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Abstract

This study assesses the economic and social impact of repurposing the 700 MHz band for wireless
broadband. It also considers the consequences of repurposing the entire UHF spectrum, as well as
additional flexibility to implement wireless broadband in the sub-700 MHz UHF band. The study
investigates transition costs, broader socio-economic impacts on the affected sectors, and socio-
cultural impacts. The analysis found that repurposing the 700 MHz band would require more efficient
transmission standards and cross-border cooperation to ensure that current level of service can be
maintained without the 700 MHz band. While the flexibility option could yield additional benefits, it is
also important to establish specific technical rules to underpin future levels of investment and
innovation. Finally, all considered options would reduce the amount of spectrum available for PMSE
use, meaning that steps need to be taken to identify alternative spectrum bands.

Sommaire

Cette ®tude sdint®resse " | '"impact ®conomique et
faveur des services haut d®bit sans fil. tEélhe e
totalit® de |l a bande UHF, ainsi gue | a possibil
services 7 |l arge bande en dessous de | a bande 7
transition technologique, les impacts socio-économiques sur les secteurs touchés et les impacts
socioculturels. L'analyse a révélé que le réaménagement de la bande 700 MHz allait nécessiter des
normes de transmission et de coordination transfrontaliére plus efficaces afin que le niveau actuel de
service puisse étre maintenu sans la bande 700 MHz. Bien que la flexibilité puisse apporter des
b®n®fi ces suppl ®mentaires, il est ®gal ement i mp C
capables de soutenir | 6investi s smionsanvisagéds canduisentn o v :

a une réduction du spectre disponible pour les PMSE (services de réalisation de programmes et
d'événements spéciaux), ce qui signifie que des mesures doivent étre prises pour identifier des
bandes de fréquences alternatives pour ces services.
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Executive Summary

Foll owing the publicati on 'ithe Caniniksdon unflertobkhae impacta my
assessment exercise to consider the future of the UHF band (470 7 790 MHz) including the 700 MHz

band (694 i 790 MHz) for use by licensed television broadcasting and wireless broadband services. A
number of policy options were considered to assess their impacts on market players, users and
Member States.

The purpose of this study is to contribute to the impact assessment through the analysis of the costs
and benefits of the various policy options. Our examination has focussed on three specific areas:

A The costs of the repurposing of the band, particularly relating to:

A the re-engineering of the broadcasting networks to deliver the same coverage and content, in
the same quality as at present, without the use of the 700 MHz band;

A the replacement of any receivers by consumers that may be required to support new
broadcasting standards;

A the PMSE industry to replace any radiomicrophones and other wireless audio devices;
A The socio-economic impact to the wireless broadband, broadcasting and PMSE sectors; and
A The socio-cultural impact of any changes resulting from the repurposing of the band.

Our analysis of the current frequency assignments for television services in the UHF band has shown
that, without extensive negotiations between neighbouring countries (which are beginning to take
place), it is not possible to replicate the existing services, coverage and quality without the use of the
700 MHz band. The only way to continue to provide the services is to migrate to newer, more efficient
broadcast technologies or video compression standards (such as DVB-T2 and MPEG-4 or HEVC).
We have calculated the cost of such a transition for all 28 EU Member States. Our analysis has
shown that:

A network costs (e.g. forthere-e ngi neering of t he nemilootr & s(r8ilfog nge
for all 28 EU MS;

A user equipment replacementc 0 st s r an g emilliomtoan W EEN&for DVB-T2/MPEG4
services, anmlliorftroo mi 4lliédIvraDOVT-T2/HEVC services.

A If all television broadcasting in the UHF band is turned off, user equipment costs for an alternative
TVservi ce (e.g. sat elldiliotteo) Orhdiong3e fr om 09. 2

A PMSE equipment replacement costs to operate outside the 700 MHz band r ange fr om
million t o G illiod. If PMSE equipment were to operate outside the whole UHF band, the
PMSE equipment replacement costsr a n g e f rnaoilion td et 5@ Mblidn2

The study also investigated broader socio-economic and socio-cultural impacts on the three main
affected sectors: the wireless broadband sector, the digital terrestrial television (DTT) sector, and the
PMSE sector. Based on existing sources and consultation with key stakeholders, we identified the
following impacts of repurposing of the 700 MHz band for wireless broadband use:

A additional investment and innovation within the wireless broadband sector as a result of
enhancing indoor and rural coverage;

! Results of the work of the High-level group on the future use of the UHF band

© European Union, 2016. All Rights Reserved. Certain parts are licensed under conditions to the EU. Page 6/89
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A reduction of the amount of spectrum available for digital terrestrial television, but no negative
effect on investment and innovation and the quality and diversity of audio-visual content available
on DTT as long as there is a clear long-term commitment to the platform;

A improvement in capacity for wireless broadband consumers, along with improvements in overall
coverage.

Introducing downlink-only wireless broadband in the sub-700 MHz UHF band on a flexible basis is
likely to have a more complex impact:

A potential to provide additional wireless broadband capacity and coverage and contribute to new
means of distributing audio-visual content using LTE-based broadcasting solutions;

A given the potential for further reallocation of spectrum in the sub-700 MHz band, clear
commitment to DTT platform on behalf of the Member States would be important to ensure
continued investment and innovation in DTT, including the funding of DTT content;

A the option also carries a risk of increased fragmentation in the wireless broadband market based
on use on a downlink basis.

A well thought-out regulatory approach is therefore necessary in order to avoid the potential negative
impacts of a flexibility option.

While repurposing the entire UHF band for wireless broadband use would secure considerable
additional spectrum resources for mobile operators, lack of a viable alternative to DTT at this time
means that such an option is not feasible in the short- to medium-term without severely impacting the
existing European audio-visual model and hence the values of media pluralism and cultural diversity
of the sector and the viewers/citizens.

All three options represent a reduction in spectrum availability for PMSE, meaning that PMSE
manufacturers and users will experience a considerable negative economic impact and would
negatively affect the quality of live productions and other audio-visual content relying on PMSE
equipment. Additional efforts will be needed to maintain the current quantity and quality of audio
PMSE operations.
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R®Esum® Ex®cutif

Suite a la publication en 2014 du «Rapport Lamy», la Commission a entrepris une évaluation d'impact

sur l'avenir de la bande UHF (470-790 MHz), y compris la bande 700 MHz (694-790 MHz), et son
utilisation par la radiodiffusion télévisuelle et les services a large bande sans fil. Un certain nombre de
sc®narios ont ®t® envi sag®e s peatifsisun lesdabteurs duBnachHéues r |
utilisateurs et les Etats membres.

