ability to query data in real time, increased transaction accuracy and improved productivity.

Trends in M2M communications

The total volume of traffic created by non-human, M2M communication is currently small compared to smartphone or mobile broadband traffic, since M2M connections typically involve short-duration, low-data-rate transfers of information. However, M2M applications are of increasing importance to the UK economy and their future spectrum needs should therefore be considered. As noted in Section 5.3, the M2M market is a particularly dynamic one at present, with various alternative radio solutions emerging. Therefore, whilst cellular networks are one solution for M2M traffic, there are also others. 

Analysys Mason Research has established that the most used categories of M2M application over cellular networks are devices within vehicles, video surveillance and applications used by the emergency services. Devices within vehicles include connected car applications such as engine monitoring, safety and security, and car infotainment. Video surveillance includes small wireless cameras that are increasingly deployed in city centres and within buildings for security purposes. The emergency services use of M2M is varied, and includes surveillance and monitoring of people, buildings and incident areas (e.g. perimeter control monitoring systems). An estimate of the traffic per month from the most used categories of M2M over cellular networks is provided in Figure 9.4.
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	Figure 9.4: Traffic per month from the most used categories of M2M over cellular networks [Source: Analysys Mason, 2012]


Implications for spectrum usage

As described earlier in this report, 4G technologies will offer significantly better-quality mobile services, and enable mobile operators to accommodate increasing amounts of use, in line with forecast growth in demand. LTE can either be deployed in existing 2G/3G mobile spectrum (by ‘re-farming’ blocks of 2G/3G spectrum for use by 4G technology),
 or it can be deployed using new spectrum. The main source of new spectrum for 4G will come from Ofcom’s auction of 800MHz and 2.6GHz spectrum in 2013, but other sources also exist. The MOD’s planned release of 2.3GHz and 3.4GHz spectrum, for example, is suitable for 4G use.

The factors that drive operators’ choices of frequency bands for 4G are complex, and include a mix of consumer, price and technology factors. Some of the most important factors are the need to provide in‑building coverage for mobile broadband services, which can be more easily delivered using bands below 1GHz, and the availability of devices that are compatible with particular frequency bands. The mobile industry is an increasingly global one, with complex supply chains operating across world regions. Global harmonisation of spectrum has become a key area of focus for the mobile industry, as the supply of mobile devices benefits from spectrum being available in a harmonised way across different world regions (due to the creation of economies of scale, and the ability to take advantage of research and development on a global scale). In particular, operators want to use frequency bands that are supported by some of the most popular devices (like Apple’s iPhone and iPad, and Samsung’s Android smartphones and tablets).
The next step after LTE in the evolution of mobile technology is a set of standards known as LTE-Advanced, which is expected to be commercially available around 2014. LTE-Advanced will enable the use of wider channel widths to increase data-carrying capacity (possibly aggregating up to five 20MHz carriers to give 100MHz bandwidth). This suggests that spectrum released in wider, contiguous blocks will create greater value in future than the release of smaller, fragmented blocks.
Other techniques to increase mobile data capacity

Investment in 4G is a substantial cost for mobile operators, and so, in parallel with the roll-out of new technology, they are implementing cost-reduction measures such as network sharing and data traffic offloading to contain ongoing costs. In some cases, network sharing combined with spectrum pooling is being used, resulting in the consolidation of traffic loads from two networks into a single, combined spectrum bandwidth. There is already evidence of mobile operators in Europe submitting joint bids for radio spectrum – for example, both the Swedish and Danish 800MHz auctions included bidders which were joint ventures between incumbent mobile operators. 

In the UK, network sharing is particularly important in less populated areas of the country, though operators are not limiting sharing to rural areas, and the recent announcement that Vodafone and O2 are to share infrastructure for their 4G roll-outs applies nationally. However, whilst they will share infrastructure, their spectrum assets will be separate and each operator will continue to manage its own individual network traffic loads. By contrast, the merger of Orange and T-Mobile to form Everything Everywhere has resulted in the traffic loads of the two networks being consolidated into a single network over a common bandwidth (comprising their combined spectrum holdings). Separately, Three, the fourth operator in the market, has also entered into a network sharing agreement with Everything Everywhere.

As discussed earlier, Wi-Fi offloading may take the form of passive offloading, where consumers choose to use Wi-Fi from their smartphone or tablet in certain locations, or active offloading, where mobile operators choose to offload traffic onto Wi-Fi (e.g. to a public Wi-Fi hotspot provider, or to their own Wi-Fi network in some cases).

There are various other ways in which operators can increase network capacity:

· The introduction of small-cell solutions. Small-cell technology refers to compact base stations that can be added to an LTE network to provide additional capacity in particular hotspot areas. These small-cell base stations operate at lower powers than the main mobile transmitters that are deployed in the UK. They can be mounted at street level rather than on the tops of buildings or towers, for example on lamp posts or other street furniture. This provides additional capacity in areas where it is most needed in networks – for example, in dense urban areas. Small-cell solutions have been available for a number of years but they will become a more realistic proposition once LTE-Advanced is rolled out, since the LTE-Advanced standard offers better integration between small cells and main transmitters in an LTE network. Release 10 of the 3GPP standard includes initial LTE-Advanced features, and further iterations of the standard in subsequent releases will introduce further functionality. Operators are expected to move to LTE-Advanced from around 2016–2018 onwards.
· The use of advanced features in LTE-Advanced such as carrier aggregation, which enables 5MHz or 10MHz carriers to be aggregated either within a band (inter-band aggregation) or between bands (intra-band aggregation) to provide a wider bandwidth. Initial aggregation solutions (e.g. dual-carrier HSPA) require the use of contiguous carriers, though it is anticipated that LTE-Advanced will increasingly enable non-contiguous carriers to be aggregated.

· The use of MIMO
 antennas, which can be used with either HSPA+, LTE or LTE-Advanced to further improve the achievable capacity and performance per cell. There are different configurations of MIMO that can be used: 2(2 MIMO exists currently, 4(4 is emerging, and 8(8 is envisaged for future development.

Work conducted on behalf of Ofcom by Real Wireless describes a range of capacity-enhancing techniques that mobile operators can use as an alternative to deploying additional, traditional base stations.
 A summary of these is provided in Figure 9.5 below.

Figure 9.5: Capacity-enhancing techniques [Source: Real Wireless, 2012]

	Technique
	Opportunity
	Challenge

	Carrier aggregation
	· Allows devices to access multiple channels, potentially across multiple bands

· Increases effective device bandwidth, which can extend coverage
	· Does not directly increase available supply of capacity, just access to the available spectrum

· Support in devices may be limited to specific bands, and radio frequency performance may be less than a single-band solution

	Offload via femtocells

	· Suitable for offloading indoor traffic

· Potentially closely targeted at locations with specific capacity need

· Licensed spectrum to improve quality of coverage

· Supported by all mobile devices
	· Interference and mobility co-ordination with wide area cellular network

· Availability of suitable backhaul

· May be difficult to target the most needy locations

	Offload via Wi-Fi
	· Suitable for offloading indoor traffic

· Widely deployed, large number of existing access points

· Growing support in mobile devices and for carrier-managed mobile experience
	· Lack of support for seamless call and mobility is a key drawback

· Possible congestion of licence-exempt spectrum

· Availability of suitable backhaul

· May be difficult to target the most needy locations

	Extensive use of outdoor small cells
	· Cost-effective supply of capacity to localised hotspots

· Extension of coverage to smaller settlements (e.g. in rural areas)
	· Difficult to predict and locate the hotspots, which may change over time

· Challenging to acquire the right sites and provide power and backhaul

· Potential need for site sharing among operators to avoid site proliferation


9.2.2 International spectrum developments 
International harmonisation is an important attribute for spectrum used by a wide variety of services, but this is particularly important for public mobile services: it is generally recognised that use of harmonised spectrum increases consumer benefits, through a wider range and choice of devices, ease of global roaming and a wider choice of applications and services. The frequency bands used by cellular mobile services vary across world regions. Early-generation (1G and 2G) cellular systems typically operate in the 850MHz, 900MHz and/or 1800MHz bands, although only the latter two bands are used in the UK and Europe.
 3G mobile networks were initially deployed in Europe using spectrum in the 2100MHz band. Subsequent spectrum liberalisation and technology developments across Europe have now led to frequency bands previously assigned for 2G use (i.e. 850MHz, 900MHz and 1800MHz) being re-assigned or ‘re-farmed’ for 3G, and potentially 4G, services. This liberalisation process is still to be finalised in the UK.

In addition to re-using 2G and 3G spectrum for 4G systems, the ITU also identified a number of additional bands for 3G/4G system use in different world regions at a series of WRCs (i.e. WRC-2000, WRC-07 and WRC-12). The total number of bands identified for IMT use internationally includes various globally as well as regionally identified bands.

The primary global bands for IMT (3G and 4G) use are:

790–960MHz

1710–2025MHz

2110–2200MHz

2300–2400MHz

· 2500–2690MHz.

In addition, a number of bands are identified at a regional level:

698–790MHz (ITU Region 2) – this band was provisionally identified at WRC-12 for mobile use in ITU Region 1 (including Europe); this will be confirmed at WRC-15, which will make this a global allocation

610–790MHz (nine countries in ITU Region 3
)

· 3400–3600MHz (across ITU Region 1 including Europe, plus nine administrations in ITU Region 3, including India, China, Japan and the Republic of Korea).

Each of the bands above can be used by either 3G or 4G technologies, and a wide range of end-user devices now exist (basic handsets, smartphones, dongles, tablets, etc.) that operate across various of the bands identified globally for IMT use.

There are various forecasts of what additional spectrum is needed to support the anticipated increase in mobile data traffic in future. At the ITU level, in 2007 the ITU-R estimated total spectrum requirements for IMT systems, and identified a total requirement of 1700MHz of spectrum, which includes spectrum already allocated for mobile and Wi-Fi, plus an allowance for additional bands yet to be identified. In Europe, the EC’s RSPP identifies a need for 1200MHz of spectrum for mobile broadband use by 2015,
 of which around 410MHz is additional spectrum beyond spectrum currently allocated for mobile use in Europe.

To identify where the additional 410MHz of spectrum might be found, candidate bands for future mobile broadband use will be studied by CEPT and the ITU-R in the lead-up to WRC-15. WRC-15 will consider the need for additional spectrum to be identified for IMT systems in the international frequency allocation table. Items 1.1 and 1.2 of the WRC-15 agenda deal with spectrum for IMT use. It is understood that additional bands to meet both coverage and capacity requirements for future 4G networks will be studied in the context of these agenda items. Studies have only recently commenced and therefore no conclusions have been reached so far, but industry discussion seems to be focused on the following bands as candidates for 4G use:

700MHz (694–790MHz) – provisionally allocated for mobile use at WRC-12
1.4GHz (1452–1492MHz) – identified as a possible candidate band for re-assignment in Europe, based on the interim results of the EC’s spectrum inventory project published in June 2012.
 A wider band, from 1427.9–1510.9MHz, has also been identified for possible wireless broadband use in Australia
 

2GHz mobile satellite spectrum (1980–2010MHz and 2170–2200MHz) – since these bands have not been used for MSS services in Europe

Parts of 2.7–2.9GHz
· Parts of 3.4–3.8GHz.
Identification of some of these candidate bands has been guided by an inventory of European spectrum use undertaken by consultants on behalf of the EC.
 This inventory project is ongoing, but interim results have been published and discussed within the wireless industry. Bands that the inventory has identified as being not used at all in Europe include the L band and the 2GHz mobile satellite spectrum, as noted above. Other bands that have been identified as being lightly used include 3.4–3.8GHz. The inventory project also identified the 3G unpaired bands in Europe (1900–1920MHz and 2010–2025MHz) as being unused. However, since those bands are already allocated for mobile use, they cannot be considered as candidates to meet the additional spectrum requirement. 

A key issue for the mobile industry is how these bands can be used in future, and whether the introduction of LTE might enable their use. To date, a limited ecosystem for 3G TDD equipment, coupled with certain deployment challenges, has discouraged mobile operators from deploying 3G unpaired systems. In the UK, one of the 3G unpaired bands (2010–2025MHz) has not been awarded at all. Ofcom did consult on awarding that spectrum alongside other spectrum in the 4G auction, but in the event this band will not be auctioned alongside 800MHz and 2.6GHz in the upcoming auction, and no timescales have been published on its possible availability. 

It is likely that the international decisions that WRC-15 will take in terms of additional spectrum for mobile use will require Ofcom to take subsequent decisions regarding whether to make the additional bands available in the UK – and if so, how. It is expected that the bands that are identified internationally will also form a key input to the Government’s thinking on which bands should be released from public-sector use, to meet the 500MHz release target. Of particular interest may be the 1.4GHz and 2.7–2.9GHz bands, as identified in the list above. Part of the 1.4GHz band (from 1452–1492MHz) is being discussed as a candidate band for LTE. This band is adjacent to spectrum used by the MOD (1427–1452MHz),
 and therefore there is an opportunity to create a wider, contiguous bandwidth that is likely to be of particular value to LTE, which requires use of larger channels to achieve its full efficiency and high-speed throughput. The 2.7–2.9GHz band is currently used for civil aviation and maritime radar.

9.3 Future developments in the broadcasting market

9.3.1 Market, technology and consumer trends

Trends in digital TV

As noted in Section 4.3, the past decade has witnessed the development of a range of digital technologies for both radio and TV broadcasting. Ofcom’s latest Communications Market Report suggests that take-up of digital TV is now nearly universal in the UK, with the percentage of homes with digital TV increasing from 93% in the first quarter of 2011, to 96.2% in the first quarter of 2012 (see Figure 9.6 below). The greatest share of total viewings is via DTT, which accounts for 43% of total viewing. 2012 is the first year in which DTT viewing has been higher than viewings via digital satellite (40%). 
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	Figure 9.6: Split of TV viewing by platform [Source: Ofcom Communications Market Report, 2012]


Digital satellite and cable account for just over half of TV viewing in the UK. These platforms offer a large number of HD programmes as part of their subscription packages. IPTV services (which stream TV programmes over an internet connection) and services such as BT Vision (which combine IPTV with DTT) are used in a small but growing number of households. The recent launch of ‘YouView’ in the UK is aimed at extending this trend. An increasing proportion of TV sets sold (so-called hybrid sets) are capable of connecting to the internet using a fixed or Wi-Fi connection to access content such as YouTube clips, although they are not necessarily capable of being upgraded to access the richer variety of content offered by platforms such as YouView. The European Information Technology Observatory estimates that 22% of TV sets shipped in the UK in 2011 were hybrid sets and that this proportion will rise to 27% in 2012.

A key difference between DTT in the UK and other platforms is that the DTT platform (Freeview) is a predominantly free-to-air offering, whereas other platforms offer subscription services. However, Ofcom’s Communications Market Report indicates that the share of viewing of free-to-view channels (i.e. those channels available over DTT) has grown on both digital satellite and cable platforms.

HD capacity on Freeview is currently restricted to one multiplex, as noted above. Demand could increase as users become increasingly accustomed to viewing in HD. However, given the network capacity that would be needed to achieve this, it is difficult to envisage free-to-air DTT being able to offer an equivalent number of HD channels to those of other platforms, without needing substantially more bandwidth to be available. 

Another possible growth areas is 3D TV, though again it is questionable whether this will be rolled out extensively over DTT – it is likely to be limited to subscription services delivered over other platforms. Studies are also being undertaken into Ultra High Definition TV (UHDTV), which has already been tested in Japan. However, the spectrum required to deliver UHDTV over DTT would be substantially more than is available in the UHF band today, even if other advances (such as new compression technology) are also introduced.

Trends in TV viewing

As discussed in the previous section, video viewing, including viewing of live TV and catch-up TV while in the home or on the move, is a growing application area for mobile smartphones and tablets. This provides a complement to more traditional forms of TV viewing, but raises questions as to whether future shifts in viewing patterns might result in a move away from traditional TV viewing in favour of streaming TV to mobile devices, or a greater use of catch-up services. The BBC has embraced mobile technology, and a mobile version of the BBC’s iPlayer website is available. As part of its coverage of the London Olympic Games, the BBC adopted a multi-device strategy, which included options to view the Olympic Games on conventional TVs, connected TVs (i.e. internet-based), smartphones or tablets. An Android and Apple iOS application for mobile viewing was developed, and new versions of the BBC Sports website were also available.

At present, watching streamed TV over a mobile device relies on the use of 3G networks, which have somewhat limited capacity for video applications. Investment in LTE and LTE-Advanced, however, is expected to improve the user experience for live TV viewing. The LTE standard will also offer an enhanced Multimedia Broadcast/Multicast Service (MBMS) mode of operation, which is designed to carry multi-cast traffic such as streamed broadcast TV. Video services will also account for a significant proportion of future mobile traffic according to some published forecasts – for example, the Cisco Visual Networking Index forecast in 2011 that by 2016 over 70% of total mobile data traffic will be generated by mobile video.
 

Long-term demand for DTT

In the longer term, and with these developments in mind, there is an inevitable question as to whether there will continue to be high demand for DTT in the UK, or whether users will increasingly migrate towards using IPTV over fibre networks, or viewing linear TV over future mobile networks. In this case, demands for additional spectrum to support additional HD channels within the DTT platform may decline.

UK Government policy with respect to public service broadcasting will have a key influence on how DTT services develop in the longer term. PSBs such as the BBC are obliged to deliver content to a wide proportion of the UK – the BBC, for example, is obliged to deliver services to 98.5% of UK households. Therefore, any loss – or addition – to spectrum used for DTT needs to be carefully planned within the Freeview network in order to ensure that current PSB obligations continue to be met.

Assuming that DTT remains a key platform for the delivery of PSB content for the foreseeable future, the question then comes down to the number of TV channels required – not just to meet PSB requirements but also to enable the DTT platform to remain sufficiently attractive to viewers that it remains commercially sustainable as a platform for PSB services and sustains consumer choice in TV content, platforms and equipment. This will drive the number of multiplexes required, and therefore the amount of spectrum that DTT needs.