Léobjectif de cette ®tude est de contribuer ° I
avantages des différentes options. Not r e anal yse sbéest cnenspéeifiqtes ®e s u

A Les colts du réaménagement de la bande, notamment en matiére de:

A réingénierie des réseaux de radiodiffusion afin d'offrir la méme couverture, le méme contenu,
et la méme qualité de service sans l'utilisation de la bande 700 MHz

A le remplacement des récepteurs TV par les consommateurs, lorsque nécessaire, pour
permettre la réception des signaux selon les nouvelles normes de radiodiffusion

A lindustrie des services de réalisation de programmes et d'événements spéciaux (PMSE) pour
remplacer des microphones sans fil et autres appareils audio sans fil

A L'impact socio-économique au large bande sans fil, la radiodiffusion et des PMSE
A Limpact socioculturel de toutes les modifications résultant de la réorientation de la bande.

Notre analyse des assignations de fréquences actuelles pour les services de télévision dans la bande

UHF a montré que, sans de nouvelles négociations entre pays voisins (qui commencent a avoir lieu),

il nbest pas possi bl e devenueptiaqublité exigants sarss 'usilisation dec e s ,
la bande de 700 MHz. De plus, le seul moyen de continuer de fournir les services est de migrer vers

des nouvelles normes plus efficaces de compression vidéo pour la radiodiffusion (tels que le DVB-T2

et MPEG-4 ou HEVC) . Nous avons donc calcul ® | e co %t
Etats membres de I'UE. Notre analyse a montré que:

A les colts de réseau (par exemple pour la réingénierie des réseaux) vont de 456 a 888 millions
d 6 eur oss2p bBtatsrMerhbees de I'UE;

A les colts de remplacement des équipements des utilisateurs vont de 492 millions a 1,564
milliards dbéeulr2o0s/ pMREG4 eseDWB ces et 1,206 " £
services DVB-T2 / HEVC

A Si tous les services de télévision terrestre dans la bande UHF étaient supprimés, les cod(ts
d'équipements des utilisateurs pour recevoir un service de télévision de remplacement (par
exemple par satellite) vont de 9,2 ° 11,3 mill:@

A les colts de remplacement des équipements PMSE pour fonctionner en dehors de la bande 700

MHz vont de 138 ° 313 millions dbéeuros. Si | e
dehors de toute la bande UHF, les colts de remplacement des équipements iraient de 458
millions & 1,042 milliards do6eur os .

L' ®tude sobest ®gal ement p €cormomiGues et soaioculturels sur lesdrais t s
principaux secteurs concernés: les services sans fil large bande, la télévision numérique terrestre
(TNT), et le secteur des PMSE. En nous fondant sur des sources existantes et sur les informations
recueillies auprés des principaux intervenants, nous avons identifié les impacts suivants :

A investissement accru et innovation dans le secteur des services a large bande sans fil grace a
I'amélioration de la couverture rurale et en intérieur

© European Union, 2016. All Rights Reserved. Certain parts are licensed under conditions to the EU. Page 8/89
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A réduction du spectre disponible pour la télévision numérique terrestre, mais aucun effet négatif
sur l'investissement et l'innovation, la qualité et la diversité du contenu audiovisuel disponible sur
la TNT, du moinsau s s i l ongtemps qudéil y a un engagement
la bande UHF

A amélioration de la capacité pour les consommateurs des services sans fil & large bande, ainsi que
des améliorations marginales de la couverture globale.

L6i nt onodd Liasdns radio descendantes haut-débit, sur une base flexible, en dessous de la
bande 700 MHz, pourrait avoir un impact plus complexe:

A Possibilit® déoffrir de |l a capacit® et de | a <c¢
de nouveaux moyens de distribution audiovisuelle via la technologie LTE

A Etant donn® |l a possibilit® doédun r®am®nagement s
un engagement clair pour les plateformes TNT de la part des états membres sera important pour
per metntvreestli &isement continu et l i nnovation dan
audiovisuel.

A Cette option porte ®galement un risque doéaugmen
d®bit bas® sur | 6utilisation de ce | ien descend

Une approche réglementaire réfléchie est donc nécessaire afin d'éviter les impacts négatifs potentiels
déune approche de flexibilit®.

Bien que le réaménagement de toute la bande UHF en faveur des services a large bande sans fil
libérerait des ressources spectrales considér ab |l e s pour |l es op®rateurs
alternative viable a la TNT signifie que cette option est impossible a court ou moyen terme sans un
impact négatif sévére sur le modele européen de l'audiovisuel, les valeurs de pluralisme des médias,

et la diversité culturelle actuelle du secteur et des téléspectateurs.

Les trois options étudiées conduisent a une réduction du spectre disponible pour les PMSE, ce qui
signifie que les fabricants et les utilisateurs de PMSE subiront un impact économique négatif

i mportant et affectera n®gativement la qualit®
audiovisuels qui font appel aux équipements PMSE. Des efforts supplémentaires seront nécessaires

pour maintenir la quantité et la qualité actuelles des opérations audio PMSE.

© European Union, 2016. All Rights Reserved. Certain parts are licensed under conditions to the EU. Page 9/89
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1 |l ntroducti on

1.1 General

This document represents the finalr eport f or the project SMART
Soci al | mpact of Repurposing the 700 MHz b aTha
project has been conducted for the European Commission by LS telcom and VVA.

1.2 Background

The purpose of this project is to examine the costs and benefits of three potential policy options for
the use of the UHF television broadcasting band between 470 and 790 MHz. It is proposed that part
of this band (694 i 790 MHz, known as the 700 MHz band) should be re-allocated for wireless
broadband (WBB). Three different policy options for this re-allocation have been proposed and have
been analysed in this study. The three different options (known as A, B and C) are complemented by
a zero-case or do-nothing option (option Z) against which the other options have been be compared.
The diagram below illustrates these options graphically.

o O o O o
~ N M <
< < © ©o o

Optionz [ Prmeriy o moadeasing. v g o ey vewoniieiy |
Ostion A Pimant roaduasing, wit imied natonal Tewbily | Wieless sioasband by 2020 |
Ostion & [ pimatyforbradeasing and PWSE wi fomal natonal foibily | Wieless sroasband by 2020 |
OptionC [ Wirless boadband by 2020, i comprehensive coverage oovgaions |

Figure 1: 700 MHz options under consideration
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These three options are described in more detail below.
Option Z:

A No action is taken at EU level and there is therefore flexibility for Member States to implement
DTT or WBB in the UHF band subject to ITU Radio Regulations Article 4.4 restrictions. The EU
will neither take action for a coordinated release of the 700 MHz band nor reserve the sub-700
MHz band for DTT and PMSE; thus, Member States will act independently in both bands.

Option A:

A The 700 MHz band to be exclusively allocated for WBB by 2020 + 2 years in the Union (i.e. the
700 MHz band to be cleared of all broadcasting services by this date);

A A requirement for Member States to ensure appropriate WBB coverage obligations along with
rights of use in the 700 MHz band where such frequency usage rights are awarded, though the
coverage obligation does not necessarily have to be met in the 700 MHz band;

A Sub-700 MHz spectrum reserved for DTT and PMSE in the EU. This measure will constrain the
current possibility envisaged in ITU RR to use the band for wireless broadband;

A A review of the status of broadcasting use of spectrum below 700 MHz by 2025 as envisaged in
the Lamy Report and the RSPG Opinion.

© European Union, 2016. All Rights Reserved. Certain parts are licensed under conditions to the EU. Page 10/89
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Option B:

In the 700 MHz band the same as Option A plus:

A

A

A

Flexibility for MS to implement WBB below 700 MHz (subject to ITU RR Article 4.4 and any future
EU level technical harmonisation measure pursuant to the Radio Spectrum Decision);

Additional regulatory certainty for downlink-only WBB below 700 MHz by explicitly enabling this
(potentially through harmonisation of technical standards using CEPT mandate) and a stronger
definition of the protection of broadcasting;

The flexibility option consists of allowing downlink-only wireless broadband services together with
the DTT and PMSE services in the remaining portion of the UHF spectrum below the 700 MHz
band (i.e. in the range 470 - 694 MHz). Therefore, traditional broadcasting services will co-exist
with downlink-only wireless broadband services (uplink services will not be allowed) provided that
continued access to spectrum for terrestrial broadcasting as a primary user is guaranteed on the
basis of national demand. Broadcasting use would have priority under this option, yet specific
channels or locations not used for terrestrial broadcasting or PMSE could become available for
downlink-only applications depending on national circumstances;

A review of the status of broadcasting use of spectrum below 700 MHz by 2025 as envisaged in
the Lamy Report and the RSPG Opinion.

Option C:

A
A

The entire UHF band allocated to WBB by 2020 + 2 years in the Union;

A requirement for Member States to ensure appropriate WBB coverage obligations along with
rights of use in the 700 MHz and sub-700 MHz bands where such frequency usage rights are
awarded, though the coverage obligation does not necessarily have to be met in the 700 or sub-
700 MHz bands.

In addition, to considering these three options, our analysis has looked at the impact of the choice of
dates on which these options are implemented, for example, the clearance of the 700 MHz band and
the extent to which varying this (e.g. 2020 + 2 years) would have a significant impact.

1.3 Structure of this document

This document has been structured as follows:

A

A

Section 2 considers the options for re-engineering the terrestrial television networks and the costs
associated with clearing the 700 MHz band for broadcasters, users and the PMSE community;

Section 3 considers the socio-economic benefits of the wide-area mobile broadband coverage
that will result from the conditions associated with the use of the 700 MHz band;

Section 4 considers the socio-cultural impact of changes to the broadcasting sector;

Section 5 summarises the conclusions of the report and presents a number of recommendations;
and

Section 6 lists the reference documents used in the preparation of this report.
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2 Quantitative analysis of trans

2.1 Introduction

This chapter documents our analysis of releasing the 700 MHz by re-stacking to channels (i.e. finding
alternative frequencies outside the 700 MHz band) as well as the transition to the successor terrestrial
transmission standard DVB-T2 and more advanced source coding standards MPEG4 (H.264) and
HEVC (H.265). The study analysed the replacement of the current number of programs with
equivalent quality as of the date of the study. This has been done because:

A The information provided by the MS who contributed to the study concerned the current status of
the network, not including future plans;

A There is no official published information concerning future developments on quality (HD, UHD)
and number of programs in the various EU MS;

A Further, it would be unlikely that any future developments (e.g. the introduction of new HD
multiplexes) would be conducted without a consideration of the plans for the 700 MHz band, and
as such would tend to avoid the use of the band, meaning that there would be no additional costs
compared with those necessary to replicate the existing programmes.

Notwithstanding the above, in addition to evaluating a like-for-like replacement, we have considered
the implications of replacing the existing number of programmes with an equivalent HD feed, to
examine the resulting number of multiplexes that would be required.

2.2 Opportunities for restacking

Restacking in this context, means re-organising the frequencies in use at a given site such that it no
longer uses frequencies in the 700 MHz band, by using other assignments at that site that are in sub-
700 MHz frequencies. Though we have found no examples of where this is currently possible based
on the latest published GE06 database (ITU BRIFIC No0.2700), we are aware that many MS are
engaged in several multinational coordination groups such as WEDDIP (Western European Digital
Dividend Implementation Platform) or NEDDIF (North-Eastern Digital Dividend Implementation
Forum), which may result in finding more alternative frequencies in the sub-700 MHz band than our
analysis has identified. Thus our analysis represents a worse case situation with respect to the
potential for countries to be able to continue using existing transmission standards and sites.
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Figure 2: Restacking from 700 MHz to Sub- 700 MHz Band

Repurposing of the 700 MHz band requires the vacation of digital terrestrial TV (DTT) services from
channels 49 to 60. This chapter analyses the possibility of restacking channels currently in operation
in the 700 MHz band to sub-700 MHz frequencies in order to clear the 700 MHz band in the EU
Member States. One aspect of this study is analyse the possibility/difficulty and estimate the effort
required to achieve this repurposing.

In addition to the first Digital Dividend (repurposing of the 800 MHz band), which comprised 9
channels (spectrum from 790 to 862 MHz), the 700 MHz band adds another 12 channels which may
no longer be used for broadcasting. There are now a total of 21 channels, equivalent to about 43% of
the entire UHF spectrum, previously intended for DTT use that could instead be used for WBB.

The basis for the following analysis is the transmitter data of ITU Geneva 06 plan for DTT and the
operational DTT transmitter data which was made available by European TV operators and/or
national regulatory authorities for 19 Member States.