Trends in digital radio

Digital radio is currently broadcast using the DAB standard, but the move from analogue to digital radio has been somewhat slower than anticipated, and key challenges need to be resolved before the UK radio industry would be in a position to switch off analogue radio networks. Particular challenges are to ensure that DAB coverage matches that of analogue radio, and to ensure that local radio stations – which form an integral part of radio broadcasting in the UK – have access to the digital platform. The UK Government has yet to commit to a date for FM radio switch-off, although it has stated an aspiration to do this once issues relating to coverage and local radio are resolved. In this regard, the Government published a Digital Radio Action Plan (DRAP) in 2010, the purpose of which was “to provide the information to allow for a well-informed decision by Government on whether to proceed with a radio switchover”. A digital radio coverage and spectrum planning group, chaired by Ofcom, was established to determine the current level of FM coverage and develop a range of options to increase DAB coverage to match FM. Ofcom has subsequently reported on possible approaches to DAB coverage, which is still being considered by the Government.

The quality and reception of digital radio broadcasts would be improved if the UK switched from DAB to the more recent DAB+ standard, which offers better-quality audio and stronger error correction (leading to improved reception in areas of low signal strength). However, radios manufactured to the original DAB standard cannot receive DAB+ broadcasts, while more recent sets may need a firmware upgrade to do so. A move to DAB+ at this stage may therefore be unpopular since it would mean that many listeners who have invested in a digital radio would need to replace it.

Implications for spectrum usage

In the UK, DTT is broadcast using the digital video broadcasting standard DVB-T. Following analogue switch-off, DTT in the UK will use the 470–550MHz and 614–790MHz portions of the UHF band, totalling 164MHz of bandwidth. In addition, it is possible that DTT will also use the 600MHz band (550–606MHz), following Ofcom’s recent consultation on future use of the 700MHz band, which considered clearing the 700MHz band (of DTT use) and awarding it for mobile, alongside a move for DTT into the 600MHz band. The DVB-T standard offers various alternative coding and modulation schemes, depending on performance and capacity requirements. The UK system is a 64QAM, 2/3 coded implementation, operating in selected channels in UHF Bands IV and V. The current UK system provides capacity for six national multiplexes, each of which can carry multiple programmes.
 One of the digital TV multiplexes has been upgraded to the next generation of the DTT standard, DVB-T2, which provides additional capacity enabling it to deliver new services such as HD programmes.

More multiplexes could be upgraded to DVB-T2 to increase the amount of capacity further (or alternatively, to reduce the amount of spectrum required to deliver the current bouquet of DTT channels). This would, however, result in viewers without a DVB-T2 receiver (essentially those with an HD receiver) having access to fewer channels than they do today. Although Ofcom’s latest Communications Market Report estimates that 70% of adults now live in a household with an HD or HD-compatible TV set, not all of these receivers will be DVB-T2 capable (since HD-compatible DVB-T receivers have been sold in the UK for a number of years). Those without DVB-T2 sets, along with the remaining 30% who do not have an HD-compatible TV currently would almost certainly object to a measure that required them to buy new equipment at this stage – i.e. so soon after the completion of digital switchover – to receive a similar number of channels. To overcome the fact that there is less spectrum available in the 600MHz band than in the proposed 700MHz public mobile band and to minimise the need for future technology changes, it would make sense for DTT in the 600MHz band to use the DVB-T2 standard from the outset. However, since the 600MHz band will be clear after digital switchover and the 700MHz band is not immediately required to provide additional mobile capacity, it may be possible to smooth the transition by using both bands on a temporary basis to broadcast channels simultaneously using the DVB-T and DVB-T2 standards. Ofcom is currently considering options for the future use of the 600MHz band.
Owing to international band planning and the design of TV receiver equipment (including antennas), the frequencies used by digital radio and TV broadcasting cover a small number of specific bands – namely VHF Band III (used in the UK for DAB) and UHF Bands IV and V (used for DTT). It seems unlikely that UK DTT networks can use spectrum other than UHF Bands IV and V in the foreseeable future, as a result of the international harmonisation of that band for DTT and the fact that DTT households in the UK own UHF (rather than VHF) aerials). A very small number of countries, such as Finland, are using VHF Band III for DTT, but this is not possible in the UK since VHF Band III is used for DAB, and UK aerials are UHF.

9.3.2 International spectrum developments 

Possibly the key development that may take place in relation to DTT spectrum is a future move to the use of single-frequency networks (SFNs) rather than the current multiple-frequency networks (MFNs) that are used in the UK and in many other European countries. In an SFN, one 8MHz DTT channel is used to provide one multiplex, either regionally (regional SFN) or nationally (national SFN), whereas in an MFN several (typically up to six) 8MHz channels are used to provide one multiplex (i.e. the multiplex is broadcast using different frequency channels from different sites across the country). An SFN makes more efficient use of spectrum than an MFN. However, it requires the same frequency to be available across a region, or a country, which is difficult to achieve due to frequency co-ordination requirements in border areas with other countries. Therefore, the UK deployment of DTT uses an MFN configuration. 

A move to national SFNs across Europe is likely to be highly complex to achieve. This is because frequencies used for DTT are planned across Europe and beyond (spanning the entire ITU Region 1) in accordance with the ITU’s Geneva-06 plan (GE-06). Very wide geographical planning of DTT frequencies is necessary to manage cross-border interference, since the characteristics of broadcasting networks (i.e. high powers and high towers) mean that signals from one country can easily stray into another. The GE-06 plan was designed to provide all countries in ITU Region 1 with an equitable number of UHF frequency blocks for DTT deployment, whilst also co-ordinating frequency use in border areas. Co-ordination of interference in border areas is one reason why most European countries have deployed DTT using MFN configurations, as noted above, since the same frequency is not always available across an entire country, making SFNs impractical. A move to SFN use across Europe would therefore require re-planning of DTT frequencies across the entire region, to ensure the same equitable division, and co-ordination in border areas. 

Careful re-planning of broadcasting services would also be required to ensure that networks using SFNs can provide the same levels of coverage as those using MFNs – particularly noting the high levels of coverage required from PSB multiplexes in the UK and other countries. Certain solutions such as coverage in-fill might help to fill any coverage gaps, although these are not practical in all cases.

From the DAB perspective, it was originally envisaged that DAB might use other frequencies as well as VHF Band III – specifically the L band (1452–1492MHz) in Europe. However, L-band DAB has not taken off across Europe, and Ofcom auctioned this spectrum in 2006, awarding it to Qualcomm. Although it is unlikely that DAB will use spectrum other than VHF Band III, there are various technology upgrades being developed within the DAB standard which could be rolled out in the UK in future, depending on decisions that the Government takes in relation to future digital radio developments:

DAB+ is based on the original DAB standard but uses a more efficient audio codec
DAB-over-IP (DAB-IP) is an enhancement of the DAB platform that makes the technology capable of broadcasting TV and other multimedia applications to mobile devices over an IP bearer
· DMB is a video and multimedia technology based on DAB.

9.4 Future developments in the use of licence-exempt spectrum

9.4.1 Market, technology and consumer trends

As described earlier in this report, Wi-Fi offloading is part of an evolving picture of growing levels of mobile traffic and changing network architecture and pricing, and is changing the way that licence-exempt spectrum is being used. Spectrum in the 2.4GHz band is now increasingly being used to accommodate mobile subscribers who are paying for a mobile broadband service. This has many implications, but notably it emphasises the need for quality of service to be provided, which presents challenges when there are an unknown number of users and devices sharing the same spectrum at a given time in given area. Operational challenges associated with active Wi-Fi offloading are a significant factor constraining wider adoption of this technique by mobile operators. These challenges include access to suitable sites for Wi-Fi access points, access to backhaul, and managing authentication and roaming across multiple Wi-Fi hotspots. However, recent developments suggest that Wi-Fi is becoming an increasingly integral network component for a number of operators around the world. For example: 

· AT&T and the WISPr protocol: AT&T Apple iPhones and Windows Phone 7 handsets have WISPr protocol support. This protocol allows handsets to automatically switch from cellular data to AT&T’s Wi-Fi hotspots when they are available (notably, however, the Wi-Fi Alliance has abandoned support for this particular protocol).

· Deutsche Telekom and iPass: Deutsche Telekom views Wi-Fi as ‘a re-emerging technology’. In partnership with iPass, it has launched ‘Wi-Fi Mobilize’ which is a solution that incorporates a software client on user terminals to act as a smart agent for connection management and network selection. 

· Republic Wireless (USA): This is a new hybrid network that lets users seamlessly make calls using any available Wi-Fi hotspot, falling back to the standard mobile network when the user moves out of Wi-Fi range. The company estimates that most people are near a Wi-Fi network 60% of the time. 

· iPass OMX: iPass has activated Open Mobile Exchange (OMX), which claims seamless ‘zero-click’ authentication and ‘roaming’.

O2, BT and Sky are three of the largest commercial players active in the Wi-Fi hotspot market in the UK at present:

· O2/Telefónica UK announced the launch of a new network in 2011, called ‘O2 Wi-Fi’. O2 aims to have 14 000 hotspots throughout the UK by 2013, and claims that the service will be free to all O2 customers. In October 2011, the company announced plans to hold a VoIP trial that allows smartphone users to use voice and text services over Wi-Fi networks. O2 is the only mobile operator in the UK to have announced plans to deploy its own Wi-Fi network.
· BT offers its own Wi-Fi service, BT Openzone. The subscription service gives users access to hotspots operated by BT and those owned by partner providers. The company also operates the BT FON service, through which BT Wi-Fi broadband customers share their home broadband with other subscribers. BT operates outdoor hotspots in major cities, but also provides indoor installation and service management services to retail businesses. It claims there were more than 2.5 million hotspots in operation by the end of 2011.

· BSkyB operates about 20 000 hotspots in the UK, achieving this through acquisition of The Cloud, which has deals with a number of chain retail outlets. BSkyB is now using Wi-Fi to offer high-quality mobile streaming video services to its subscribers.

Whilst active Wi-Fi offloading is a cost-effective delivery mechanism for operators, use of this technique in the UK has been quite limited to date. O2 has launched its own Wi-Fi service, but we understand that other UK operators use capacity on the BT Openzone service, through commercial arrangements with BT. BT Openzone is responsible for managing a network of public hotspots, and also has commercial agreements with various premises owners (e.g. Starbucks, which offers wireless internet access in its coffee shops, a service originally provided by T-Mobile before BT Openzone took over the service).

‘Carrier grade Wi-Fi’ is a term often associated with improvements to Wi-Fi hotspot services. This implies that the user experience needs to come close to the experience achieved on cellular networks, which is currently not the case. As a result, improving quality of service and achieving quality of service differentiation both feature heavily as objectives in the roadmap for existing Wi-Fi standards. Developments are likely to include implementation of the ‘Passpoint’
 framework, and the Access Network Discovery and Selection Function (ANDSF) which can be implemented by mobile operators when rolling out the evolved packet core (EPC) network for LTE. Another possible development is using higher-frequency, less congested licence-exempt spectrum; in this regard it is noted that the 5GHz band is currently under-utilised relative to the 2.4GHz band. It is also worth noting that 3.6GHz spectrum has recently been incorporated into the Wi-Fi standard, though so far this band is only available for use in the USA and on a lightly licensed, as opposed to licence-exempt, basis. In the longer term, it is also possible that cognitive radio will create new functionality for Wi-Fi devices, sometimes referred to by the industry as ‘super Wi-Fi’.

Another growth area within licence-exempt spectrum is M2M communications. M2M connections in the energy/utility sector in particular – for smart meters and smart grids
 – are forecast to grow at a 50% CAGR over the next decade, reaching 1.3 billion connections worldwide by 2021.
 Growth is being spurred by the need of energy and utility companies to respond to regulatory and legislative changes, as well as the need to access more granular demand- and supply-side data in near-real time, reduce their capital and operating costs, and increase service offerings. 
The RFID market is also expected to grow rapidly: IDTechEx estimates that the CAGR will be more than 13% over the next decade, meaning a near four-fold increase in the size of the global market over that period from USD7.5 billion (£5.1 billion) in 2012 to USD26.2 billion (£16.8 billion) in 2022.

In future, it is possible that technology for licence-exempt spectrum will become more dynamic, if there is further development of technologies such as cognitive radio – which can dynamically detect available channels and configure its host device appropriately to use them. However, although the wireless industry is advancing the use of software-defined radios, which are seen as a stepping stone towards cognitive radio, the achievement of fully cognitive radio is still thought to be some years away. 

9.4.2 International spectrum developments

Licence-exempt spectrum is available for anyone with compliant equipment to use. The relevant equipment compliance conditions are established by Ofcom for use of licence-exempt spectrum in the UK, but Ofcom bases its licence exemption upon European, and increasingly global, equipment standards. Because licence-exempt equipment is not subject to individual spectrum licensing, and because such equipment is often quite portable, it can be carried between countries, and so without a co-ordinated framework of licence-exempt spectrum availability across different world regions, interference could arise. In the UK and across mainland Europe, some of the most widely used licence-exempt spectrum bands are at 433MHz, 863–870MHz, 2400–2483.5MHz and 5725–5875MHz.
 Many of these bands are used around the world in a similar way – the 2.4GHz band, for example, is available internationally for use by systems including Wi-Fi and Bluetooth.

The international success of Wi-Fi and the emergence of new uses of Wi-Fi such as mobile data offload suggest that 2.4GHz spectrum may become increasingly congested in future. The Wi-Fi standard also operates in other spectrum internationally (i.e. the IEEE802.11a standard operates in the 5–6GHz range), but the 2.4GHz band is more popular, due to wider availability of equipment, and slightly better range. It is quite possible that there may be a need to identify further spectrum for Wi-Fi use in future. Finding further Wi-Fi spectrum would undoubtedly require extensive international co-operation, since the Wi-Fi standard is used globally. Another development of Wi-Fi technology might be the possible future use of white space within UHF or other spectrum. The availability of white-space spectrum will vary between countries, but it is possible that global standards could develop for using white space within a particular band (e.g. UHF), and the conditions for access. At present, both the USA and UK regulators are favouring geo-location databases to manage access to white-space spectrum in the UHF band. Trials into the effectiveness of this are underway in the UK. 

9.5 Future developments in other key uses of spectrum

9.5.1 Microwave links

As noted previously, fixed microwave links can be deployed across a wide range of frequencies, and whilst the ideal frequency will depend on the exact requirement that is being met, some bands experience much higher demand than others due to their transmission characteristics and the availability of equipment. Historically, the lower-frequency bands (below 7GHz) have tended to be more popular because of longer transmission distances; however, in recent years demand in these bands has declined as a result of migration to fibre. Higher-frequency bands are popular for high-capacity, shorter-length links and, as described previously, there is increasing interest in use of bands such as the 60GHz band, which is available on a licence-exempt basis in the UK, for very short, very-high-capacity gigabit wireless links.

To limit congestion in the lower-frequency bands used for microwave links, fixed-link services in the sub-15GHz bands were one of the first service categories to which the Radiocommunications Agency, Ofcom’s predecessor, applied AIP. We understand that demand is now greater in higher bands (23GHz, 26GHz and 38GHz). Congestion, while still possible in these higher-frequency bands, is less of a problem than in the lower bands, due to higher re-use factors. There is relatively little written about future demand for microwave links and fixed-link spectrum. Ofcom commissioned a report in 2011 called ‘Frequency Band Review for Fixed Wireless Service’, authored by Aegis, Ovum and dB Spectrum Services,
 which provides some insight into how future demand might develop, by considering the underlying drivers of demand from different industry sectors and considering how different models of service evolution would affect the overall demand/supply balance. The report suggests that the bands above 20GHz together with the 1.4GHz band are unlikely to become congested but there is less certainty regarding the situation in the bands between 3GHz and 20GHz.

Analysys Mason Research has undertaken research into provision of mobile backhaul,
 concluding that:

40% of macro-cell base stations in most major cities are located close to fibre networks that can be used for backhaul
fibre has the advantage over wireless of having negligible operating costs (although upfront costs are higher)
fixed links are useful to bridge the gap between cellular base stations and the nearest fibre point, particularly where longer-distance backhaul is required (typical in rural areas, for example)
· use of copper (e.g. VDSL2) is an alternative means of bridging the gap, but availability can be limited, and the quality of the copper connection is often poor in rural areas.

This suggests that fixed links will continue to provide a suitable backhaul solution where there is a need to bridge the gap between a cellular base station and the nearest fibre point, particularly in areas where bridging the gap is challenging using other solutions (e.g. in rural areas). It is noted that the length of link needed to bridge the gap to the nearest fibre point in an urban area is typically very short – 1km or less. This is the sort of distance that can be covered by emerging gigabit wireless solutions using the licence-exempt 60GHz band, for example. 

9.5.2 Satellite

The principal trend in satellite communications is an expansion into higher-frequency spectrum bands, brought about by a shortage of capacity in the lower-frequency bands. This trend is clearly evident in rural broadband, where Avanti and Eutelsat’s new services are both based on Ka-band capacity. Besides the fact that there is more spectrum available in the Ka band than in the Ku band, it is easier to build a Ka-band satellite with a large number of small spotbeams, allowing greater geographical re-use. The move to Ka band has allowed both Avanti and Eutelsat to offer consumer products with top speeds of 10–12Mbit/s; Eutelsat’s forthcoming professional service is expected to offer speeds of up to 40Mbit/s. The next generation of Ka‑band satellites is expected to offer a further improvement in capacity without much associated increase in cost. We therefore believe that by 2020 it should be possible to achieve the EC’s Digital Agenda for Europe target of providing ubiquitous 30Mbit/s broadband coverage using satellite, although no one has yet announced plans to procure such a satellite.

Inmarsat is also in the process of procuring three Ka-band satellites for its new Global Xpress platform which is intended to provide next-generation broadband coverage for professional maritime, aeronautical and land-based users worldwide, starting in 2013. Among the other big satellite operators with a European presence, Intelsat has recently ordered two high-throughput satellites with a combination of C-, Ku- and Ka-band capacity (one of which is intended to provide European coverage from 2016 onwards). Although SES has not ordered any dedicated Ka-band satellites of its own, it is procuring Ka-band payloads for Astra 2F (to be launched in 4Q 2012) and 2E (to be launched in 2Q 2013) which will be placed in the orbital location currently used to serve the UK (28.2 degrees East), although it is not yet clear whether the Ka‑band spotbeams will be deployed over the UK.

Interest is starting to grow in the potential future use of the Q band (from 30–50GHz) and the V band (50–75GHz) for satellite applications, particularly the provision of feeder links to satellites.
 The use of higher frequencies for feeder links would free up more low-frequency spectrum to provide services to end users. There are, however, a number of technical challenges to be overcome before Q- and V-band technology can be brought into commercial use.

One area of satellite communications that will be very difficult to migrate to higher frequency bands in the UK is the DTH market. This is due to the very large installed base of Ku-band terminals (BSkyB now has over 10 million customers in the UK), all of which would need to be replaced if a different band were to be used. While it is true that BSkyB has already funded one complete satellite technology refresh when it moved from analogue to digital transmission, the savings that result from this move (which allowed a single transponder to carry up to around ten digital channels instead of one analogue channel) were much greater than those which might be achieved from a move to the Ka band, and the transition took place at a time when BSkyB had a much smaller installed base.

As noted earlier in the report, another important future use of satellite spectrum will be to support Galileo, the European global navigation system. Galileo will function in a similar way to GPS, the existing US system, but will be under civilian (as opposed to military) control. It is envisaged that most Galileo receivers will pick up GPS signals as well, and by combining them it will be possible to determine positions to within a few centimetres. Having access to two constellations of navigation satellites should also improve the availability of the signals in high-rise cities, where buildings can obstruct signals from satellites that are low on the horizon. Galileo will also provide better coverage at high latitudes than GPS, due to the location and inclination of the satellites. 

The first two Galileo satellites were launched in October 2011 and two more satellites were launched in October 2012. The system is currently undergoing in-orbit validation. Assuming that this is completed successfully, additional satellites will be launched in batches, enabling a commercial service to be started around 2015. Full completion of the 30 satellite Galileo system (27 operational plus 3 active spares) is expected by 2019.
9.5.3 PMSE
The PMSE sector, although a relatively small user of radio spectrum compared to the major sectors of use described above, nevertheless relies on access to suitable radio spectrum to perform a variety of functions supporting entertainment, news, sports and other productions made in the UK. As noted previously, some growth in the use of spectrum for PMSE over the coming years is expected. However, there are also various moves within the industry to develop new technologies and ways of working, which may also have an impact on PMSE spectrum use in the future: 

· As noted previously, the move from analogue to digital has been relatively gradual for PMSE audio and video links, and there is a mixture of both technologies in use today. The move has been slower for wireless microphones because of latency issues arising from processing delays in the digital devices. However, vendors such as Qualcomm have announced digital wireless microphone chips that are claimed to provide good sound quality within existing 200kHz channels, with similar latency to analogue systems.

· To date there has been a very limited adoption of digital wireless microphones, although it is expected that there will be a wider adoption of digital UHF wireless microphones over the next decade. This could in theory allow more microphones to be used per channel (eight per channel being a typical benchmark for analogue microphones at present). However, there is an impact on latency, robustness to interference and audio quality, and it is understood that there is some resistance from users to moving to digital technologies until such time as new systems have been operationally tested and verified.

· There is now a more widespread use of higher-frequency wireless cameras (e.g. 7.5GHz) than in previous years, particularly since frequencies below 3GHz are becoming increasingly scarce. However, frequencies beyond 3GHz do not lend themselves as well to non-line-of-sight propagation compared to bands below 3GHz, and can cause operational difficulties in some cases. For example, higher frequencies (e.g. in the 5–6GHz range) can be used for portable wireless cameras, but are difficult to use for high-speed operation (e.g. racing cars, helicopters), since Doppler shift becomes an increasing issue as frequency increases.
 
· Most wireless cameras now use HD technology, and major sports events are increasingly reliant on HD coverage. Some broadcasters (e.g. BSkyB) have started using 3D for sports events, and BBC Sports is understood to be entering into trials of 3D. A 3D camera typically requires two 10MHz channels (involving two pictures captured from two cameras). However, equipment suppliers are also working on optimising 3D use, using better encoding to fit within the existing 10MHz channels.

9.5.4 Private mobile radio

Despite the growth of cellular networks, we expect to see continuing demand for PMR systems in the UK for the reasons discussed in Section 7.3. Overall, demand as measured by the number of licences appears to be relatively static and previous work commissioned by Ofcom has indicated that, in the majority of areas within the UK, demand for PMR spectrum is less than the total available.
 We believe that the application of AIP to PMR is an important factor for managing current levels of demand in the most popular PMR bands. 

The PMR sector in general has been somewhat slow to move to using digital technology, with the exception of large user communities such as the emergency services – which have migrated to using digital PMR solutions in the form of Airwave’s TETRA system. Analogue PMR systems are generally based upon the UK MPT1327 standard, and many of these systems still operate today – for example, London Buses uses an MPT1327 solution. Smaller users, for whom TETRA is not a suitable solution, are migrating to using digital mobile radio (DMR) solutions, which is an ETSI standard for narrowband PMR applications, typically using 12.5kHz channels (which is the same channel width as used by analogue PMR). 

For the emergency services, PMR is a critical tool for day-to-day operation and thus the preservation of life, prevention of crime, response to major incidents and the many other functions that the police, fire and ambulance services carry out. There is currently an un-met demand from the emergency services for additional spectrum for broadband PMR-type mobile communications, which is being studied at present within Europe. It is likely that LTE may be the technology used to deliver next-generation mobile broadband services to emergency services, following the lead established in the USA. However, the current LTE standard does not support all of the features required by the emergency services, such as group calling, priority access and encryption.

A study is underway within 3GPP to consider the addition of PMR-type functionalities to LTE. However, there is currently no suitable spectrum available in the UK to deliver LTE-based emergency service networks. A study is underway within CEPT to consider this, and we understand that Ofcom is participating. LTE can be deployed as either a public or a private network. A private LTE network would require specific, dedicated spectrum for its deployment, whereas public LTE networks would use the spectrum available to the mobile operators, which is likely to include the spectrum in the 800MHz and 2.6GHz bands that Ofcom is expected to auction. 

It is also possible that other PMR users – such as prison services and utilities, for example – may also have similar requirements for broadband PMR-type mobile communications. 

There may also be growing demand from the UK railways (i.e. Network Rail) for additional spectrum adjacent to the current GSM Railways (GSM-R) band (876–880MHz and 921–925MHz). GSM-R is a private system developed to carry signalling traffic from trains to tracks across the UK. Similar systems are deployed in a number of European countries. The spectrum adjacent to the current GSM-R bands (at 872–876MHz and 917–921MHz) is currently unused in the UK and most of Europe, while in the UK the MOD currently holds the spectrum at 870–872MHz and 915–917MHz. However, there is also interest in this spectrum being used for specific low-power radio applications such as smart metering and smart grids, and work is taking place at the European level which may result in a proposed recommendation to make the 870–876MHz and 915–921MHz bands licence-exempt. In 2006, Ofcom published a consultation document on future use of the spectrum adjacent to the current GSM-R bands,
 but a final decision on its use has not been taken.

9.6 Changing models for spectrum allocation and assignment
As described in the previous sections, wireless technology is becoming increasingly pervasive in our daily lives, and the pace of new technology development is becoming increasingly rapid. This presents challenges to ensure that spectrum to support new and innovative uses of wireless communications can be made available in a timely way. Historically, in the UK (and elsewhere), spectrum has tended to be licensed either to one user on an exclusive basis or, or to an unlimited number of users on a licence-exempt basis. Exclusive licences are typically issued for a particular sector (e.g. ‘Aeronautical’) and class of use (e.g. ‘Aeronautical Ground Station (General Aviation)’) whereas licence-exempt use is indefinite in nature and applies to a particular type of equipment (or multiple types meeting a set of technical criteria) regardless of the purpose for which the equipment is used.
The Spectrum Framework Review sets out Ofcom’s overall strategy for the management of spectrum through a market-based approach involving spectrum auctions, trading of licences and spectrum liberalisation. It suggests that a spectrum use should be licence-exempt if the value that is expected to be derived from it is predicted to be greater than if it were licensed. It also notes that where harmful interference is unlikely (e.g. where the demand for spectrum in a given frequency band is less than the supply), then licensing may present an unnecessary overhead, and a licence-exempt model may be more appropriate.
Where the above conditions do not apply and spectrum is licensed on an exclusive basis, there are three main assignment mechanisms in use in the UK:
· Direct award – this is typically used where international or UK political considerations require the spectrum to be used for a particular purpose. Examples include the PSB1 DTT multiplex (which the Government determined should be awarded to the BBC) and the GSM-R spectrum (which is harmonised across Europe and which the Government determined should be awarded to Railtrack, the predecessor organisation to Network Rail). In principle, AIP can be applied to ensure that directly awarded spectrum is still used efficiently, although it is not currently applied to all directly awarded spectrum
· First come, first served – this approach is typically used for local and regional awards where the assignment is carried out by Ofcom. Examples include the fixed-link bands (which are still allocated by Ofcom) and PMR spectrum. Again, AIP can be applied to ensure efficient use and to limit excess demand
· Spectrum auction – this is now the preferred approach for awarding many types of spectrum in the UK, most notably spectrum for public mobile. There are many different ways in which a spectrum auction can be designed, and a detailed discussion of their relative merits is beyond the scope of this report. The key advantage of the auction approach is that it encourages economic efficiency (particularly if secondary trading is also permitted) by allowing the market to decide who uses spectrum and for what purpose. The potential disadvantage of the approach is that it can lead to reduced levels of competition if some participants in the auction have greater financial resources than others. Recognising this concern, Ofcom has gone to considerable lengths to design the forthcoming 4G auction in a way which supports the continued existence of four infrastructure-based players in the UK mobile market.
Ofcom has implemented secondary spectrum trading as a means of enabling spectrum transfers to take place between different users, potentially enabling a more rapid change in use of a particular band than if the band was to be re-allocated and re-assigned by the regulator. Until recently there appeared to be little interest in secondary trading among spectrum holders in the UK, but a major trade took place in August 2012 when Everything Everywhere sold 2×15MHz of 1800MHz spectrum to H3G. Although divestment of this particular spectrum was a condition imposed by the EC for its approval of the Orange and T-Mobile merger in 2010, it does demonstrate that spectrum trading is possible and may encourage further trades in the future.
Increasingly regulators are recognising that spectrum management needs to become even more dynamic, with a view to meeting rapidly changing needs, as well as making better use of spectrum that may only be lightly used at present. This may require further evolution of the UK spectrum management framework.
The EC has previously studied the idea of spectrum commons, which refers to collective use of spectrum, similar to licence-exempt spectrum, as a way of making spectrum access more dynamic. More recently the EC has proposed a new model called licensed shared access (LSA), which refers to sharing among a limited number of licensed spectrum users (rather than an unlimited number, which is the case with licence-exempt use or spectrum commons). Under the EC’s LSA proposals, in bands where spectrum has been awarded exclusively but is not fully used, the initial licensed user of spectrum could be encouraged to share spectrum with one or several new users for the same, or different, applications. Sharing would take place in accordance with a pre-defined set of conditions. LSA sharing conditions could be either ‘static’ or ‘dynamic’ – with the latter requiring some form of controlling system (e.g. a geo-location database) to provide updates to usage conditions, and establish the frequencies that can be re-used in a given area. 

Other variations on this model have also emerged. Vendors such as Nokia and Qualcomm have proposed authorised shared access (ASA). ASA is a form of frequency leasing (e.g. time-limited trading), and was initially proposed as means of enabling public-sector spectrum holders to offer spectrum sharing to the commercial sector for a defined period. These sharing models are important policy developments which, along with technology innovation, should enable spectrum use to become increasingly dynamic in future.

New technologies that use spectrum co-operatively through situational awareness are key areas of ongoing research in the wireless sector, since the development of situation-aware technologies should enable multiple users to share spectrum more efficiently without interference. However, industry estimates are that fully cognitive radios for commercial use are still a long-term prospect (although there are more favourable developments within the military sector, where situation-aware radios can offer key operational benefits).

In the short term, use of TV white spaces is emerging as the first step along the path towards the introduction of technologies that use spectrum co-operatively. In the case of TV white spaces, devices are being developed that will be able to operate in spectrum alongside TV transmissions. However, avoidance of interference to TV reception is most likely to be achieved in the short term through devices connecting to centralised geo-location databases, rather than sensing other users. Databases will be used to tell the devices what white space exists in a given area. Whilst at present this development is largely focused on the TV bands (i.e. UHF spectrum) there is the prospect of similar multi-user sharing models being applied in other spectrum bands, including bands used by the public sector. In the longer term, further technology innovation may lead to situation awareness being embodied within devices, leading to the prospect of fully dynamic sharing. 
9.7 Implications for future use of spectrum and associated value in the UK

The developments described in this section suggest the following priorities in terms of maximising the value from spectrum use in the future:

· There is a recognised need for additional spectrum to be identified for mobile broadband services. The requirements are being actively studied within the ITU-R in preparation for WRC-15. The candidate bands that emerge from this ITU-R study will shape the decisions made at WRC-15 regarding future mobile allocations. So far, the main candidate bands that are emerging in the European context are the 700MHz band (available in other parts of the world but used for DTT in Europe), spectrum in the L band, spectrum around 2GHz currently allocated for mobile satellite use, 2.7–2.9GHz and 
3.4–3.8GHz

· Of particular relevance in the context of planning for the Government’s 500MHz spectrum release are the latter two candidate bands (2.7–2.9GHz and 3.4–3.8GHz) – the former is used by the Civil Aviation Authority and was referred to as a possible band for study in DCMS’s consultation in 2010, and the latter is partly managed by the MOD (3.4–3.6GHz) and partly by Ofcom (3.6–3.8GHz). The MOD is already planning to release spectrum in the 3.4–3.6GHz range 

· A portion of the 3.6–3.8GHz band has already been auctioned by Ofcom for broadband fixed wireless access use. Other candidate bands identified by the mobile industry have also been allocated for other commercial uses (e.g. satellite or DTT), and would therefore require re-allocation from their existing uses. It is unlikely that the additional need for mobile broadband spectrum in the UK can be fully met from the public sector’s spectrum alone, given that global trends may suggest that other bands (e.g. 700MHz and the L band) are more suitable. It is also noted that the part of the L band that the industry is considering (1452–1492MHz) is adjacent to MOD spectrum (1425–1452MHz), and use of this MOD spectrum on a shared basis, in conjunction with the identified portion of the L band above 1452MHz, would double the bandwidth potentially available for future mobile use in that band

· Wi-Fi offloading is part of an evolving picture of growing levels of mobile traffic and changing network architecture and pricing, and is changing the way that licence-exempt spectrum is being used. Licence-exempt spectrum such as the 2.4GHz band is now increasingly being used to accommodate mobile subscribers who are paying for a mobile broadband service. This has many implications, but notably it emphasises the need for quality of service to be provided, and a possible need for additional Wi-Fi spectrum to be identified in the future

· A key growth area of M2M use is smart meters, forming part of a smarter utilities grid. This is being driven by EU legislation, which has set a target to install smart meters to at least 80% of European households by 2020. This legislation is being implemented in the UK by the Department of Energy and Climate Change (DECC), which is managing the UK’s smart meter and grid policy development. There is no single candidate band for smart meter use in the UK, since smart metering could be provided using a range of technologies, including 2G/3G mobile, Weightless (UHF white-space radio), and a range of existing low-power, SRD technologies

· In the TV broadcasting sector, a move towards DVB-T2 to provide additional HD capacity is envisaged at some point, but not until the proportion of the population with access to a DVB‑T2 receiver is considerably higher than the current figure of 70%. TV viewing is no longer restricted to just TV sets, and streamed TV is increasingly being viewed via connected TV sets (over the internet), on smartphones and on tablet devices. In the longer term, it is questionable whether there will continue to be a high demand for DTT, or whether other platforms (cable, satellite, fibre and mobile) may increasingly dominate, but we believe that high demand for DTT will continue beyond 2020
· In the radio broadcasting sector, an upgrade from DAB to DAB+ would be desirable on technical grounds, but raises similar issues of equipment compatibility
· The principal trend in satellite communications is a move to higher-frequency spectrum bands, brought about by a shortage of capacity in the lower frequency bands
· For PMSE there is also a trend towards use of higher frequency bands, and a more widespread use of bands such as 6–7GHz for wireless cameras. This is particularly because frequencies below 3GHz are becoming increasingly scarce. However, frequencies beyond 3GHz do not lend themselves as well to non-line-of-sight propagation compared to bands below 3GHz, which can cause operational difficulties in some cases

· Within the PMR sector, the main trend is a need among larger PMR users (e.g. utilities, transport authorities and emergency services) to have access to mobile broadband services. The emergency services in particular have a need for a mobile broadband solution. International trends suggest LTE will be the technology used to deliver future emergency services applications, but LTE can be deployed as either a public or a private network. If deployed as a private network, the emergency services will need access to suitable spectrum to achieve this
· Making better use of spectrum by re-using under-utilised portions of bands (e.g. UHF white space), or through sharing, is an important area of development taking place across Europe. The potential to share spectrum should not be overlooked when considering the strategy for releasing 500MHz of spectrum from the public sector (noting that the MOD is already offering a number of its bands for shared use).
10 Conclusions and recommendations

In this report we have demonstrated that the impact of radio spectrum on the UK economy is significant: we have estimated that the total direct economic welfare from the use of radio spectrum is £52–56 billion, and that key sectors of the wireless industry generate revenue totalling £37.3 billion and contribute 117 500 jobs. These estimates are based on (a) the direct economic welfare (defined as consumer and producer surplus) generated from six major sectors of wireless use: public mobile, Wi-Fi, TV and radio broadcasting, microwave links and PMR; and (b) the revenue and jobs created by the two largest categories of spectrum use (public mobile and broadcasting).
The majority of economic welfare (around 60%) is generated by one sector of wireless use, the public mobile sector. The public mobile sector’s contribution to economic welfare in 2011 is 16–32% higher than in 2006, when Ofcom commissioned the previous economic impact study. The key driver for this increase in contribution is the significant increase in consumption of mobile broadband services, and the increasing importance of mobile data services over voice. The second biggest sector is broadcasting (TV and radio combined), which contributed around 21% of economic welfare in 2011, an increase of 79% from 2006. The key driver for the increase in economic welfare in the broadcasting sector is the fact that TV broadcasting has evolved between 2006 and now to become an all-digital platform, offering more channels and HD content, and this has led to an increasing number of households having DTT as their primary digital TV source, and increasing producer surplus from satellite DTH pay TV.