This chapter is subdivided in three parts.
A Analysis of the Geneva 06 Plan data of all 28 EU MS;
Analysis of the received operational transmitter data (19 MS);

A
A Detailed restacking analysis of the operational transmitter data of 5 selected EU MS.
A

The Geneva 06 Plan data are based on the ITU international frequency information circular
(BRIFIC) No. 2799 / 21.07.2015.
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2.2.1 Geneva 06 Plan analyses for the 28 EU countries

The following figure shows the frequency spectrum structure of the GE06 Plan assignments and allotments of the 28 EU countries in the VHF and
UHF frequency range. The UHF band is sub segmented in the 800 MHz band (790 1 862 MHz), 700 MHz band (694 i 790 MHz and sub-700 MHz
(470 - 694 MHz).

7000 7 EU GEOG6 BT entries (Assighments and Allotments)
6000 -
5000 +
4000 = VHF
= 474-694MHz
694-790MHz
3000 = 790-862MHz
2000 -
1000
0 - . . . . . . - . . : . . : . . ; . . . . . - . . - . .
AT BE BG HR CY CcZ DK EE FI FR DE EL HU IE 1T Lv LT LU MT MNL PL PT RO SK Sl ES SE UK

Figure 3: Frequency spectrum structure (GEO6 Plan) of the 28 EU countries
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It is obvious from this chart that the number of GEO6 plan entries differs greatly across the 28 EU Member States. Italy has the most GEO6 Plan
entries followed by Spain. Furthermore countries including Croatia, Germany, Finland, France and Sweden have more GEOQO6 plan entries
compared to the average. Similarly, the number of plan entries in the 700 MHz band differs within the EU.
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2.2.2 Operational DTT data analyses for 19 EU countries

Whi |l st the GEO6 data provides information on each <countryds nqudtauns, we
analysis, where such data has been provided. Operational transmitter data was made available by 19 EU countries; noting that the data set of 1

country has limited parameters. This transmitter data is the basis for comprehensive data analysis concerning the entire UHF band, including the

700 MHz band.

2.2.2.1 Entire DTT spectrum

The following figure shows the frequency spectrum structure based on the total number of the operational assignments in 19 EU countries. The
UHF band is sub divided in the 800 MHz band (790 i 862 MHz) and 700 MHz (694 i 790 MHz) band and the sub-700 MHz band (4701 694 MHz)
to show the distribution of the operating assignments.
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Figure 4: Frequency spectrum structure (operational data) of 19 EU countries (quantity)

In the figure below the percentage distribution of the operational assignments over the complete frequency range, VHF and UHF is depicted.
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Figure 5: Frequency spectrum structure (operational data) of 19 EU countries (in %)

It is notable that the lower VHF range is not heavily used for terrestrial digital TV. In only 4 of the investigated 19 EU member states are
assignments in the VHF range in operation. In most EU countries this frequency range is commonly used for digital audio broadcasting. The 800
MHz band is completely released as expected. The green bar, representing the operational assignments in the 700 MHz range provides an
indication of the necessary restacking effort in case of clearance of the band and a view of the significant differences across the EU.
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2.2.2.2 Level of impact in repurposing of the 700 MHz band

An indicator for the level of impact of repurposing the 700 MHz band is the ratio of 700 MHz
assignments in operation compared with the entire number of DTT operational assignments.

The number of channels in the 700 MHz band as a ratio of the humber of all UHF channels results in
the average expected value for the level of impact in repurposing of the 700 MHz band for wireless
broadband services. The theoretical reference value is 30% as the concerned 12 channels in the 700
MHz band are 30% of the total 40 remaining channels in the UHF band (4707 790 MHZz)

The average of the 19 countries leads to a value of 30.2%, which is fully in line with the theoretical
value of 30%.

Countries with a larger than average ratio will be more affected by the repurposing of the 700 MHz
band and are indicated with the red colour in the figure below. Countries with a lower than average
ratio, are indicated in green.

An additional indicator for the level of impact in repurposing is given by the transmitter power structure
of the DTT network in operation given that it is usually more difficult to find new channels for high
power sites than for transmitters radiating with low power.
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Figure 6: Level of impact in repurposing 700 MHz band related to an average of 30%

The chart clearly illustrates that the level of impact differs widely. Portugal, running a nationwide network mainly in the 700 MHz band, is heavily
affected whereas Luxembourg has no transmitter on air in the 700 MHz band.
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The following figure depicts the transmitter power (ERP) structure of the 700 MHz band operational assignments of 18 EU countries.

EU Assignments
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1 1 1 1
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80% | 2
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Figure 7: 700 MHz transmitter power (ERP, operational data) structure of 18 EU countries

The radiated power is split in 3 classes. Low power below 1 kW ERP (blue), medium power between 1 kW and 20 kw ERP (brown), high power
above 20 kW ERP (green). Again, the variety is clearly visible with, for example, Germany, Latvia or Croatia having networks mainly based on

medium and high power sites while Finland, Italy or Spain rely more on low power transmitters.

*) The available operational data for France does not include transmitter power. Luxemburg does not operate digital TV within the 700 MHz band.
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2.2.3 Selection of EU countries for detailed analyses

A detailed investigation of the possibility of replacing the present DTT assignments in the 700 MHz
band by available GEO6 frequency resources below channel 49 has been conducted for a selection of
representative EU countries. In addition to extensive restacking investigations a model for estimating
the costs for repurposing the 700 MHz band for wireless broadband services in the European Union in
these countries has been developed.

The selection of representative countries was based on the criteria described below. A number of
countries were identified as outliers and are therefore not ideal for assessment:

A Luxembourg is not good candidate as it has no assignments in the 700 MHz band
A Portugal is not a good candidate as it has almost 100% of its assignments in the 700 MHz band

A ltaly is not a good candidate as it has over 20 multiplexes and more than 20,000 DVB-T
assignments on air, which is far and above those in any other EU MS (for which the average is
around 4 to 5 multiplexes and 1800 DVB-T assignments)

From the remaining countries, a few have been selected to represent 6 t y psituatins diseful for the
analysis. Three key criteria were considered to select representative countries with respect to the
difficulty of re-staking or re-engineering their DTT network:

A Whether the country is topographically flat, mixed or particularly hilly. Countries with hilly terrain
will require more sites and gap fillers than flat countries;

A The number of (mainly national) multiplexes on air. A country with a large number of multiplexes
will face different problems to those with just a few;

A Countries with a higher proportion of their assignments in the 700 MHz band will face greater
difficulties to find alternative frequencies than those with a lower proportion.