In addition to these major sectors of spectrum use, the report has also demonstrated that there is a diverse range of other users of radio spectrum that generate important social, public policy and security contributions to UK society, but that are hard to capture in economic welfare terms – these include PMSE, air, sea and land transport, emergency services, defence, meteorological services and science services. Therefore, radio spectrum does not just have an impact on the UK economy, but also benefits many day-to-day activities that we often take for granted.
We have also analysed factors that will have an impact on future demand for spectrum, and considered how future allocation decisions might affect the value created from spectrum use. Based on this we have identified a series of key trends that we expect to have an impact on future spectrum use and demand. These trends should be taken into account when the Government and Ofcom make decisions in relation to future spectrum allocation in the UK:

· Market, technical and commercial trends both in the UK and internationally all point towards continued growth in the public mobile sector, suggesting that its impact on the UK economy will continue to increase. Ensuring that sufficient spectrum is available to meet the requirements of this expanding sector has already been identified as a key priority for many governments, and in the UK the Government has set a target to release 500MHz of spectrum for commercial use by 2020; the Government should continue to put in place the necessary studies and actions in order to achieve this target.
· In the short term, there are network improvements that could be introduced within DTT and DAB platforms that would both increase their attractiveness to consumers (by enabling more HD and multimedia services to be delivered) as well as offering spectrum efficiency improvements. Specifically, consideration is needed as to how and when the current DTT platform might be upgraded to deliver more HD content (potentially by upgrading all multiplexes to DVB-T2), and also whether the current DAB platform should be upgraded to a more recent version of the digital audio standard, such as DAB+, which offers better-quality audio and better reception in weak signal areas. However, there is a significant downside to these changes in that many existing TV sets and digital radios would need to be replaced, since the newer standards are not backwards-compatible with older receivers.
· The report has also noted that changes to the way that we watch TV and listen to the radio could result in a decline in the economic welfare generated by DTT and DAB in future, in particular as a result of more video consumption on mobile devices, and the growing use of the internet for TV viewing and radio listening in the home.
· The licence-exempt sector (including Wi-Fi, RFID, M2M applications and many more uses of short-range devices) is becoming increasingly diverse, and innovators such as Neul are emerging in the UK offering new ways to deliver licence-exempt services (in the case of Neul, using TV white spaces). This suggests that the overall contribution to the economy from licence-exempt uses of spectrum may rise in future. (It has not been possible for us to determine the size of the increase since 2006 as we have used a different approach to modelling the welfare benefits, and thus our estimates are not comparable with earlier estimates.)
· Our assessment is that the economic contribution from microwave and satellite links is likely to remain relatively static in the future, although microwave links are likely to retain a major role in the delivery of public mobile networks.
· Although we have not quantified the economic welfare generated by the PMSE sector, we have noted that demand for PMSE usage may continue to rise, but this may not necessarily result in demand for more spectrum since the digital transition in parts of this sector is still at an early stage (in parts of the sector where digital use is well established, such as wireless cameras, there seems to be a surplus of spectrum available above 5GHz, enabling growing amounts of usage to be accommodated).
· Similarly, the digital transition in the PMR sector is also at a relatively early stage, so the sector is likely to become more efficient in its use of spectrum. In addition, demand for the most popular bands for PMR usage (such as the VHF and UHF bands) might be managed through changes to assignment methods to accommodate more users per channel, or through AIP. Smaller users might also migrate to using public mobile networks where this is feasible (a trend that is already in evidence among taxi firms, for example).
· The emergency services will almost certainly want to make more use of mobile data in the future than they do currently, and there is a need to consider how to source the additional spectrum they will require.
· There are various technological advancements that might enable the future release of spectrum in certain bands used by the public sector – for example, the application of new technology to ground-based radars, which may improve spectrum utilisation, with bands used for military, aeronautical and maritime radar. A particular problem with older radar technology is its out-of-band emissions performance, which has the potential to cause interference to adjacent radio users. This becomes increasingly problematic as demand for spectrum increases, putting pressure on guard bands between adjacent services. In future, investment in newer radar technology could improve both radar selectivity (i.e. susceptibility to interference) as well as out-of-band emissions. Re-investment in radar would also facilitate a move out of some bands and the sharing of spectrum between different radar applications (e.g. aeronautical and defence).
Our study has shown that the use of spectrum is increasing economic value, supports a significant supply chain in major industries and is driving innovation and growth, validating the Government’s approach to make more spectrum available for key uses by increasing efficiency in public-sector use.

We were asked to comment on the implications that our findings on the economic value of spectrum and future developments could have for future spectrum allocations. Our comments fall into five main categories.

1. Supporting the future growth of the public mobile sector

As the highest value is likely to be obtained in the public mobile sector, releasing spectrum for this purpose will create most value. However, the value of spectrum for public mobile is maximised if it has been harmonised internationally, since the development of new smartphones, tablets and many other devices takes place at a global level. A programme of release therefore needs to go hand in hand with international efforts to agree bands for this use. A number of the bands being considered by international policymakers are allocated in the UK to the public sector, hence the work to release public sector spectrum can help the UK to take a lead in this area.

2. Supporting growth in other sectors that will be influenced by the growth in mobile data
Growth in demand for mobile broadband services will have implications for other sectors of wireless use, specifically for Wi-Fi (which is increasingly being used to offload data traffic from public mobile networks) and TV broadcasting (which is witnessing increasing use of mobile devices, most often connected via Wi-Fi, for TV viewing in the home and elsewhere). Increasing use of Wi-Fi may lead to future congestion within the spectrum that these systems use, particularly in the popular 2.4GHz band. It is important to ensure that low-power devices – including Wi-Fi – continue to have access to sufficient spectrum at a reasonable quality, to enable this sector of wireless use to continue to grow.

The global nature of Wi-Fi products means that the UK cannot act alone in releasing new spectrum for Wi‑Fi. The Government and Ofcom should seek to respond to international developments relating to licence-exempt spectrum, to make any newly designated spectrum available as quickly as possible. Ofcom has already shown leadership in this regard with its early proposals on the use of TV white spaces on a licence-exempt basis, and it will be useful for this momentum to be maintained.

3. DTT and DAB technology upgrades

Upgrading the rest of the DTT multiplexes to the DVB-T2 standards would create capacity for additional HD channels, while upgrading the DAB platform to DAB+ (or another alternative) would improve sound quality, and reception in weak signal areas. Although it may not be possible to complete these upgrades in the short term due to issues of equipment compatibility, greater clarity may be beneficial to the industry (and to consumers) in order to plan for any future changes, including use of the 600MHz and 700MHz bands, and implications in terms of migration to DVB-T2. We note that Ofcom has already consulted on a future strategy for UHF spectrum.

4. Better sharing of under-utilised spectrum

Technologies that enable more dynamic access to spectrum through situational awareness (often referred to as cognitive radio but in practice incorporating a range of technical innovations) have been highlighted by industry and governments as a key area for future wireless technology and policy focus. Although we believe that cognitive radio is still some years away from commercial implementation, the Government and Ofcom should consider how spectrum policy can support these future developments, for example by considering new licensing models for shared spectrum use, and enabling better shared access to under-utilised spectrum while protecting existing users (especially the users of passive services which cognitive systems cannot detect).

5. Release of public-sector spectrum

While the release of public-sector spectrum in the UK for commercial exploitation is a positive development, the additional benefits from harmonising releases on an international basis have already been noted. In addition, the value of spectrum releases is likely to be increased if it is available in larger contiguous blocks. In considering public-sector spectrum this supports an approach to rationalise use by planning across Departmental boundaries.

Annex A How spectrum is allocated to different uses

The overall framework for use of radio spectrum – i.e. which bands are allocated for use by which applications – is based on decisions that are co-ordinated regionally and internationally. This is primarily due to the nature of radio waves: since they do not stop at international borders a degree of co-ordination is needed between frequencies used in the border areas. This is particularly true in parts of continental Europe, where a number of relatively small and densely populated countries share many land borders.

It is also widely recognised that regional and international harmonisation of spectrum use is highly beneficial in facilitating global economies of scale for equipment and services. The UK market is not sufficiently large for economies of scale to be realised in most major uses of radio spectrum, and so deploying spectrum that is harmonised at a European, or global, level has significant benefits for UK industry.

For these reasons, radio spectrum is increasingly being viewed as a strategic asset that is critical to the delivery of many essential wireless services. 

At an international level, the ITU Radio Regulations is an international treaty endorsed by national governments of ITU member states. National governments that approve the treaty make a commitment to apply the Radio Regulations through national legislation, and to assign frequencies in accordance with the essential provisions of the Radio Regulations. 

The Radio Regulations focus on international or regional provisions. ITU frequency allocations are made on the basis of three world regions:

Region 1, comprising Europe, Africa and parts of the Middle East

Region 2, comprising the Americas

· Region 3, comprising countries in Asia, Australasia and the Pacific basin.
In the EU, responsibility for policy and regulation lies at the national level so that spectrum is allocated and assigned on a national basis, but is co-ordinated within an overall European framework. Spectrum regulators in Europe – such as Ofcom in the UK – are committed to honouring the interference environments indicated by the allocations given in the Radio Regulations for ITU Region 1, along with associated European harmonisation decisions (where applicable).

Spectrum management in Europe involves a series of provisions, legislation, agreements and recommendations. The EC is playing an increasing role in seeking to achieve co-ordinated spectrum access across Europe, having recognised the strategic importance of radio spectrum to key industries across the region.

Arrangements for achieving European spectrum harmonisation are somewhat complex. As well as the EC, other key bodies involved in the process are the Radio Spectrum Policy Group (RSPG), the Radio Spectrum Committee, the European Parliament and the Council of Ministers. All proposals start with the EC and all policy decisions are made by the European Parliament and the Council of Ministers (for the 27 Member States). 

A key spectrum policy in Europe is the multi-annual Radio Spectrum Policy Programme (RSPP) which was adopted in early 2012 and establishes key priorities for Europe in the areas of spectrum policy and spectrum management for the next three years.
 The priorities of the RSPP include that:

· European regulators should release the European harmonised ‘digital dividend’ spectrum
 (790–862MHz) for use by mobile broadband services by 2013. This is the 800MHz band, which, in the UK, will be auctioned by Ofcom in 2013
· A spectrum inventory will be conducted, to identify potential bands in the frequency range 400MHz to 6GHz that can be prioritised and harmonised to meet spectrum demand in key growth areas of wireless use (primarily for wireless broadband). Interim results of the inventory were released by the EC in June 2012

· Flexible spectrum use, including collective and shared use, will be increasingly implemented. In support of this approach the EU has defined the concept of ‘licensed shared access’ to refer to the shared use of spectrum where users of a given frequency band are granted concurrent rights of use.
A key aspect of the RSPP is that it is stated that, at a European level, there is a need for 1200MHz of spectrum for wireless broadband services in future (including existing allocations). Since existing allocations total around 800MHz, this means there is a need to identify some 400MHz of additional spectrum for wireless broadband use. 

This target has also been re-iterated by the UK Government, and the consultation document issued by the DCMS in early 2011 set a target to make up to 500MHz of extra spectrum available for key growth areas such as wireless broadband by 2020.
 A priority of the DCMS consultation is that surplus spectrum used by the public sector should be released for high-growth commercial applications. 

BIS and DCMS are now taking forward the principles set out in the DCMS consultation document through the Shareholder Executive (ShEx). The ShEx is managing a programme of work aimed at encouraging Government departments to audit their spectrum use and release surplus spectrum where possible. Fundamental to the release of spectrum for public-sector use is that released spectrum should generate value in alternative, commercial use. Consideration therefore needs to be given not just to the amount of spectrum that can be released, but also to the nature of the released frequencies – noting, as above, that some frequencies are considerably more valuable than others (particularly where regional or international harmonisation is either in place or is in progress). 

Annex B Description of models and detailed results for economic welfare assessment

This annex describes in more detail the approach that Analysys Mason has taken to calculate the economic welfare benefits of radio spectrum to the UK economy. For public mobile and TV broadcast services we have built new models to estimate consumer and producer surpluses. We have also built a side model linked to the public mobile model to calculate the consumer surplus resulting from offloading mobile traffic onto Wi-Fi networks. For the remaining sectors we have updated the consumer surplus calculations performed by Europe Economics in 2006 to take account of inflation and the change in the number of users, and we have updated the producer surplus calculations to take into account the recent financial performance of companies involved.

The models built by Analysys Mason express revenue and costs in nominal terms. Net present value calculations are based on the UK Government’s social discount rate of retail price index (RPI) + 3.5% per annum.

The following sections explain the methodology used for each sector and the principal assumptions made.

B.1 Calculating consumer and producer surplus

Figure B.1 below illustrates the standard approach to calculating consumer and producer surplus, based on the assumption of a linear, downward-sloping demand curve and a linear, upward-sloping supply curve. The supply curve crosses the demand curve at a point where the quantity is equal to the current number of subscribers or users and the price is equal to the current selling price or average spend per user. The price at which demand falls to zero (i.e. where the demand curve crosses the y-axis) is referred to as the choke price. 
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	Figure B.1: Illustration of the calculation of consumer and producer surplus [Source: Analysys Mason, 2012]



The area of the triangle shown in blue in Figure B.1 represents the total consumer surplus. This can be calculated using the formula:
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The particular calculation for each use of spectrum is explained in subsequent sections of this annex.

It should be noted that commissioning new primary research to determine consumers’ willingness to pay for any of the services considered in this report (and thus the choke price and the slope of the demand curve) was outside the scope of this study, and consequently our estimates are based on the best available existing data on willingness to pay.

The area of the triangle shown in pink in Figure B.1 represents the total producer surplus. Figure B.2 below illustrates, at a high level, how we estimate the annual producer surplus for public mobile services. The forecast number of subscribers is multiplied by the forecast average spend per user (ASPU) to estimate the producers’ revenue for the year in question, from which the costs of production for the same year, namely cost of goods sold (CoGS), capital expenditure (capex) and operating expenditure (opex), are subtracted. The resulting free cashflow forms the producer surplus.
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	Figure B.2: Overview of calculation of producer surplus [Source: Analysys Mason, 2012]


While it is standard practice to assume that the demand and supply curves are linear when (as is the case in this study) the true shapes of the curves are not known, in reality demand curves are often concave. Assuming a linear demand curve could therefore lead to consumer surplus being overestimated if the selected choke price is too high. We have attempted to use conservative estimates of choke prices in this study, and in the case of public mobile services (the largest contributor to the overall value of spectrum use in the UK) we have calculated a range for consumer surplus which reflects the uncertainty surrounding current and future choke prices for mobile voice and data.

B.2 External (indirect) benefits

As discussed above, in addition to the consumer and producer surpluses that derive from the use of radio spectrum, it may also lead to wider societal and economic benefits, such as better information dissemination, preservation of diversity, improved access to public services and greater social inclusion. These external benefits should also be taken into account in order to make a fair assessment of the overall value of radio spectrum use to the UK economy.

These external benefits are difficult to quantify. A number of previous studies have assumed a level of external benefits that is typically in the range 5% to 10% for public mobile and broadcasting services, but the basis for such assumptions is unclear.
 In this study we have not attempted to put a value on the external benefits, but we discuss the nature of such benefits in Section 4.2.1.

B.3 Public mobile model

The approach and calculation method for consumer surplus from mobile data and voice are shown in the following figures.

Figure B.3: Approach used to estimate the consumer surplus from mobile data [Source: Analysys Mason, 2012]
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Figure B.4: Approach used to estimate the consumer surplus from mobile voice [Source: Analysys Mason, 2012]
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The approach and calculation method for producer surplus from mobile data and voice are shown in Figure B.5 below.
Figure B.5: Approach used to estimate the producer surplus from mobile voice and data [Source: Analysys Mason, 2012]
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B.3.1 Market forecasts

Subscribers

We have forecasts for the number of mobile subscribers up to 2016, sourced from Analysys Mason Research. These are based on historical trends and insights gained from discussions with operators and are split into the following categories:

2G handsets

3G handsets

4G handsets

· mobile broadband (datacards and dongles, including devices embedded in laptops and tablets).

Beyond 2016, we have assumed that handset penetration will follow recent trends and stay relatively constant at around 115% (i.e. 115 handsets per 100 population), while the proportion of 2G and 3G handsets will decline as 4G handsets become more popular (see Figure B.6).

Figure B.6: Handset subscribers and penetration – historical values and forecast [Source: Analysys Mason, 2012]
[image: image52.wmf]0%

20%

40%

60%

80%

100%

120%

0

20

40

60

80

100

120

2

0

0

8

2

0

0

9

2

0

1

0

2

0

1

1

2

0

1

2

2

0

1

3

2

0

1

4

2

0

1

5

2

0

1

6

2

0

1

7

2

0

1

8

2

0

1

9

2

0

2

0

2

0

2

1

P

e

n

e

t

r

a

t

i

o

n

C

o

n

n

e

c

t

i

o

n

s

 

(

m

i

l

l

i

o

n

)

2G handset connections

3G handset connections

4G handset connections

Handset penetration


Based on recent market trends and forecast data, we have projected that mobile broadband penetration will grow to around 20%, and that the introduction of 4G services in 2013 will result in 3G mobile broadband declining from 2015 onwards (see Figure B.7).

Figure B.7: Mobile broadband subscribers and penetration – historical values and forecast [Source: Analysys Mason, 2012]
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Average Spend Per User (ASPU)

We have forecasts for ASPU up to 2016, sourced from Analysys Mason Research (see Figure B.8 and Figure B.9 below). These are also based on historical trends and insights gained from discussions with operators and are split into the following categories:

handset voice

handset data

· mobile broadband (datacards and dongles).

We have extrapolated the forecasts to 2021 in order to calculate ten-year values for consumer surplus and producer surplus. Average spend on 3G data services is expected to stay fairly constant over the next decade, although we have assumed a 30% price premium for 4G data over 3G data initially after the 4G launch in 2013, with prices eventually converging around 2017. Voice ASPU has declined significantly over the past few years (largely, we believe, as a result of intense competition in the UK mobile market) but we forecast that this will level off at around £8 per month over the next decade as the market matures.

Figure B.8: Handset ASPU – historical values and forecasts [Source: Analysys Mason, 2012]
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As with handset data prices, we have assumed an initial 30% price premium for 4G mobile broadband over 3G mobile broadband, with the prices of the technologies eventually converging.

Figure B.9: Mobile broadband ASPU – historical values and forecasts [Source: Analysys Mason, 2012
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The 30% 4G price uplift factor is based on our analysis of the premiums charged in Germany and Portugal, which have both launched 4G services recently. It can be difficult to draw direct comparisons between 3G and 4G data plans, as 4G plans often include much higher levels of bundled data. However, we have made an assessment that the price premium for a 4G plan over a comparable 3G plan is typically between 30% and 60% and so our assumption is at the conservative end of this range. Our assumption that 4G and 3G data prices will converge is based on observations in more-developed 4G markets in Europe, such as Denmark, which has had 4G for around three years and where there is now no price premium for 4G mobile broadband.

B.3.2 Choke prices

The choke price is defined as the point at which demand for a service would be equal to zero. It is based on the concept that many subscribers are willing to pay significantly more for a service than they actually spend, i.e. they receive more value than is reflected in their ASPU.

Calculating the choke price is challenging and is most accurately done on the basis of surveys of consumers’ willingness to pay. Unfortunately we are not aware of any recent surveys on willingness to pay for mobile in the UK which could provide all of the necessary inputs for this study, and it was outside the scope of our study to conduct new primary research. Consequently, there is a degree of uncertainty regarding the choke price for public mobile services. The following sections describe how we have dealt with this uncertainty.

Choke price for mobile voice

The data available on willingness to pay for mobile voice is particularly dated, since it is based on primary research carried out in 2000. The resulting value was re-used in the 2006 study after updating for changes in RPI. In this study we have considered two scenarios for the evolution of choke price since 2006.

1. Choke price has continued to increase in line with RPI since 2006,
 and does so over the forecast period. The resulting figure for 2011 is £63 per month, increasing to £90 in 2021. This represents a scenario in which consumers continue to see increasing value in mobile voice services, despite the growth in mobile data services since 2006.

2. Choke price is the same in nominal terms as it was 2006, and remains flat over the forecast period. The resulting figure for 2011 is £54 per month (and subsequent years). This reflects the possibility that users may be substituting voice services with new data services such as mobile instant messaging; a scenario for which there is some evidence in Ofcom’s latest Communications Market Report.

The evolution of choke prices in the two scenarios is showed graphically in Figure B.10. Since we have these two different scenarios for the choke price for mobile voice, our estimates for the consumer surplus from public mobile take the form of a range, rather than a particular value.

Figure B.10: Evolution in choke price evolution for mobile voice [Source: Analysys Mason, 2012]
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However, there is some evidence from previous studies to indicate that demand for mobile voice may have become more elastic over time, the rationale being that early adopters tend to place higher value on the use of a new product or services and are thus less price sensitive than later adopters. For example, various studies submitted to the UK Competition Commission in 2003 during an investigation into mobile termination rates estimated the elasticity of mobile services to be between -0.48 and -0.62,
 but in 2007 Alptekin, Levin and Rickmann estimated the long-run elasticity of voice services to be between -0.75 and
-1.16.
 In the USA, Hausman estimated the price elasticity of mobile services to be -0.51 in 1999
 but later updated his estimate to -0.71 based on more-recent data, while Ward and Woroch found it to be -0.8 in 2010,
 and Ingraham and Sidak found it to be between -1.12 and -1.29 in 2004.

If the demand curve for mobile services is linear, as we assumed in our consumer surplus calculation, then the choke price [image: image58.png]


 using can be estimated using the formula:

[image: image59.png]



If we assume that the elasticity of demand for mobile voice is -1.0 based on the studies quoted above, this gives a much lower choke price of around £24 for mobile voice in 2011. We use this value to calculate a sensitivity for the consumer surplus from mobile voice in 2011 in Section B.3.6 below.

Choke price for mobile data

For mobile data, we have calculated the choke price using data from Ofcom’s 2012 UHF consultation.
 The consultation included the results of a survey in which respondents were asked how much they pay per month in total for their current mobile subscription, and how much they would be willing to pay per month for a subscription that included unlimited data (see Figure B.11 below).
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	Figure B.11: Results of survey of price of current mobile plan and willingness to pay for unlimited data [Source: Ofcom UHF Strategy Research Summary Report, 2012]


The information available from the survey is limited, as the respondents were given willingness to pay options in five groups – ranging from less than £20 up to greater than £50. All participants either already subscribed to a mobile data plan or intended to subscribe to one in the next 12 months. It is clear that some subscribers are willing to pay over £50 per month for a plan that includes unlimited data. Since we have no data on how much more than £50 these subscribers are willing to pay, we have taken £50 as a conservative estimate of the choke price for a subscriber’s total mobile monthly bill.
 From this we subtract the monthly voice ASPU (around £12) and an average monthly handset subsidy (around £13, obtained from benchmarks) from postpaid subscribers (50% of the UK market).
 The resulting choke price for mobile data in 2011 is £31.40. 

Since it appears that mobile data is becoming ever more important to subscribers, it seems reasonable to assume that the choke price for mobile data will continue to increase with RPI over the forecast period, as shown below in Figure B.12, reflecting how consumers are likely to continue to value mobile data services over the next decade.

Figure B.12: Evolution in choke price for mobile data [Source: Analysys Mason, 2012]
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We have also considered a sensitivity, using a calculation based on the elasticity for mobile data services that is similar to the sensitivity described in the previous section for mobile voice. We have extrapolated the curve in Figure B.11 to a point representing the current penetration of data services and estimate the slope of the line at this point (i.e. the elasticity of demand) to be -0.89. This fits reasonably well with Alptekin, Levine and Rickman’s 2007 estimate of the demand for mobile data of between -0.97 and -1.04 and Srinuan, Srinuan and Bolin’s 2011 estimate of the elasticity of demand for mobile broadband in Sweden of -0.884.
 Assuming an elasticity of -0.89 gives a choke price in 2011 of around £17 for handset data and £21 for mobile broadband. 

B.3.3 Consumer surplus calculations

Consumer surplus is calculated separately for mobile voice, handset data and mobile broadband, using the formula:
[image: image62.png]L
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with the relevant ASPU, choke price and number of subscribers for each service. We have calculated annual values for 2011 so that they can be compared with the findings of the 2006 Europe Economics study. We have also compared our figures against the results of the 2006 study, updated for the change in RPI between 2006 and 2011. Finally, we provide calculations of the net present value of the cumulative consumer surplus over a ten-year period from 2012 to 2021. We chose a ten-year period for the longer-term view because it approximates to the length of previous mobile technology cycles.
 The NPV is calculated by assuming a social discount rate of 3.5% per annum.

B.3.4 Producer surplus assumptions and forecasts

Revenue

Figure B.13 shows the evolution and breakdown of total mobile service revenue; this is calculated by considering the ASPU and number of subscribers, as presented earlier. In addition, we then make an allowance for other revenue, such as messaging and interconnect. We assume that total revenue will stay relatively constant in nominal terms, as operators begin to offer new value-added services
 in order to offset diminishing revenue from basic voice, messaging and packet data services.

Figure B.13: Total mobile service revenue – historical values and forecasts [Source: Analysys Mason, 2012]
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Number of sites

In order to estimate network costs, it is necessary to forecast the number of mobile sites over the next ten years. We have reasonably current information for this, sourced from the Ofcom ‘Sitefinder’ database. We understand that the number of Everything Everywhere sites is not up to date on this database; since Everything Everywhere is in the process of consolidating existing Orange and T-Mobile sites we have assumed that the current number of sites is 95% of the figure quoted in Sitefinder. We do not have historical information for the total number of sites in the UK, although we are aware that the number has been decreasing (again due to the consolidation of Orange and T-Mobile sites by Everything Everywhere). We have used data from the Ofcom mobile long-run incremental cost (LRIC) model
 to estimate the proportions of macro-cell sites and small-cell sites and the technology mix at each type of site. The resulting assumptions are shown in the following figures.
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	Figure B.14: Total number of macro-cell sites [Source: Analysys Mason, 2012]
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	Figure B.15: Total number of small-cell sites [Source: Analysys Mason, 2012]


· Coverage sites

We have made an assessment of the number of 800MHz 4G coverage sites likely to be required, using data from Ofcom’s 2012 consultation on the 800MHz and 2600MHz spectrum award.
 We have also used this information to estimate the number of 900MHz sites required by O2 and Vodafone, and 1800MHz sites required by Everything Everywhere, to maintain current levels of 2G coverage. We believe it is likely that a large proportion of the base stations required for the 4G coverage network can be deployed at existing sites. So far, we have assumed that all of the 4G coverage networks are rolled out using 800MHz spectrum, although we recognise that in practice one operator may be forced to roll out a 4G coverage network at 1800MHz. In addition, we assume that the level of inter-network tower sharing will increase significantly over the next few years, since Three and Everything Everywhere have an agreement through the tower company MBNL while Vodafone and O2 have an agreement through the tower company Cornerstone.

We assume that because of these tower sharing agreements, virtually all 4G coverage towers will be shared by two operators, and significant consolidation of 2G and 3G sites will take place in the next few years.
· Capacity sites

The number of capacity sites is determined by considering the following three factors:

number of subscribers

traffic per subscriber (extracted from the Ofcom LRIC model)

· capacity sites required per busy-hour Mbit/s (extracted from the Ofcom LRIC model).
We have assumed that capacity per site will increase over time, due to technological advances which result in more-efficient use of existing spectrum (the migration to LTE-Advanced, for example). Traffic per subscriber is assumed to grow at the rates predicted by Analysys Mason Research’s Wireless Traffic Forecast, shown in Figure B.16 below. We note that other third-party forecasts, such as Cisco’s Visual Networking Index,
 assume faster growth in traffic per subscriber (Cisco’s forecast, converted into traffic per subscriber using Analysys Mason’s subscriber forecast, is also shown in Figure B.16 for comparison purposes). The report therefore includes a sensitivity based on the Cisco forecast, although this appears to show that this level of traffic growth is inconsistent with our longer-term revenue assumptions, since the producer surplus becomes negative in 2021.

Figure B.16: Data traffic per device – historical values and forecasts
 [Source: Analysys Mason, Cisco, 2012]
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As with coverage sites, capacity sites are calculated separately for each technology, considering the number of incremental sites required to fulfil the demand of 2G, 3G or 4G subscribers. We have taken into account both technology site sharing and also inter-network site sharing by considering the effect of Cornerstone and MBNL.

Costs

In order to estimate the producer surplus for mobile broadband operators we have modelled the capital expenditure (capex), the operating expenditure (opex), and the costs of goods sold (CoGS). The cost inputs are based on annual reports from UK operators supplemented, where necessary, with data from Analysys Mason internal databases.

· Capex

The majority of capex in a mobile network is attributed to rolling out new base stations (coverage and capacity sites, as described previously), in addition to investment in core network equipment, and replacement capex (replacing equipment at the end of its lifecycle). To reflect this in the model, capex is primarily driven by the number and type of sites, and the number of radios per site. For 4G this involves rolling out a coverage network between 2013 and 2015, followed by incremental capacity sites. For 2G and 3G, sites are rolled out or decommissioned based on capacity requirements, although a minimum 2G coverage network is assumed to remain in place during the forecast period. The 4G network can be rolled out by either deploying new 4G base stations, or upgrading existing base stations to 4G, which as mentioned above, is likely to be the most common case. The capex model thus considers four main types of cost:

· set-up costs for the main sites

· upgrade costs for the main sites

· capex for the micro sites

· replacement costs.

Capex has been calculated separately for 2G, 3G and 4G networks. Figure B.17 below shows the capex in each year for all operators and across 2G, 3G and 4G networks.

Figure B.17: Capex over the forecast period [Source: Analysys Mason, 2012] 
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· Opex

The opex model considers eight types of cost:

staff costs

site running costs (including backhaul, electricity cost)

site maintenance costs (including equipment)

microsite running and maintenance costs

site rental costs

marketing costs

general and administrative costs

· bad debt.

Opex has been calculated separately for 2G, 3G and 4G networks. Figure B.18 below shows the opex in each year for all operators and across 2G, 3G and 4G networks.

Figure B.18: Opex over the forecast period [Source: Analysys Mason, 2012]
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· CoGS

CoGS consists primarily of subscriber acquisition and retention costs (dealer commissions, equipment subsidies and distribution expenses). Note that we have not included interconnection revenue or costs, as for the most part these are passed between the operators within a single country and, as such, do not have an impact on the direct economic welfare for the country as a whole. We assume that CoGS accounts for 30% of total revenue throughout the modelling period, and this applies consistently across both mobile broadband and handsets. Equipment subsidies, and in particular dealer commissions, are kept confidential by the operators and are difficult to benchmark. In addition, different operators tend to group costs into different categories. We have therefore taken a bottom-up approach of modelling network and non-network opex in detail, and have then estimated the CoGS by considering operators’ total opex and cost of sales.

B.3.5 Producer surplus calculations

Producer surplus is calculated using the formula

[image: image69.png]Revenue — CoGS — opex — capex




We have calculated annual values for 2011 so that they can be compared with the findings of the 2006 Europe Economics study. We have also compared our figures against the results of the 2006 study, updated for the change in RPI between 2006 and 2011. Finally, we provide calculations of the net present value of the cumulative producer surplus over a ten-year period from 2012 to 2021. The net present value is calculated by assuming a discount rate of 3.5% per annum (i.e. the same as in the consumer surplus calculation).

B.3.6 Results from public mobile model

Figure B.19 shows our results for 2011, and compares them against the results of the 2006 study (a) as originally presented, and (b) increased in line with the percentage change in RPI from 2006 to 2011. We also show a net present value (NPV) for the ten-year period from 2012 to 2021. The discount rate used for both the consumer and the producer surplus is the UK Government’s social discount rate of 3.5% per annum plus the percentage change in RPI.

Figure B.19: Range of surplus from public mobile [Source: Analysys Mason, 2012]
	£ million
	
	2006
	2006
(in 2011 prices)
	2011
	Real % change
	10-year NPV
(2012–2021)

	Consumer
surplus
	Voice
	-
	-
	19 100–23 100
	-
	154 000–222 000

	
	Data
	-
	-
	5 140
	-
	92 500

	
	Total
	19 000
	22 600
	24 200–28 200
	7–25%
	246 000–314 000

	Producer surplus
(base case)
	Voice
	-
	-
	4 860
	-
	18 080

	
	Data
	-
	-
	1 050
	-
	9 010

	
	Total
	2 800
	3 350
	5 910
	76%
	27 090

	Direct welfare benefits (consumer + producer surplus)
	Voice
	-
	-
	24 000–28 000
	-
	172 080–240 080

	
	Data
	-
	-
	6 190
	-
	101 510

	
	Total
	21 800
	25 900
	30 200-34 200
	16-32%
	273 000-341 000


Note: all results have been rounded to 3 significant digits.


Figure B.20 below shows the consumer surplus generated by public mobile over the forecast period, before discounting. 
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	Figure B.20: Range of consumer surplus from public mobile over forecast period, base case (before discounting) [Source: Analysys Mason, 2012]


As discussed in Section B.3.2 above, we have also calculated a sensitivity for the consumer surplus in 2011 based on assumptions about the elasticity of demand for mobile voice and data. The resulting values for consumer surplus in 2011 are as follows:

Data:
£5.5 billion

Voice:
£2.0 billion

· Total:
£7.5 billion.

This alternative calculation therefore results in a much lower consumer surplus than the range of
£24.2–28.2 billion presented above. We consider that this sensitivity gives a very pessimistic estimate of the consumer surplus since the choke prices are based on the assumption that the demand curve is straight and has a slope equal to the elasticity for the marginal subscriber, whereas in reality we expect most subscribers to be less price sensitive than the marginal subscriber and hence the demand curve to be concave (as shown in Figure B.11) and to lie above the straight line that we have assumed. However, this sensitivity does serve to underline the degree of uncertainty surrounding the consumer surplus from public mobile. 

Figure B.21 shows the producer surplus generated by public mobile over the forecast period, before discounting and before considering the effects of Wi-Fi offloading (discussed in Section B.4). 
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	Figure B.21: Producer surplus from public mobile (all services) over forecast period – base case (before discounting and Wi-Fi offloading) [Source: Analysys Mason, 2012]


Since our own assumptions about the future growth in mobile data usage are towards the low end of third-party estimates, we have also modelled a sensitivity using the higher data growth forecasts from the Cisco Visual Networking Index (see Figure B.22). 
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	Figure B.22: Producer surplus from public mobile over forecast period assuming higher data growth than base case (before discounting and Wi-Fi offloading) [Source: Analysys Mason, 2012]


In this sensitivity, the discounted producer surplus drops to just £15 billion over the forecast period, and the annual surpluses become negative after 2020. We believe that this scenario is unlikely, as it implies a business model that is unsustainable for mobile operators, forcing them to increase data prices in order to cap demand.

B.4 Wi-Fi offload model

B.4.1 Consumer surplus

Previous studies, including the 2006 study,
 have attempted to estimate the consumer surplus from the use of Wi-Fi to access a fixed broadband connection at home, but these have suffered from a lack of data on willingness to pay for this service and have been forced to assume a largely arbitrary value for willingness to pay.