Amongst countries for which operational data was available, we have selected the following countries
for more detailed analysis:

A Finland comprises mixed flat/hilly terrain and thus sits at the centre of this axis. It does, however,
have a higher than average number of multiplexes on air but is relatively low on the scale of
countries needing to re-farm 700 MHz assignments;

A Germany is again a mixed flat/hilly country. It is at the lower end of the number of national
multiplexes and at the lower end of those needing to re-farm the 700 MHz band. It is a larger
country in geographic and population terms;

A Greece is a country with a more hilly terrain structure, has a slightly higher than average number
of multiplexes (the average excluding Italy is about 4) and is at the lower end of countries with
assignments in the 700 MHz band;

A Slovakia is a relatively hilly country and thus a complex network; it has an average number of
multiplexes and is also at the upper end of those which need to re-farm assignments from the 700
MHz band. It is a smaller country in geographic and population terms;

A Spain has a large DTT transmitter network. Terrain structure is mixed and the number of
multiplexes is much higher as the average. Concerning the rate of assignments in 700 MHz band
it is close to the EU average.
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The following figure shows how the various EU Member States for which operational data was
available are spread across the country selection criteria. In this figure the colour labels of the
different EU countries mean the following:

A Grey T unsuitable countries
A  Green T chosen countries
A Red i other countries
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Figure 8: Country selection based on Terrain, Number of Multiplexes and % of assignments in the 700 MHz
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The following table shows the five chosen EU countries with their selection criteria.

700 MHz quota (%)

Number of national

Terrain : (number of
multiplexes .
assignments)
Germany
(DE)
Finland ; 9 23%
(F1) > (189)
Slovak 0
Republic P — 4 %37/;
(SK)
6 18%
(214)
8 32%
(2991)

Table 1: Five selected countries

The complex restacking analysis has been conducted for these five representative EU Member
States.

2.2.4 Detailed operational DTT data analyses for the 5 representative EU Member
States

This section details, for each of the five selected EU Member States, the statistical analysis of the
operational DTT transmitter data supplied.

2.2.4.1 Entire DTT spectrum

The following table and figure give an overview of the frequency distribution of the entire DTT
transmitter data for each of the chosen 5 EU countries.
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Table 2: Frequency distribution of the 5 chosen EU countries
EU Assignments

100%

90% +

B0% |

70% +

60%

50% 1

30%

20% 1

10%

0% -

T T T T T
Fl SK DE EL ES Total

Figure 9: Frequency distribution of operational transmitter data in 5 EU countries

W 790-862MHz
™ 694-750MHz
W 474-654MHz
uVHF

As expected, channels above 790 MHz are in operation for DTT services in nhone of these countries.

Of the selected countries, only Finland has VHF channels in use for DTT.

2.2.4.2 700 MHz spectrum i ERP categories

The following table and figure give an overview of the transmitter power structure of the transmitter

data in the 700 MHz band for each of the chosen 5 EU countries.
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- A\|[ (ass.)
Country No (ass.)_ % No (ass,) % No (ass,) %

Table 3: Transmitter power structure in the 700 MHz band of the 5 chosen EU countries
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Figure 10: Transmitter power structure (ERP) in the 700 MHz band for the 5 EU countries

The figure above illustrates the differences in network power structure of the different EU countries.
Germanyo6s networ k i s b angtegdwhile courttriesglike Fipland and especialyn s
Spain rely more extensively on low power transmitters. Also the Greek DTT network is more based on
low and medium power transmitters. In this respect Slovak Republic represents a more equally
proportioned transmitter power distribution.

2.2.5 Restacking analysis for the 5 detailed considered EU countries

A detailed restacking analysis has been performed for the 5 selected EU countries. It was
investigated whether an assignment operating in the 700 MHz band could be replaced by an already
recorded GEOG6 plan assignment or allotment below channel 49 which is not yet in use, that is to say,
whether the service could continue to operate with no significant changes (e.g. coverage,
transmission standard) other than its frequency. The opportunities for restacking are therefore
strongly dependent on the currently occupied spectrum (i.e. the number of multiplexes currently
operating).
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The remaining 700 MHz assignments that could not be replaced are listed in the following table in the
col umn i Re st a c-kniondd. high number $ssan indication for increased difficulties in
repurposing of the 700 MHz band.

The block ARestacking successo i s s thefidst blockdosldall i n
assignments into account whereby in the second block only assignments above 1 kW were evaluated.
The replacement of low power assignments (< 1 kW) is usually much easier.

Restacking in the VHF range was taken into account only in case the country already relies on
operation in the VHF band.

) 700 MHz Restacking success
Assignments .
Assignm.

Country "no"

all  >1kw All  >1kW of all

yes in% no in% Ass. yes in% |no in%

Fl 825| 250 189 39| 118|62.4%| 71|37.6%| 8.6%| 18| 46.2%| 21(53.8%| 8.4%
SK 222 118 87 54| 78|89.7% 9/10.3% | 4.1%| 48| 88.9%| 6|11.1%| 5.1%
DE 560| 532 138| 131| 110|79.7%| 28|20.3%| 5.0%|103| 78.6%| 28(21.4%| 5.3%
EL 1184| 436 214 110| 77(36.0% | 137|64.0%|11.6%| 33| 30.0%| 77|70.0%| 17.7%
ES 9226| 456 2525| 112 68| 60.7%| 44139.3%| 9.6%

(*) due to the large number of DTT assignments for Spain the analysis has only been conducted for transmitters with a power of over 1 kW

Table 4: Result of restacking analysis
The following figure depicts the number of 700 MHz assignments in relation to all operational
assignments per country.
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Figure 11: Assignment structure of 5 detailed considered EU countries

The following figure depicts the number of remaining 700 MHz assignments with an ERP above 1 kW
which could not be replaced.

© European Union, 2016. All Rights Reserved. Certain parts are licensed under conditions to the EU. Page 28/89



ECONOMIC AND SOCIAL IMPACT OF REPURPOSING THE 700
MHz BAND FOR WIRELESS BROADBAND SERVICES IN THE EU

80

70 +

g0

so

a0
50+
20+
g =

Finland Slovak Germany Greece Spain
Rep.

Figure 12: 700 MHz restacking failure for 5 detailed considered EU countries (only Tx > 1 KW)

The restacking analysis shows that in all of the EU Member States examined the free frequency
resources are insufficient for all transmitters currently operating in the 700 MHz band to be restacked
to new frequencies below 700 MHz.