In our opinion, the average household’s willingness to pay for Wi-Fi access to fixed broadband is low, since the occupants could relatively easily use a wired connection instead. However, we believe it is appropriate to treat as a consumer surplus the amount that smartphone owners save by using Wi-Fi networks rather than their mobile operator’s network for data transfers in their homes and their places of work (we refer to this as passive offloading). It also seems appropriate to treat passive Wi-Fi offloading of data from laptops and tablets that have a mobile broadband connection in the same way, since owners of such devices have indicated that they are willing to pay for mobile data capability and Wi-Fi enables them to pay less than they otherwise would. Our approach to Wi-Fi consumer surplus therefore takes these factors into account. 

For 2011, we have assumed an average cellular data price of £0.04 per MB (benchmarked from a UK operator), although we expect this to decline over the forecast period. We assume that between 1% and 5% of data traffic was actively offloaded in 2011, depending on the device type; this rises to a maximum of 15% by 2021.

Figure B.23: Approach used to estimate the consumer surplus from Wi-Fi offloading [Source: Analysys Mason, 2012]

[image: image73.wmf]Cost saving per 

MB offloaded

Consumer surplus 

from Wi

-

Fi

Amount of traffic 

passively offloaded


B.4.2 Producer surplus

The 2006 study estimated the producer surplus from Wi-Fi using the accounting method previously described and considering the accounts of one hotspot provider (The Cloud, which has subsequently been acquired by BSkyB) and one supplier of hotspot equipment (Redline UK).

Looking forward, we believe that most of the producer surplus from Wi-Fi will accrue to the mobile operators which, in the absence of Wi-Fi, would need to construct more base stations to handle data traffic. Our producer surplus Wi-Fi offload model considers the amount of data traffic that is likely to be offloaded from the cellular network through either home or office Wi-Fi networks (passive offloading, as discussed in the previous section on consumer surplus) or through public hotspots owned by either the mobile operator or a third party (active offloading). Figure B.24 shows the methodology used to calculate the producer surplus from Wi-Fi offloading. The increase in producer surplus from Wi-Fi offloading therefore comes from a reduction in capacity cellular sites required, as less traffic will be carried over the cellular network.

Figure B.24: Approach used to estimate the producer surplus from Wi-Fi offloading [Source: Analysys Mason, 2012]
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There are a number of benchmarks for the proportion of data offloaded per device, ranging from around 60% to 80%.
 We have assumed an average of these benchmarks in 2011, with a gradual increase over the forecast period. We estimate that around 90% of smartphone data traffic is generated indoors; as a result of this, all benchmarks show that the vast majority of offloaded traffic is passively offloaded indoors. 

Passive offloading does not result in any cost for the operator, but active offloading requires the operator to either build its own Wi-Fi hotspots, or buy wholesale data from a third-party hotspot operator (such as BT Openzone). The opex and capex associated with setting up and running these Wi-Fi hotspots is generally significantly lower than for a cellular site. We have modelled the cost to the operator of Wi-Fi offloading by considering a mixture of both of these scenarios. We have estimated the current number of operator-owned hotspots
 and projected forward based on our forecasts of traffic growth.
 The remainder of offloaded traffic will be carried over third-party hotspots, for which the cellular operator will pay the hotspot provider a wholesale fee for offloaded data.

The outputs of traffic reduction due to Wi-Fi offloading, as well as the resulting capex and opex are subsequently fed back into the main mobile model and lead to an increased producer surplus.

The base case assumes that 95% of indoor smartphone traffic will be offloaded from the cellular network by 2021, although we have also considered a scenario where this figure is only 75%.

B.4.3 Detailed results from the Wi-Fi offload model

Figure B.25 shows a breakdown of the consumer and producer surplus from Wi-Fi offload, and Figure B.26 shows the results of the sensitivity analysis. The base case assumes that 95% of indoor traffic will be offloaded by 2021, while Scenario 2 assumes a lower estimate of 75%.

Figure B.25: Surplus from Wi-Fi offloading [Source: Analysys Mason, 2012]
	£ million
	2011
	NPV (2012–2021)

	Consumer surplus
	1 810
	24 800–27 900

	Producer surplus
	25
	780–3 130

	Direct welfare benefits
(consumer + producer surplus)
	1 840
	25 600–31 000


Note: all results have been rounded to 3 significant digits.
Figure B.26: Sensitivity analysis of surplus from Wi-Fi offloading (10-year NPVs, 2012–2021) [Source: Analysys Mason, 2012]
	£ million
	                   Scenario 1 (base case)
	             Scenario 2

	
	2011
	NPV
(2012–2021)
	2011
	NPV
(2012–2021)

	Consumer surplus
	1 810
	27 900
	1 810
	24 800

	Producer surplus
	25
	3 130
	25
	780

	Direct welfare benefits (consumer + producer surplus)
	1 840
	31 000
	1 840
	25 600


Note: all results have been rounded to 3 significant digits.
B.5 Broadcast TV model

We have built a new model to calculate the consumer and producer surplus from DTT and DTH satellite broadcasting. We have not considered analogue terrestrial broadcasting (since this will cease before the end of 2012) or cable TV (since this does not involve the use of radio spectrum). We have, however, included BT Vision Internet Protocol (IP) TV households in our consumer surplus calculation, since these subscribers still receive broadcast TV channels via DTT. Thus, two main TV segments are considered:

DTT (Freeview)

· DTH comprising free DTH (Freesat, including Freesat from Sky) and pay DTH (Sky).
The structures of the approaches used to estimate the consumer surplus from DTT and DTH are shown below in Figure B.27 and Figure B.28.

Figure B.27: Approach used to estimate the consumer surplus from DTT [Source: Analysys Mason, 2012]
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Key: HH = households, MUX = Multiplex
Figure B.28: Approach used to estimate the consumer surplus from DTH [Source: Analysys Mason, 2012]
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The structures of the approaches used to estimate the producer surplus from DTT and DTH are shown below in Figure B.29 and Figure B.30.

Figure B.29: Approach used to estimate the producer surplus from DTT [Source: Analysys Mason, 2012]
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Figure B.30: Approach used to estimate the producer surplus from DTH [Source: Analysys Mason, 2012]
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B.5.1 Market forecasts and other assumptions for consumer surplus

Subscribers

We have forecast the evolution of TV households by technology (DTH, DTT, cable, etc.) up to 2021, based on historical figures from Ofcom.

After completion of the digital switchover, we assume that the share of free DTT users remains relatively constant over time, while the number of free DTH users increases to around 3 million by 2021. The total number of TV households increases by around 1% per annum (see Figure B.31).

Figure B.31: Split of TV households per type of technology used on the primary screen – historical values and forecast [Source: Analysys Mason, 2012]
[image: image79.wmf]0

5

10

15

20

25

30

35

2

0

0

8

2

0

0

9

2

0

1

0

2

0

1

1

2

0

1

2

2

0

1

3

2

0

1

4

2

0

1

5

2

0

1

6

2

0

1

7

2

0

1

8

2

0

1

9

2

0

2

0

2

0

2

1

S

u

b

s

c

r

i

b

e

r

s

 

(

m

i

l

l

i

o

n

s

)

Pay digital satellite

Free-to-view digital satellite

Digital cable

IPTV

Digital terrestrial (Freeview)

Analogue terrestrial


We have also forecast the number of IPTV (BT Vision) subscribers for DTT consumer surplus calculations, based on estimates from PricewaterhouseCoopers,
 since BT Vision subscribers still use DTT to receive broadcast channels.

ASPU

Pay DTH ASPU has been set at £45 per month based on BSkyB data, and is assumed to increase by 3% per annum over the next ten years.

Licence fee

The TV licence fee is assumed to remain constant until 2015, in line with the current BBC licence settlement. Thereafter we assume that it will increase in line with increases in RPI.

DTT set-top boxes, DTH receivers, antennas, satellite dishes and installation costs

DTT set-top box costs are set to an average of £30 in 2011
 and then increase in line with changes in RPI. The volume of set-top boxes in 2010 is based on historical units sold; we then assume that no set-top boxes are sold from 2013 onwards, as all new TVs will have an in-built DTT tuner. We believe that the incremental cost of adding a DTT tuner to a TV set is small and, following the completion of digital switchover, can be offset against the cost of the analogue tuner that is no longer required. We have not considered the cost of TV sets in our calculations, an approach that is consistent with the 2006 study. DTH receivers are assumed to cost £120, a figure which is amortised over five years.

We aggregated the cost of antennas with installation costs for DTT, and have assumed that 5% of DTT households require a new antenna each year. For free DTH, satellite dishes and installation costs are set at £55, bringing the total free-DTH installation cost to £175, in line with BSkyB’s Freesat package.

Choke prices

In our base case the choke price for DTT is based on the value used in the 2006 report
 adjusted for the increase in RPI since 2006, but with an additional 10% uplift applied. The uplift is an estimate of additional willingness to pay for HD content. (There is strong evidence that pay-TV customers are willing to pay extra for HD, since over 40% of Sky’s customers pay an additional £10 per month for this service.
 We therefore believe that it is reasonable to assume that free-to-air customers would also be willing to pay more.) The willingness to pay data is for the five main PSB channels, plus an addition for digital-only channels. We note that since 2006 the share of the five main PSB channels has fallen from 67% to 56%.
As a sensitivity, we have also considered a 20% reduction in the choke price compared to the base case. This might represent a future situation where viewers watch a much higher proportion of non-broadcast on-demand TV (such as the BBC iPlayer, which streams video over the internet and so does not use spectrum) than they do at present and thus place a lower value on broadcast TV.
Figure B.32 shows our assumption regarding the evolution of choke prices for DTT and free and pay DTH for the base case.

Figure B.32: Choke prices – base case [Source: Analysys Mason, 2012]
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B.5.2 Consumer surplus calculations

Consumer surplus is calculated for DTT and free DTH using the formula:
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and for pay DTH using the formula:
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We have calculated annual values for 2011 so that they can be compared with the findings of the 2006 Europe Economics study. We have also compared our figures against the results of the 2006 study, updated for the change in RPI between 2006 and 2011. Finally, we provide calculations of the net present value of the cumulative consumer surplus over a ten-year period from 2012 to 2021. We chose a ten-year period for the longer term to match the mobile calculations, although we note that the technology cycles in TV broadcasting may be much longer (e.g. 625-line analogue colour TV was the dominant standard for over 30 years). The net present value is calculated by assuming a social discount rate of 3.5% per annum.

B.5.3 Assumptions for DTT and DTH producer surplus

Licence fee revenue

This is linked to the licence fee revenue in the consumer surplus calculation, and is calculated by dividing the total licence fee revenue by the number of TV households. This leads to slightly lower revenue per household than the annual licence fee, reflecting both the level of non-payment and the fact that citizens over 70 years of age are exempt from the fee. The model takes into account the fact that, from 2013, £150 million per year of TV licence revenue will be used to fund rural broadband projects, and assumes that the BBC’s commitment to fund BBC Monitoring from 2013 (at an assumed cost of £20 million per annum) and the BBC World Service from 2014 (at an assumed cost of £227 million per annum) will not directly contribute to any benefit from DTT either.

Advertising revenue

Advertising revenue is based on figures (historical and forecasts to 2015) from PricewaterhouseCoopers,
 with a nominal growth rate of 3% per annum assumed after 2015, and split between technologies based on their shares of TV households. These ratios are assumed to remain stable over time.

DTT costs

DTT opex comprises the following items:

Distribution opex: this cost is calculated based on the number of sites (main transmitters and relays). These numbers of sites are based on actual figures available from Digital UK. The opex per site is set at £360 000 per annum for main transmitters and at £48 000 per annum for relays in 2010, with costs increasing in line with RPI
Programming costs: these costs include baseline programming costs set at 18% of revenue and variable costs linked to the increase in the number of SD and HD channels available. An uplift of 10% (progressively decreasing) is applied to take into account the premium paid for HD channels
· Other opex: this cost is set at 10% of revenue.
DTT capex comprises the following items:

Capex for new sites: this cost takes into account the building of new sites, with unit costs of £230 000 for main transmitters and £190 000 for relays in 2010
Distribution costs per site: set at £28 000 for main transmitters and £24 000 for relays in 2010
Replacement costs: corresponding to 7% of cumulative capex per annum

· Marketing and communication costs related to the switchover process: estimated at £600 million
 and split between 2010 (10%), 2011 (30%) and 2012 (60%).
DTH costs

DTH opex comprises the following items:

· Programming costs: these are set at 36% of DTH revenue, in line with actual figures from BSkyB

· Costs for satellite capacity: these are based on the number of SD and HD channels available, with a unit cost that rises in line with inflation. SD channel unit costs are set at £500 000 per year and HD channel unit costs are set at £2 million per year. Historical figures thus calculated are in line with BSkyB published results for 2009 and 2010
· Other opex: this includes client management, marketing and G&A costs, and is set at 38% of revenue in 2011 (declining to 35% in 2021).

DTH capex is estimated at 7.5% of DTH revenue (BSkyB states in its reports that it aims to maintain annual capex at around 6.5% of revenue, although this has been exceeded in recent years).

B.5.4 Producer surplus calculations

Producer surplus is calculated using the formula:
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We have calculated annual values for 2011 so that they can be compared with the findings of the 2006 Europe Economics study. We have also compared our figures against the results of the 2006 study, updated for the change in RPI between 2006 and 2011. Finally, we provide calculations of the net present value of the cumulative producer surplus over a ten-year period from 2012 to 2021. The net present value is calculated by assuming a discount rate of 3.5% per annum (i.e. the same as in the consumer surplus calculation).

B.5.5 Detailed results from the broadcast TV model

In addition to the overview of the results presented in Section 4.3.1, Figure B.33 below shows our results for 2011, and compares them against the results of the 2006 study (a) as originally presented, and (b) increased in line with the percentage change in RPI from 2006 to 2011. We also show a net present value (NPV). The discount rate used is the same as for public mobile. 

Figure B.33: Surplus from TV broadcasting [Source: Analysys Mason, 2012]

	£ million
	
	2006

	2006
(2011 prices)
	2011
	Real % change
	10-year NPV (2012–2021)

	Consumer surplus
	DTT

DTH

Total
	2 930–5 460

448

3 380–5 910
	3 480–6490

532

4 010–7 020
	5 320

914

6 230
	-3%–53%

72%

-11%–55%
	60 700

11 900

72 600

	Producer surplus
	DTT

DTH

Total
	-

-

232
	-

-

275
	454

1 010

1 460
	431%
	2 940

10 500

13 400

	Direct welfare benefits (consumer + producer surplus)
	DTT

DTH

Total
	-

-

3 610
	-

-

4 290
	5 770

1 920

7 690
	79%
	63 600

22 400

86 000


Note: all results have been rounded to 3 significant digits.

We have not included the cost of TV sets in the consumer surplus calculation (nor was it included in the 2006 study). According to European Information Technology Observatory reports, £3.65 billion was spent on TV sets in the UK in 2011, which is equivalent to 59% of the consumer surplus for 2011 (the corresponding expenditure for 2006 was £3.9 billion, which was 115% of the adjusted consumer surplus).

The results of the sensitivity based on lower willingness to pay for DTT are compared with the base case in Figure B.34; this is then added to DTH, and the resulting overall range of surplus from TV broadcasting is shown in Figure B.35.

Figure B.34: Sensitivity analysis of surplus from DTT [Source: Analysys Mason, 2012]
	£ million
	DTT Scenario a (base case)
	           DTT scenario b

	
	2011
	NPV
(2012–2021)
	2011
	NPV
(2012–2021)

	Consumer surplus
	5 320
	60 700
	4 290
	49 300

	Producer surplus
	454
	2 940
	454
	2 940

	Direct welfare benefits
(consumer + producer surplus)
	5 770
	63 600
	4 740
	52 200


Note: all results have been rounded to 3 significant digits.
Figure B.35: Surplus from DTH and resulting range of surplus from TV broadcasting [Source: Analysys Mason, 2012]
	£ million
	DTH
	       DTT + DTH

	
	2011
	NPV
(2012–2021)
	2011
	NPV
(2012–2021)

	Consumer surplus
	914
	11 900
	5 208–6 230
	61 200–72 600

	Producer surplus
	1 010
	10 500
	1 460
	13 400

	Direct welfare benefits
(consumer + producer surplus)
	1 920
	22 400
	6 678–7 690
	74 700–86 000


Note: all results have been rounded to 3 significant digits.

B.6 Broadcast radio model

B.6.1 Consumer surplus

In order to calculate the consumer surplus from radio broadcasting we have considered the growth in radio listeners and adjusted the willingness to pay information from the 2006 study to reflect the increase in RPI since 2006.

We have calculated consumer surplus as follows:

[image: image84.png]willingness to pay per person X number of radio listeners
>





We did not subtract the cost of a TV licence, as there is no requirement for radio listeners to purchase a TV licence, and because licence fee revenue is taken into account in the consumer surplus calculation for TV broadcasting including it here would result in double-counting.

B.6.2 Producer surplus

We have calculated producer surplus using the same accounting methodology as for the 2006 study. This involves calculating the economic cost for each producer by considering the producer’s assets over a number of years and then subtracting this from revenue to calculate a producer surplus for the current year (2011 in our case). This is then projected forward to 2021 by assuming the same producer surplus CAGR over the forecast period as was seen between 2006 and 2011. For public companies, accounts were obtained from annual reports, whilst we obtained the accounts of privately held companies from Companies House.

The economic cost of a company considers the fact that the producer’s capital is tied up in assets which it requires to provide a service, and there are potentially alternative uses for this capital, such as investing in bonds. This cost of capital is given as:
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The economic cost is thus a measure of the additional value created by employing this capital for producing, as opposed to using it for these alternative uses. In practical terms, the cost of capital consists of the cost of labour, goods sold (e.g. the cost of making radio programmes), equipment, buildings and machinery, and stock. There are a number of adjustments that must be made to these figures:

· Values from company accounts from year to year are given in nominal terms, hence the figures must be adjusted for RPI in order to extract the real changes in capital

· Balance sheets generally show the value of tangible assets as the historical cost minus an accounting allowance for depreciation, and so this figure does not accurately represent the true economic cost of the asset. In order to calculate the true economic cost, it is necessary to study the level of investment over a longer period (where possible, we have considered five years), whilst taking into account the service life of an asset.