Hence, it can be assumed that it is generally not possible to undertake restacking of the 700 MHz
band exclusively by using current available GEO06 frequency resources. Therefore, further
coordination efforts of the regulatory authorities would be necessary to investigate if and how many
additional new channels could be added to the GEO6 plan. We are aware that such a process is
currently underway. Several neighbouring EU MS are engaged in multinational coordination groups
such as WEDDIP (Western European Digital Dividend Implementation Platform) or NEDDIF (North-
Eastern Digital Dividend Implementation Forum).

2.3 Assumptions and Methodology for cost analysis

Where restacking is not possible, the alternative is to increase the efficiency of the present DTT
networks by using more advanced DTT systems with more effective source coding systems. This
section describes the methodology used to determine the transition costs and the corresponding
assumptions.

Note that our calculations are for the costs to the network operators only. There would inevitably be
some additional costs incurred specifically by broadcasters in, for example, advertising the need for
viewers to update their receiver equipment. These costs may be small or may be significant
depending on the specific circumstances of the broadcaster and of the country and broadcaster
concerned. The general socio-economic impact on broadcasters and other stakeholders is considered
further in section 3 of this report.

2.3.1 Assumptions made in analysing the transition costs

In order to estimate the overall restacking costs or the transition cost from the current terrestrial TV
system to a more advanced DVB-T2 (MPEG4) or DVB-T2 (HEVC) environment; it is important to use
realistic labour and equipment cost. Our cost assumptions are based on information obtained from
industry bodies such as Rohde & Schwarz, Thomson networks, Kathrein as well as LS telcom South
Africa (subsidiary from LS telcom AG) experienced in installation and commissioning of broadcast
transmitters. As mentioned, the costs of migrating to T2/HEVC are made up from a combination of
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equipment costs, which we would expect to fall over the time period, and engineering costs (e.g.
engineering staff), which we would expect to rise. Given the rough balance between these two
different cost elements, we do not believe that the overall costs for these transitions would vary
significantly from year-to-year. Some countries are using DVB-T2, but not exclusively, hence we have
taken account of existing on air DVB-T2 programs when calculating the number of DVB-T2
multiplexes required.

As the assumption was to reflect the currently transmitted content, the number of transmitters which
are required to provide a DVB-T2 (MPEGA4) service and even more a DVB-T2 (HEVC) service is lower
than the existing number of transmitters. This is due to the higher efficiency of the next generation
DTT system and the more sophisticated video compression standards. Therefore, it was important to
define a gain factor, which represents the possible savings in the number of transmitters.

The envisaged transition process would be done in phases, such that one multiplex is converted to
DVB-T2 and MPEG4 or HEVC, followed by the others one after another at discrete intervals.
Consequently, for a certain period of time both existing and future T2/HEVC services would be on air
simultaneously. In the figure below the transitional simulcast approach is depicted.

MUX 1..x

Spectrum Requirement

Reduced content
in simulcast

v

Simulcast Time
Phase

Figure 13: Transitional Simulcast

This O6si mul cast i ngbannelstainale frora theuoider é.g.STptartbe newer (e.g. T2)
multiplexes and thus some services may not be available in both standards at the same time. This
could be partly remedied, in some cases, by reducing the quality of picture on the older network so
that more programmes could be fitted in. Suchar educti on in quality on
to encourage subscribers to adopt the newer standard. It is worth noting that this apparent lack of
service for some channels (e.g. those that are only on the T2 platform where there is not yet full
availability amongst end users of T2 set-top boxes) has a precedent in the analogue to digital switch-
over, where some channels switched over from analogue to digital before others. In the UK, for
example, one of the analogue channels (BBC2) was taken off-air for a period during switch-over. The
loss of service to subscribers was minimal as most had already obtained a digital set-top box. For
others, this was a strong driver for them to make the necessary upgrade.

There could also be financial incentives for broadcasters to move to T2 that offset the potential loss of
viewers, as the cost of transmission on T2, with its more efficient transmission and coding standards,
could be lower than that on the older DVB-T platform. . This would result in the mitigation of a
possible but not highly likely risk in which commercial broadcasters might suffer a reduction of
revenue from advertising in the case of transitional simulcasting. We note that in previous cases, the

switchover has not affected broadcasters in this way. According to a r e Mostt
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viewers have found switchover straightforward. For the majority it was simply a case of retuning Freeview TV
Equipment as signal strength was boosted and channels moved to new frequencieséz.

The idea that there might be what is often a more traditional simulcast, that is to say that an additional
transmitter would be put on the air so that all programmes would be available in both the older (e.g.
DVB-T) and newer (e.g. DVB-T 2) standards to pr oivdepicted id the figure i | |
below.

Additional spectrum
requirement in simulcast MUX 1..x

Spectrum Requirement

v

‘ Simulcast ‘ Time
Phase

Figure 14: Traditional Simulcast
We do not believe that this traditional simulcast is feasible, for a number of important reasons:

A The analysis showst hat there are insufficient frequmnci
frequencies below 700 MHz. The chance, therefore, that another frequency could be found at
every site to permit an additional transmitter to go on air for a period of simulcasting is highly
unlikely;

A The cost of an additional transmitter (e.g. to simulcast services in a different transmission or
encoding format) at each site could be relatively high (depending to the transmitter power and
potential required site adjustments it could be up to a few hundred thousand Euros per site). Not
only would one (and possibly more) new transmitters have to be purchased for each site (which
would then be redundant after the final switch to the new standards) but many of the sites would
also potentially need additional power generation, antennas, combiners, feeders and the
distribution network would also potentially need to be upgraded;

A The benefits of such a simulcast, compared to the one brought about by the transitional simulcast
is relatively small. Whilst the transition-based simulcast might mean that some channels become
temporarily only available on the DVB-T2 MPEG4/HEVC multiplex, or would be transmitted on the
existing, e.g. DVB-T multiplex in far lower quality, this effect would be only temporary.

Therefore the cost estimate for the transition of the broadcasting network is based on a transitional-
6 s i mu [Thisaapgptoéch seems to be the most reasonable and realistic, taking into account the pros
and cons for both scenarios discussed above.

? Digital TV Switchover 2008-2012 Final Report. Digital UK.

© European Union, 2016. All Rights Reserved. Certain parts are licensed under conditions to the EU. Page 31/89



ECONOMIC AND SOCIAL IMPACT OF REPURPOSING THE 700
MHz BAND FOR WIRELESS BROADBAND SERVICES IN THE EU

2.3.1.1 Considered labour and equipment costs

The assumed labour and equipment costs are based on information obtained from the industry and
have been broken down into three power categories as the expected effort and corresponding costs
usually depend thereon. The costs per power category include costs such as engineering, project
management and project coordination. The engineering efforts include transmitter and combiner
adjustments.

Beside the labour and equipment costs the cost estimation also takes into account the equipment
investment per installation team as well as expenses in the play-out centre in particular gateways and
encoders.

The costs are based on the least costs, i.e. it is assumed that, where possible, existing systems will
be upgraded (e.g. transmitter) rather than a wholesale renewal of the equipment. Antennas are
assumed to be broadband in their frequency response and thus would not need replacing.

2.3.1.2 Transition gain due to next generation of terrestrial TV system and video
compression standard

To estimate the required costs to perform the transition from the current terrestrial TV system to the
successor standard and the usage of more advanced video compression standards, it is important to
determine factors which reflect this benefit in reduction of number of multiplex necessary to provide
the current quantity and quality of the emitted content. The first factor would be to ensure the
replication of the coverage are currently served by the DVB-T networks; to do this, a DVB-T2
configuration (Modul ati on, FEC, Guard interva
than the DVB-T system is necessary. Due to the fact that the reception mode as well as the current
coverage should remain similar after the transition, the DVB-T2 system offers capacity approximately
twice of the DVB-T system. This is also confirmed based on our detailed analyses of the 5 selected
countries. Beside this system gain, it is also assumed a higher statistical multiplex gain, because of
the higher number of programs per multiplex in case of DVB-T2.

A second factor is the use of next generation video compression standards and is based on the
required data rates for MPEG2, MPEG4 and HEVC. Due to the higher efficiency of these newer video
compression standards, the necessary data rate per SD or HD program can now be assumed to be
lower. This leads to an additional reduction in the number of multiplexes presupposed that quantity
and quality of the current content will be kept. The data rate required for MPEG4 is based on the EBU
TRO15 document. The data rates considered for MPEG2 and HEVC are calculated based on the fact
that the pure video data compression efficiency doubles per every development standard.

2.3.2 Methodology of the cost model

The general approach was to first make a detailed cost analysis of the costs for 5 selected EU MS:
Finland (FI), Slovakia (SK), Spain (ES), Germany (DE) and Greece (EL). This outcome was used to
benchmark the methodology used to determine the costs based on 18 EU Member States, where the
necessary data were provided. Finally the total costs based on all EU Member States was linearly
extrapolated from the data for the 18 countries for which full data was available.

The methodology is illustrated in the diagram below. The transition costs are defined first in a very
detailed manner for all 18 EU Member States for which the full operational data was available,
followed by a linear extrapolation to estimate the 28 EU Member States costs. As mentioned, the
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linear extrapolation is based on the outcome of the 18 detailed analysed countries. These countries
show a wide diversity of parameters regarding country size, network topology, population density and
terrestrial TV penetration. The structure in the remaining 10 countries covered show a similar
distribution across these parameters and therefore represent a reasonable basis for extrapolating in a
linear way to all 28 countries. Another investigated extrapolation approach based on the country size
(cost/sgkm) validated the linear extrapolation as the results were similar.

Assuming a DVB-T2 system with similar C/N than DVB-T to
ensure same coverage

4L

Data rate requirement for all DVB-T services currently on air

Il

Number of DVB-T2 MUXs needed to carry the current DVB-T
services under consideration of e.g.:

-  MPEG4/HEVC Encoder
- Statistical MUX
- MUX overhead data

JL

Transition cost analyses of EU 18 MS based on e.g.:

- Equipment update
- Labour costs

4L

Extrapolation to EU 28 MS costs in minimal (Min.) and
maximal (Max.) values

Figure 15: Methodology for transition cost analysis

2.4 Network transition costs

This chapter describes the network cost estimation based on two scenarios:
A In Scenario 1, replacement of the present DTT system by DVB-T2/MPEG4;
A In Scenario 2, replacement by the more advanced DVB-T2/HEVC is considered.

Detailed cost analysis was done for 5 selected countries. Furthermore, a cost model was developed
on the available data of 18 EU countries, benchmarked with the outcome of the results of the detailed
analysis of the 5 countries and extrapolated to total costs for 28 Member States of the EU. All costs
are given in a Min. to Max. range as the efforts and consequently the costs could differ from site to
site. For example the effort required to retune/change the equipment at the respective site differs on
the transmitter model, combiner model, etc. A renewal of the equipment results in higher costs and
has not been considered for reasons explained previously. The costs are based on an assumed
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range of transition efforts spend per transmitter which comprises labour as well as equipment costs
which results in a range for the total costs.

The following general assumptions have been made for all scenarios:

A The same number / quality of current programs on air should be provided after transition, thus
current services are replicated;

A A statistical multiplex gain, depending on the number of programs in a MUX, is considered:;

A Only the UHF frequency range is considered;

A The same coverage of the networks should be ensured after transition;

A The costs show the least costs in minimal and maximal, i.e. it is assumed the current systems
(e.g. transmitter) will be upgraded instead of renewed;

A A broadband antenna is assumed;

A No usage of additional temporary channels for simulcast transmission of DVB-T and DVB-T2 is

taken into account, transitional simulcast (Figure 13) is assumed,;

A Where there are local and regional services (e.g. in Germany), these have also been considered.

24.1 Detailed analyses of 5 EU countries
2.4.1.1 Scenario 1: Transition costs to DVB-T2/MPEG4

In this scenario the cost estimation was determined assuming that the present DTT system will be
switched over to the second generation of digital video broadcasting (DVB-T2) with the source coding
standard MPEG4 (H.264). Beside the assumptions described in chapter 2.3, the following has been
considered to estimate the costs:

A The required net data rate for SD and HD was applied according to the EBU TR015 paper

o Net data rate of 2.65 MBit/s for one SD program
o Net data rate of 8.25 MBit/s for one HD program

The costs are derived from the necessary number of multiplexes using DVB-T2/MPEG4. In countries
which still use exclusively DVB-T/MPEG2, the potential to reduce the number of multiplexes due to
the usage of the much more efficient DVB-T2 system and source coding system MPEG4 is much
greater. The table shows the current DTT situation for 5 countries as well as the necessary
multiplexes after transition to DVB-T2/MPEGA4.
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Country