The cost of economic stock is then given as:
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This is the value that the capital employed could have earned if it had been put to the next best use, minus depreciation. The economic cost follows as:
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This is subtracted from the revenue in that year to give producer surplus. More detail of the methodology can be found in the 2006 paper published by Ofcom.

We have considered the company accounts of the main commercial radio broadcast companies (Global Radio UK, UTV Radio, Bauer Radio,
 UBC Media Group, Tindle Radio Group, Litt Corporation and UKrd Group Ltd).
 Based on the revenue that these companies earn from radio broadcasting, we believe that they represent 92% of the UK radio broadcast market. The total producer surplus is scaled up by a factor of 100/92 to take into account the remaining 8% of the market.

B.6.3 Detailed results from the broadcast radio model

Figure B.36 shows a breakdown of consumer and producer surplus from radio broadcasting.

Figure B.36: Surplus from radio broadcasting [Source: Analysys Mason, 2012]

	£ million
	2006
	2006
(2011 prices)
	2011
	Real % change
	10-year NPV (2012–2021)

	Consumer surplus
	1 600
	1 900
	2 700
	42%
	25 800

	Producer surplus
	300
	356
	346
	-3%
	2 780

	Total surplus
	1 900
	2 260
	3 050
	35%
	28 600


B.7 Other uses of spectrum

B.7.1 Consumer surplus

For fixed links, satellite and PMR, we have updated the consumer surplus results from the 2006 study by considering the change in the number of licences (based on the most recently available data from Ofcom: May 2012 for fixed links and satellite, and December 2008 for PMR), and the increase in benefit per licence. In the absence of any new data on willingness to pay, this has been calculated by considering the change in benefit per licence between the 2000 and the 2006 studies, and assuming a similar CAGR between 2006 and 2011. The 2000 study calculated the benefit per licence as follows:

The benefit per fixed link was calculated as the saving from using a fixed link instead of a landline

The benefit per satellite link was defined as the saving made when using a satellite link over the next best alternative communications method

The benefit from each PMR licence was determined by commissioning new primary research which involved surveying PMR licence holders.

Whilst we have taken into account the change in the number of licences between 2011 and 2006 (and indeed 2000), we recognise that the way Ofcom collects and categorises licences may have changed, and thus the observed reduction in licences may not actually be as substantial in reality. It is therefore possible that our estimates of consumer surplus from these spectrum uses are on the conservative side.
B.7.2 Producer surplus

For satellite, we have used the same accounting methodology as the 2006 study, as described above in Section B.6.2. We have considered the company accounts of Inmarsat and Avanti, as we are not aware of any other satellite operators based in the UK. We note that Inmarsat is more profitable now than in 2006, whilst Avanti (which did not provide satellite service in 2006) was operating at a slight loss in its last published accounts. 

As explained in Section 6.2.1 and Section 7.3, we have not calculated the producer surplus from terrestrial fixed links or PMR.

B.7.3 Detailed results for other spectrum uses

The following tables show the consumer and producer surplus from terrestrial fixed links, satellite links and PMR.

Figure B.37: Surplus from terrestrial fixed links [Source: Analysys Mason, 2012]

	£ million
	2006
	2006 (in 2011 prices)
	2011
	Real % change
	10-year NPV (2012–2021)

	Consumer surplus
	3 880
	4 610
	3 280
	-29%
	22 100


Figure B.38: Surplus from satellite links [Source: Analysys Mason, 2012]

	£ million
	2006
	2006
(2011 prices)
	2011
	Real % change
	10-year NPV (2012–2021)

	Consumer surplus
	2 830
	3 360
	3 000
	-11%
	22 000

	Producer surplus
	-5
	-6
	578
	-
	9 300

	Total surplus
	2 830
	3 350
	3 580
	7%
	31 300


Figure B.39: Surplus from PMR [Source: Analysys Mason, 2012]

	£ million
	2006
	2006
(2011 prices)
	2011
	Real % change
	10-year NPV (2012–2021)

	Consumer surplus
	1 220
	1 450
	2 250
	55%
	19 200


Annex C List of abbreviations

	Acronym
	Definition

	2G
	2nd generation wireless communication system

	3GPP
	3rd Generation Partnership Project

	3G
	3rd-generation wireless communication system

	4G
	4th-generation wireless communication system

	AIM
	London Stock Exchange’s international market for smaller growing companies

	AIP
	Administered Incentive Pricing

	AM
	Amplitude Modulation radio

	ANDSF
	Access Network Discovery and Selection Function

	ASA
	Authorised Shared Access

	ASPU
	Average Spend Per User

	B2C
	Business-to-Consumer

	BIS
	Department for Business Innovation and Skills

	C Band
	A satellite communications band defined as the 4–8GHz band by the Radio Society of Great Britain

	CAA
	Civil Aviation Authority

	CAGR
	Compound Annual Growth Rate 

	Capex
	Capital expenditure

	CCTV
	Closed Circuit Television

	CEPT
	European Conference of Postal and Telecommunications Administrations

	CoGS
	Cost of Goods Sold

	DAB
	Digital Audio Broadcasting

	DC-HSPA
	Dual-Cell HSPA

	DCMS
	Department for Culture, Media and Sports

	DECC
	Department of Energy and Climate Change

	DECT
	Digital Enhanced Cordless Telecommunications

	DMB
	Digital Multimedia Broadcasting (video and multimedia technology based on DAB)

	DMR
	Digital Mobile Radio

	DRAP
	Digital Radio Access Plan

	DTH
	Direct To Home (satellite TV)

	DTT
	Digital Terrestrial Television

	DVB-T
	Digital Video Broadcasting – Terrestrial (European-based consortium standard for broadcast transmission of digital terrestrial TV)

	DVD
	Digital Versatile (or Video) Disk

	EC
	European Commission

	ECC
	European Communications Committee

	EHF
	Extra High Frequency radio

	EITO
	European Information Technology Observatory

	EPC
	Evolved Packet Core

	EPG
	Electronic Programme Guide

	ETSI
	European Telecommunications Standards Institute

	EU
	European Union

	EUMETSAT
	European Organisation for the Exploitation of Meteorological Satellites

	FAT
	Frequency Allocation Table (official document showing which frequencies are allocated to whom and for what purpose)

	FCC
	Federal Communications Commission (US regulator)

	FDD
	Frequency-Division Duplex

	FM
	Frequency Modulation radio

	GDP
	Gross Domestic Product

	GE-06
	ITU Geneva 2006 Plan

	GHz
	Gigahertz

	GMDSS
	Global Maritime Distress and Safety System

	GPRS
	General Packet Radio Service

	GPS
	Global Positioning System

	GSM
	Global System for Mobile Communications

	GSM-R
	GSM railways

	HD
	High Definition

	HF
	High Frequency radio

	HH
	Households

	HSPA
	High-Speed Packet Access

	HSPA+
	Evolved High-Speed Packet Access

	IEEE
	Institute of Electrical and Electronic Engineers

	ICAO
	International Civil Aviation Organization

	IMO
	International Maritime Organisation

	IMT
	International Mobile Telecommunications programme

	IP
	Internet Protocol

	IPTV
	Internet Protocol TV

	ITU 
	International Telecommunication Union

	ITU-R
	Radiocommunications sector of the International Telecommunications Union

	Ka Band
	A satellite communications band defined as the 26.5–40GHz band by the Radio Society of Great Britain

	Ku Band
	A satellite communications band defined as the 12–18GHz band by the Radio Society of Great Britain

	JFMG
	Joint Frequency Management Group

	L Band
	A satellite communications band defined as the 1–2GHz band by the Radio Society of Great Britain

	LRIC
	Long-Run Incremental Cost

	LSA
	Licensed Shared Access

	LTE
	Long-Term Evolution technology (often referred to as ‘4G’)

	MBAN
	Medical Body Area Network

	MBMS
	Multimedia Broadcast/Multicast Service

	M2M
	Machine-to-Machine 

	MB
	Megabyte

	Mbit
	Megabit

	MBB
	Mobile Broadband

	MF
	Medium Frequency radio

	MFN
	Multiple-Frequency Network

	MHz
	Megahertz

	MIMO
	Multiple In, Multiple Out

	MOD
	Ministry of Defence

	MSS
	Mobile Satellite Service

	MUX
	Multiplex

	MVNO
	Mobile Virtual Network Operators

	NAR
	Non-Advertising Revenue 

	NATO
	North Atlantic Treaty Organization

	NATS
	National Air Traffic Services

	NFC
	Near Field Communications

	NPIA
	National Policing Improvement Agency

	NPV
	Net Present Value

	Ofcom
	UK’s Office of Communications

	OMX
	Open Mobile Exchange

	Opex
	Operating expense 

	Pact
	UK trade association representing and promoting the commercial interests of independent feature film, TV, digital, children’s and animation media companies

	PAMR
	Public Access Mobile Radio

	PC
	Personal Computer 

	PMR
	Private Mobile Radio (also called business radio)

	PMSE
	Programme Making and Special Events

	PSB
	Public Service Broadcaster

	PwC
	PricewaterhouseCoopers

	RFID
	Radio Frequency Identification

	RPI
	Retail Price Index

	RSA
	Recognised Spectrum Access

	RSPG
	Radio Spectrum Policy Group

	RSPP
	Radio Spectrum Policy Programme

	SD
	Standard Definition

	SDN
	ITV subsidiary which operates DTT Multiplex A in the UK (originally an abbreviation of S4C Digital Networks)

	SFN
	Single-Frequency Network

	ShEx
	Shareholder Executive

	SMS
	Short Messaging Service

	SRD
	Short-Range Device

	UMTS
	Universal Mobile Telecommunications System

	TDD
	Time Division Duplex

	TD-LTE
	Time Division LTE

	TETRA
	Terrestrial Trunked Radio (formerly known as Trans-European Trunked Radio)

	TTCA
	TETRA + Critical Communications Association, formerly known as TETRA Association

	UHDTV
	Ultra High-Definition TV

	UHF
	Ultra High Frequency

	VDSL2
	Very High Speed Digital Subscriber Line version 2

	VHF
	Very High Frequency radio

	VLF
	Very Low Frequency radio

	VoIP
	Voice over Internet Protocol

	VSAT
	Very Small Aperture Terminal

	WiMAX
	Worldwide Interoperability for Microwave Access (IEEE 802.16)

	WISPr
	Wireless Internet Service Provider roaming

	WRC
	World Radio Conference


Total:�£307.4 billion
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Total:�£31.0 billion








Total:�£31.3 billion











� 	In the report we have estimated a range of values for a number of the figures which appear in this table. For clarity this summary table only contains figures representing the more conservative end of each range.


� 	See http://www.4gbritain.org/wp-content/uploads/2012/04/Mobile-Broadband-and-the-UK-Economy-30-April-2012.pdf


� 	RFID: radio frequency identification; M2M: machine-to-machine


� 	See http://stakeholders.ofcom.org.uk/binaries/research/spectrum-research/economic_impact.pdf


� 	See � HYPERLINK "http://stakeholders.ofcom.org.uk/binaries/research/cmr/cmr12/CMR_UK_2012.pdf" �http://stakeholders.ofcom.org.uk/binaries/research/cmr/cmr12/CMR_UK_2012.pdf�


� 	The UK’s first 2G network was launched by Vodafone in July 1992; the first 3G network was launched around ten years later by Three in March 2003; the first 4G network was launched by EE in October 2012.


� 	We calculate a range of values for consumer surplus to reflect the fact that there is considerable uncertainty surrounding the data on one of the key inputs to the consumer surplus calculation, namely how much consumers are willing to pay for mobile voice and data services.


� 	See http://assets.dft.gov.uk/publications/hs2-economic-case-appraisal-update/hs2-economic-case-appraisal-update.pdf


� 	We exclude cable TV as a technology because it does not rely on the use of radio spectrum, although our calculations do consider the use of DTT on secondary TV sets in cable homes. Similarly, we exclude IPTV as a technology but include IPTV homes in our calculations since customers of the main service, BT Vision, still receive broadcast programmes via DTT.


� 	Source: Ofcom Technology Tracker, 1Q 2012 and 1Q 2006.


� 	Source: Analysys Mason, 2012.


� 	Unless otherwise noted, the source for all statistics in this section is: http://stakeholders.ofcom.org.uk/market-data-research/market-data/communications-market-reports/cmr12/


� 	Respondents were asked on a scale of 1 to 10 how addicted they are to their mobile handsets, with 10 representing ‘completely addicted’ and 1 representing ‘not at all addicted’. 41% of respondents recorded a score of 7 or higher.


� 	IMT systems were originally referred to as ‘IMT-2000’ and were considered to be 3G public mobile services; in Europe they were deployed in spectrum in the 2GHz range. Today, IMT (and its successor, IMT Advanced) are considered to include all 3G and 4G mobile services, and operate in a number of frequency bands around the world.


� 	Before operating any equipment in a lightly-licensed band, the user must register with Ofcom and pay a nominal fee. Registration is only refused in exceptional circumstances, but does not grant an exclusive right to use that frequency in the particular location.


� 	Note: the base case does not include Wi-Fi offloading. The direct economic welfare of Wi-Fi is considered separately in Section � REF _Ref329104505 \r \h ��5�.


� 	See http://www.4gbritain.org/wp-content/uploads/2012/04/Mobile-Broadband-and-the-UK-Economy-30-April-2012.pdf


� 	However, there is also a potential downside for the emergency services because they receive unintended calls.


� 	See http://www.gsma.com/spectrum/wp-content/uploads/DigitalDividend/DDtoolkit/economic-impact.html


� 	Source: OneSource. Carphone Warehouse revenue was £1623 million in the 52 weeks to 2 April 2011, Phones4U revenue was £746 million in the 52 weeks to 31 December 2010.


� 	Source: PricewaterhouseCoopers Global Entertainment & Media Outlook, 2011–2015. Original figures reported in USD. We have converted to £ using the average exchange rate for the years in question.


� 	See http://www.newsroom.barclays.com/content/Detail.aspx?ReleaseID=2097&NewsAreaID=2


� 	We use the term handset data to refer to all mobile data usage on handsets and other ‘small screen’ devices and we use the term ‘mobile broadband’ to refer to all mobile data usage on laptops, tablets and other ‘large screen’ devices. Note that Ofcom uses the term handset data to refer only to out-of-bundle handset data revenue.


� 	Carphone Warehouse and Phones4U – which are the two largest independent retailers whose business is mostly mobile-related – collectively employ around 12 000 staff.


� 	See � HYPERLINK "http://stakeholders.ofcom.org.uk/binaries/research/cmr/cmr12/CMR_UK_2012.pdf" �http://stakeholders.ofcom.org.uk/binaries/research/cmr/cmr12/CMR_UK_2012.pdf�


� 	See http://www.publications.parliament.uk/pa/cm201012/cmselect/cmcumeds/454/45407.htm


� 	See http://www.bbc.co.uk/news/entertainment-arts-11572171


� 	See � HYPERLINK "http://stakeholders.ofcom.org.uk/binaries/research/cmr/cmr12/CMR_UK_2012.pdf" �http://stakeholders.ofcom.org.uk/binaries/research/cmr/cmr12/CMR_UK_2012.pdf�


� 	See http://www.publications.parliament.uk/pa/cm201012/cmselect/cmcumeds/454/45407.htm


� 	See http://www.bbc.co.uk/news/entertainment-arts-11572171


� 	See � HYPERLINK "http://stakeholders.ofcom.org.uk/binaries/research/cmr/cmr12/CMR_UK_2012.pdf" �http://stakeholders.ofcom.org.uk/binaries/research/cmr/cmr12/CMR_UK_2012.pdf�


� 	Financial years ending 30 June.


� 	EITO defines hybrid flat-screen TVs as TV sets that support an internet connection (which are also known as connected TVs).


� 	Figures do not include spend on nations and regions output. BBC digital channels includes BBC Three, BBC Four, BBC News Channel, BBC Parliament, CBBC and CBeebies (but not BBC HD). 


� 	See � HYPERLINK "http://www.pact.co.uk/support/document-library/financial-census-and-survey-2012/" �http://www.pact.co.uk/support/document-library/financial-census-and-survey-2012/�


� 	See � HYPERLINK "http://www.pact.co.uk/about-us/news/uk-television-exports-survey-reveals-13-rise/" �http://www.pact.co.uk/about-us/news/uk-television-exports-survey-reveals-13-rise/�


� 	Note that the existing service from BT Vision and the recently launched YouView services are in fact hybrid services that use the internet for catch-up TV but rely on DTT for live TV. For the purposes of our study, households taking these services count as Freeview households.


� 	See � HYPERLINK "http://www.skillset.org/uploads/pdf/asset_14617.pdf?2" �http://www.skillset.org/uploads/pdf/asset_14617.pdf?2�


� 	Quoted in Ofcom Communications Market Report, 2012, � HYPERLINK "http://stakeholders.ofcom.org.uk/binaries/research/cmr/cmr12/CMR_UK_2012.pdf" �http://stakeholders.ofcom.org.uk/binaries/research/cmr/cmr12/CMR_UK_2012.pdf�


� 	See http://downloads.bbc.co.uk/foi/classes/disclosure_logs/rfi20111367_uk_psb_group_employment_query.pdf


� 	See � HYPERLINK "http://www.btplc.com/News/Articles/Showarticle.cfm?ArticleID=FE4E0459-0609-4124-8306-EF17055B7FBA" �http://www.btplc.com/News/Articles/Showarticle.cfm?ArticleID=FE4E0459-0609-4124-8306-EF17055B7FBA�


� 	See � HYPERLINK "http://www.bt.com/static/wa/wifi/pages/findhotspots.html" �http://www.bt.com/static/wa/wifi/pages/findhotspots.html�


� 	See http://my.virginmedia.com/wifi/index.html


� 	This looked at the surplus due to Wi-Fi hotspots in airports, plus the consumer surplus from Wi-Fi use in homes based on the number of broadband homes and an assumption about the choke price for Wi-Fi derived from the ASPU for fixed broadband and an estimated elasticity for fixed broadband.


� 	See http://www.guardian.co.uk/business/2012/mar/13/wifi-mobile-4g


� 	There is a cost to the broadband operator in carrying traffic that is offloaded at peak times. However, this may also drive consumer demand for higher-speed broadband packages, and so it does not necessarily translate into a reduction in producer surplus for fixed broadband operators.


� 	See � HYPERLINK "http://www.etsi.org/deliver/etsi_tr/101500_101599/101557/01.01.01_60/tr_101557v010101p.pdf" �http://www.etsi.org/deliver/etsi_tr/101500_101599/101557/01.01.01_60/tr_101557v010101p.pdf�


� 	See http://www.smartregions.net/default.asp?SivuID=26927


� 	See � HYPERLINK "http://www.idtechex.com/research/articles/rfid-market-reaches-7-67-billion-in-2012-up-17-from-2011-00004585.asp" �http://www.idtechex.com/research/articles/rfid-market-reaches-7-67-billion-in-2012-up-17-from-2011-00004585.asp�


� 	The UK’s DTT network uses multi-frequency network (MFN) configuration, such that individual radio channels are re-used across the country. Channels cannot be re-used in adjacent regions due to the potential for co-channel interference.


� 	See http://www.bis.gov.uk/assets/ukspaceagency/docs/industry/size-and-health-report-oct-2012.pdf


� 	For example, see http://www.spectrumaudit.org.uk/pdf/spectrum_demand.pdf


� 	Very Small Aperture Terminal, to distinguish the antennas from the ‘big dishes’ used by telecoms operators.


� 	The ITU Radio Regulations allocate spectrum on either a primary or a secondary basis. Primary services are afforded protection from interference, whereas secondary services operate on a non-interference, non-protected basis, i.e. they should not interfere with primary users and they cannot claim protection from interference from other licensed transmissions.


� 	Interleaved spectrum is available in different quantifies in different areas of the UK as a result of the multiple frequency network (MFN) configuration used by the terrestrial TV network in the UK, meaning that frequencies used in one geographical area are not re-used in neighbouring areas to avoid interference. These frequencies can, however, be re-used by lower-power systems (such as wireless microphones) on a co-ordinated basis without interfering with TV signals.


� 	See � HYPERLINK "http://stakeholders.ofcom.org.uk/binaries/consultations/london2012/statement/statement.pdf" �http://stakeholders.ofcom.org.uk/binaries/consultations/london2012/statement/statement.pdf�


� 	See http://stakeholders.ofcom.org.uk/binaries/consultations/ddr/quotient_associates1.pdf


� 	See � HYPERLINK "http://ec.europa.eu/information_society/policy/ecomm/radio_spectrum/rspp/index_en.htm" �http://ec.europa.eu/information_society/policy/ecomm/radio_spectrum/rspp/index_en.htm�


� 	We do not have this figure for 2006, but have projected this forward from the 2000 study using a CAGR.


� 	See http://www.spectrumaudit.org.uk/


� 	It should be noted that the MOD needs access to spectrum both in the UK for operational and training purposes, as well as overseas, for operational purposes in areas where the UK armed forces are present. The UK FAT deals only with spectrum allocations used within the UK and so special arrangements are made in order for the MOD to access spectrum in countries where this is required for operational use. 


� 	See http://www.mod.uk/NR/rdonlyres/733C18ED-A59B-4282-BA66-98693FF0D29E/0/spectrum2008_2027.pdf


� 	The MOD’s future demand requirements were previously published in a defence spectrum demand study, available at http://www.mod.uk/NR/rdonlyres/733C18ED-A59B-4282-BA66-98693FF0D29E/0/spectrum2008_2027.pdf


� 	See http://www.mod.uk/DefenceInternet/AboutDefence/WhatWeDo/ScienceandTechnology/Spectrum/


� 	See http://www.eurocontrol.int/content/about-us


� 	See http://www.icao.int/Pages/default.aspx


� 	See http://www.imo.org/About/Pages/Default.aspx


� 	Aeronautical radar and aeronautical navigational aids are excluded from current AIP plans; see paras 1.9 and 1.10 of http://stakeholders.ofcom.org.uk/binaries/consultations/aip_maritime/statement/statement.pdf


� 	Now renamed the TETRA + Critical Communications Association or TCCA.


� 	Met Office: The Public Weather Service’s contribution to the UK economy, May 2007, available at http://www.metoffice.gov.uk/media/pdf/h/o/PWSCG_benefits_report.pdf 


� 	Impact on UK from pollution of spectral wavebands used for meteorological observing, July 2006, available at http://rspg.groups.eu.int/_documents/consultations/comments_scientific_use/rep_met_office.pdf


� 	The case for EPS/Metop Second Generation: Cost Benefit Analysis, December 2011.


� 	This forecast accounts for a proportion of traffic being offloaded to Wi-Fi and excludes M2M connections.


� 	See http://www.cisco.com/en/US/solutions/collateral/ns341/ns525/ns537/ns705/ns827/white_paper_c11-520862.html


� 	See http://www.atkearney.com/index.php/Publications/the-internet-economy-in-the-united-kingdom.html


� 	For example, see http://press.kelkoo.co.uk/britons-biggest-mobile-shoppers.html


� 	For example, see http://www.oracle.com/us/products/applications/057129.pdf


� 	As in Ofcom’s recent decision to permit Everything Everywhere to refarm some of its 1800MHz spectrum for LTE; see http://media.ofcom.org.uk/2012/08/21/ofcom-allows-everything-everywhere-to-use-existing-spectrum-for-4g/


� 	The LTE standard has two modes of operation – frequency division (FD) LTE that uses paired spectrum, and time division (TD) LTE that uses unpaired spectrum. 2G/3G spectrum is paired and so well suited to HSPA+ or FD-LTE use. The 800MHz band is also paired, and the 2.6GHz band comprises paired and unpaired blocks, which can be used for FD-LTE and TD-LTE respectively. The spectrum that the MOD is planning to release in the 2.3GHz and 3.4GHz bands is expected to be configured as unpaired bands, for TD-LTE use. However, a harmonised European band plan has not been finalised by either band, although an ECC Decision for the 3.4GHz band suggests TD-LTE use (but with FD-LTE as an alternative).


� 	Multiple In, Multiple Out.


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


� 	Femtocells are low-power, small cellular base stations, designed for use within business premises or in the home. 


� 	The 850MHz band partially overlaps with the 900MHz band, as well as with the European 800MHz band, and has been used in some other world regions (e.g. parts of Asia, the Middle East, Africa and the Americas) but not in Europe.


� 	Bangladesh, China, the Republic of Korea, India, Japan, New Zealand, Papua New Guinea, the Philippines and Singapore.


� 	See http://circa.europa.eu/Public/irc/infso/rspg/library?l=/public_documents/rspg_february_2012/rspg12-415_broadband/_EN_1.0_&a=d


� 	In the UK, the 1452–1492MHz band has already been released through an auction. Any new harmonisation action would therefore be reflected in new technical licensing conditions in the existing licence.


� 	See http://www.acma.gov.au/WEB/STANDARD/pc=PC_410368


� 	See � HYPERLINK "http://ec.europa.eu/information_society/policy/ecomm/radio_spectrum/_document_storage/%20other_docs/inventory_" �http://ec.europa.eu/information_society/policy/ecomm/radio_spectrum/_document_storage/ other_docs/inventory_� workshop_20120510/20120510_inventory_workshop_invitation.pdf


� 	The MOD has already identified the 1.4GHz band as a candidate for shared use with other users.


� 	Source: European Information Technology Observatory, December 2011.


� 	See http://www.pocket-lint.com/news/45657/bbc-london-2012-olympics-apps-announced


� 	See http://www.cisco.com/en/US/solutions/collateral/ns341/ns525/ns537/ns705/ns827/white_paper_c11-520862.html


� 	These issues are further discussed in Ofcom’s consultation document on a strategy for UHF bands IV and V, available at http://stakeholders.ofcom.org.uk/binaries/consultations/uhf-strategy/summary/spectrum-condoc.pdf


� 	See http://stakeholders.ofcom.org.uk/broadcasting/radio/coverage/dab-coverage/


� 	One multiplex can carry 8-11 standard definition channels, depending on coverage and quality requirements. 


� 	Passpoint is the certified programme from the Wi-Fi Alliance, based upon the Hotspot 2 standard, which will simplify connection to Wi-Fi hotspots by certifying devices so that they are automatically able to identify and join Wi-Fi networks, rather than requiring users to complete a manual login process.


� 	Remote connection to electricity, gas and water meters, both for meter reading and for remote demand management.


� 	Source: Analysys Mason Research.


� 	See http://stakeholders.ofcom.org.uk/binaries/spectrum/spectrum-policy-area/spectrum-management/research-guidelines-tech-info/interface-requirements/IR_2030.pdf


� 	See http://stakeholders.ofcom.org.uk/binaries/consultations/spectrum-review/annexes/report.pdf


� 	The cost of capacity: Mobile backhaul worldwide, Analysys Mason Research, February 2011


� 	Communications satellites typically have two sets of radio links: the service links provide communication between the satellite and the end users, while the feeder links provide communication between the satellite and one or more central ground stations, which are used to uplink TV channels in the case of DTH broadcast satellites and provide the connection to the internet in the case of broadband satellites.


� 	Doppler shift is the change in frequency of a wave for an observer moving relative to its source. A Doppler shift in sound waves is commonly heard when a vehicle sounding a siren approaches, passes, and recedes from an observer. The received frequency is higher (compared to the emitted frequency) during the approach, it is identical at the instant of passing by, and it is lower during the recession.


� 	See http://stakeholders.ofcom.org.uk/binaries/research/technology-research/specestimate.pdf


� 	See http://stakeholders.ofcom.org.uk/binaries/consultations/872-876/summary/872-876.pdf


� 	The European Communications Committee (ECC) of the European Conference of Postal and Telecommunications Administrations (CEPT) publishes a European Table of Frequency Allocations, containing the latest information on European harmonised frequency allocations. The European frequency allocation table can be found at http://www.erodocdb.dk/docs/doc98/official/pdf/ERCRep025.pdf


� 	Decision No 243/2012/EU establishing a multiannual radio spectrum policy programme, 14 March 2012.�� HYPERLINK "http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2012:081:0007:0017:EN:PDF" �http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2012:081:0007:0017:EN:PDF�


� 	Digital dividend refers to the spectrum released from analogue television switch-off, as a result of migration from analogue to digital terrestrial television (DTT), Originally a national concept, European countries harmonised their digital dividends in the 800MHz band following a decision at the ITU World Radio Conference in 2007 (WRC-07) to create a mobile allocation, co-primary with broadcasting, in the 790-862MHz band. This was subsequently harmonised in Europe by the EC through Decision 2010/267/EU.


� 	See � HYPERLINK "http://ec.europa.eu/information_society/policy/ecomm/radio_spectrum/get_involved/activities/index_en.htm" �http://ec.europa.eu/information_society/policy/ecomm/radio_spectrum/get_involved/activities/index_en.htm� #ongoing_consultations


� 	See http://www.culture.gov.uk/images/publications/Spectrum_Release.pdf


� 	For example: Ofcom (2006), Digital Dividend Review – Annexes, p.134–5 � HYPERLINK "http://stakeholders.ofcom.org.uk/binaries/consultations/ddr/statement/ddrannex.pdf" �http://stakeholders.ofcom.org.uk/binaries/consultations/ddr/statement/ddrannex.pdf�; Commission for Communications Regulation (Ireland) (2011), Strategy for Managing the Radio Spectrum 2011–2013, p.10. � HYPERLINK "https://www.comreg.ie/_fileupload/publications/ComReg1189.pdf" �https://www.comreg.ie/_fileupload/publications/ComReg1189.pdf�


� 	RPI forecasts are sourced from the Government’s Office for Budget Responsibility.


� 	See http://stakeholders.ofcom.org.uk/binaries/research/cmr/cmr12/CMR_UK_2012.pdf


� 	Quoted in CSMG (2012), Nationwide Population Coverage for the Third Network in Norway: Socio-Economic Cost Benefit Analysis, March 2012, available at � HYPERLINK "http://www.npt.no/ikbViewer/Content/138886/120606%20BILAG%201%20CSMG%20response%20to%20Telenor's%20comments%20%5btil%20PT%5d%20%5boffentlig%5d.PDF" �http://www.npt.no/ikbViewer/Content/138886/120606%20BILAG%201%20CSMG%20response%20to%20Telenor's%20comments%20[til%20PT]%20[offentlig].PDF�


� 	Alptekin, Levine and Rickman (2007), Estimating Spectrum Demand for the Cellular Services in the UK, University of Surrey, December 2007, available at http://www.surrey.ac.uk/economics/research/groups/radiocommunicationgroup/workingpapers/estimatingspectrumdemand.pdf.


� 	Jerry Hausman (1999), Efficiency Effects on the U.S. Economy from Wireless Taxation, available at � HYPERLINK "http://www.nber.org/papers/w7281" �http://www.nber.org/papers/w7281�


� 	Ward and Woroch (2010), The Effect of Prices on Fixed and Mobile Telephone Penetration: Using Price Subsidies as Natural Experiments, available at � HYPERLINK "http://www.gcbpp.org/files/Wireless41909/Woroch_Effect.pdf" �http://www.gcbpp.org/files/Wireless41909/Woroch_Effect.pdf�


� 	Ingraham and Sidak (2004), Do States Tax Wireless Services Inefficiently? Evidence on the Price Elasticity of Demand. The US examples are all quoted in Matthew Mitchell and Thomas Stratmann (2012), Wireless Taxes and Fees: A Tragedy of the Anticommons, Mercatus Center, George Mason University, available at � HYPERLINK "http://mercatus.org/publication/wireless-taxes-and-fees-tragedy-anticommons" �http://mercatus.org/publication/wireless-taxes-and-fees-tragedy-anticommons�


� 	See, for example, CSMG (2012), Nationwide Population Coverage for the Third Network in Norway. It should be recognised, however, that estimating the choke price from a point elasticity is a crude approach, and the formula presented will tend to produce a conservative estimate of choke price.


� 	Ofcom (2012), Securing long term benefits from scarce spectrum resources: A strategy for UHF bands IV and V, available at http://stakeholders.ofcom.org.uk/binaries/consultations/uhf-strategy/summary/spectrum-condoc.pdf


� 	We also note that the demand curve appears to be relatively straight from £20 to £40, and if this portion of the demand curve is extrapolated, it crosses the y-axis at around £50. Given that we calculated consumer surplus by assuming a straight-line demand curve, taking a value of £50 for the choke price also helps to ensure that we calculate a conservative estimate of the consumer surplus, whereas assuming a higher choke price may lead to an aggressive estimate of consumer surplus.


� 	The survey did not address handset subsidies, but since respondents were being asked about their total monthly expenditure, we think it is reasonable to assume that postpaid subscribers would consider the amount they pay including handset subsidies, and hence the amount of subsidy (and voice ASPU) should be subtracted to estimate willingness to pay for the data component.


� 	Srinuan, Srinuan and Bohlin (2011), The Mobile Broadband and Fixed Broadband Battle in Sweden: Complementary or Substitution?, available at � HYPERLINK "http://cadmus.eui.eu/handle/1814/17976" �http://cadmus.eui.eu/handle/1814/17976�


� 	2G services were launched in the UK in 1992, 3G services were launched in 2003 and 4G services were launched in 2012.


� 	Examples may include mobile music services and mobile money.


� 	See http://www.ofcom.org.uk/static/wmctr/


� 	See http://stakeholders.ofcom.org.uk/binaries/consultations/award-800mhz/summary/combined-award-2.pdf


� 	See http://www.cisco.com/en/US/solutions/collateral/ns341/ns525/ns537/ns705/ns827/white_paper_c11-481360.pdf


� 	We do not have data for 2008; Cisco usage per device was derived by considering Cisco’s forecast for total data usage in Western Europe and Analysys Mason’s forecast of number of the subscribers in Western Europe.


� 	Around 50% for Everything Everywhere, and 70% for Vodafone.


� 	This looked at the surplus due to Wi-Fi hotspots in airports, plus the consumer surplus from Wi-Fi use in homes based on the number of broadband homes and an assumption about the choke price for Wi-Fi derived from the ASPU for fixed broadband and an estimated elasticity for fixed broadband.


� 	Examples include primary research by comScore or Mobidia.


� 	Source: BT Openzone Hotspot locator.


� 	Source: Analysys Mason Research.


� 	Our benchmarks range from around £0.5 to £2.0 per GB, although we expect this to reduce over the forecast period.


� 	We recognise that the UK has a small pay-DTT market, but given the low number of subscribers and lack of accurate data on subscriber numbers, ASPU and willingness to pay, we took the conservative approach of not considering pay DTT in the calculations.


� 	See http://stakeholders.ofcom.org.uk/market-data-research/market-data/communications-market-reports/cmr12/tv-audio-visual/


� 	Global entertainment and media outlook: 2011–2015.


� 	Actual prices range from £20 to over £200.


� 	This is originally sourced from the BBC’s 2004 study, Measuring the Value of the BBC and HD TV: A Deliberative Research Project by Human Capital, 2006.


� 	BSkyB’s key performance indicators state that in 2Q 2012 4.3 million out of 10.3 million TV customers subscribed to the HD Pack at an additional cost of £10.25 per month.


� 	Global entertainment and media outlook: 2011–2015.


� 	See http://www.marketingmagazine.co.uk/news/610312/Cost-digital-switchover-support-set-hit-600m/ £600m


� 	There are some methodological differences between our approach and the approach used in the 2006 study. We have therefore adjusted the 2006 results to take account of these differences, and have presented a range of results to take into account the methodological differences. The top of the range includes the additional surplus from households with more than one TV set.


� 	This is originally sourced from the BBC’s 2004 study, Measuring the Value of the BBC.


� 	This is assumed to be 31 years, as taken from figures in the OECD’s International Sectoral Database (ISDB).


� 	See http://stakeholders.ofcom.org.uk/binaries/research/spectrum-research/economic_impact.pdf


� 	Estimate based on revenue, due to limited availability of company account information.


� 	We assume that BBC Radio does not generate a producer surplus, since the BBC is a not-for-profit organisation. We also assume that community radio does not generate a producer surplus, even if not all licensees are explicitly not-for-profit organisations.