DE

SK

EL

FI

ES

DTT System

Content

Assumed No of
TXs/ countrywide

MUX

No of
MUXs
(currently)

DVB-T

\[o] of
T2/IMPEG4
MUXs
transition)

new

(post-

DVB-T/MPEG2 | SD 145 countrywide/ 3 countrywide/ 2 countrywide/
24 regional Up to 6 regional | 2 regional
DVB-T/MPEG2 | SD/HD 68 4 countrywide 2 countrywide
DVB-T/MPEG4
DVB-T/MPEG4 | SD/HD 170 4 countrywide/ 3 countrywide *
3 regional
DVB-T/MPEG2 | SD/HD 191 4 countrywide 2 countrywide
DVB-T2/MPEG4 (plus 2 existing | (plus 2 existing
DVB-T2 MUXs) | DVB-T2 MUXs)
DVB-T/MPEG2 | SD/HD 1047 7 countrywide 4 countrywide *

DVB-T/MPEG4

2 regional

*it has been assumed that the current regional content can be delivered on the countrywide MUXes

Table 5: Number of multiplexes for DVB-T2/MPEG4 in 5 selected countries

The table below shows the total transition costs per country. The range of costs per transmitter is
depicted in the figure below.

The level of the costs is based on the number of multiplexes necessary to carry the current program
as well as the topology of the network (High Power/ High Tower, Low Power/ Low Tower).

Country Tot al

Table 6: Transition cost to DVB-T2/MPEG4 in 5 selected countries

Min.

costs

Max.
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Figure 16: Transition cost to DVB-T2/MPEG4 per transmitter in 5 selected countries
2.4.1.2 Scenario 2: Transition costs to DVB-T2/HEVC

In this scenario the cost estimation was calculated assuming that the present DTT system will be
switched over to the second generation of digital video broadcasting (DVB-T2) with the source coding
standard HEVC (H.265). Some countries may be forced to move directly to this scenario (e.g. DVB-T2
with HEVC) if there becomes a need for many more HD channels, and in some cases, where even
MPEG-4 coding may not provide sufficient gain.

In addition to the assumptions described in chapter 2.3 additionally the following has been considered
to estimate the costs:

A The required net data rate for SD and HD as following

o Net data rate of 1.75 MBit/s for one SD program
o Net data rate of 4.55 MBit/s for one HD program

The costs are based on the necessary number of multiplexes using DVB-T2/HEVC. The table shows
the current DTT situation for 5 countries as well as the necessary multiplexes after transition to DVB-
T2/HEVC.
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Country DTT System Content Assumed No of No of DVB-T No of new
(currently) (currently) TXs/ MUXs T2/HEVC
countrywide (currently) MUXs (post-
MUX transition)
DE DVB-T/MPEG2 | SD 145 countrywide/ | 3 countrywide/ 1 countrywide/
24 regional Up to 6 regional | 2 regional
5114 DVB-T/MPEG2 | SD/HD 68 4 countrywide 2 countrywide
DVB-T/MPEG4
EL DVB-T/MPEG4 | SD/HD 170 4 countrywide/ | 2 countrywide *
3 regional
FI DVB-T/MPEG2 | SD/HD 191 4  countrywide | 1  countrywide
DVB-T2/MPEG4 (plus 2 existing | (plus 2 existing
DVB-T2 MUXs) | DVB-T2 MUXs)
ES DVB-T/MPEG2 | SD/HD 1047 7 countrywide 3 countrywide *
DVB-T/MPEG4 2 regional

*it has been assumed that the current regional content can be delivered on the countrywide MUXes
Table 7: Number of multiplexes for DVB-T2/HEVC in 5 selected countries reflecting current content

The table below shows these transition costs per country in total. The range of costs per transmitter is
depicted in the figure below. The level of the costs is based on the number of multiplexes necessary
to carry the current program as well as the topology of the network (High Power/ High Tower, Low
Power/ Low Tower).

costs

Country Tot al

Min. Max.

Table 8: Transition cost to DVB-T2/HEVC in 5 selected countries
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Figure 17: Transition cost to DVB-T2/HEVC per transmitter in 5 selected countries

2.4.1.3 Demand of spectrum in case of HD programs only

The previous section provides the estimated future number of multiplexes as well as the costs, after
transition to more efficient systems (DVB-T2/MPEG4 or DVB-T2/HEVC). These are based on the
number and quality of programs currently on air. This section considers the number of MUXs needed
in case of all programs will be moved to the HD format. The following table shows the number of
multiplexes needed after transition to DVB-T2/MPEG4 and DVB-T2/HEVC supposing that all current
programs will be transmitted in HD format (based on the HD requirements listed in the previous

chapter).

Country DTT System Content No of DVB-T No of new No of new
(currently) (currently) MUXs T2/MPEG4 T2/HEVC MUXs
(currently) MUXs (post- (post-
transition) transition)
DE DVB-T/MPEG2 SD 3 countrywide/ | 4 countrywide/ 2 countrywide/
Up to 6 regional | 7 regional 4 regional
SK DVB-T/MPEG2 SD/HD 4 countrywide 6 countrywide 3 countrywide
DVB-T/MPEG4
EL DVB-T/MPEG4 | SD/HD 4 countrywide/ | 10 countrywide * | 5 countrywide *
3 regional
Fl DVB-T/MPEG2 SD/HD 4 countrywide 11 countrywide 6 countrywide
DVB-T2/MPEG4 (plus 2 existing
DVB-T2 MUXs)
ES DVB-T/MPEG2 | SD/HD 7 countrywide 8 countrywide * | 4 countrywide *
DVB-T/MPEG4 2 regional

Table 9: Number of multiplexes for DVB-T2/HEVC in 5 selected countries reflecting HD only
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*it has been assumed that the current regional content can be delivered on the countrywide MUXes

2.4.2 EU wide analyses
2.4.2.1 Scenario 1: Transition costs to DVB-T2/MPEG4

In this scenario the cost estimates are based on the assumption that the present DTT system was
switched over to the second generation of digital video broadcasting (DVB-T2) with the source coding
standard MPEG4 (H.264). The following assumptions have been considered to estimate the costs:

A The required net data rate for SD and HD was applied according to the EBU TRO15 paper

o0 Net data rate of 2.65 MBit/s for one SD program
o Net data rate of 8.25 MBit/s for one HD program

The costs are based on the necessary number of multiplexes using DVB-T2/MPEG4. The table below
shows the estimated transition costs developed on the available data of 18 EU countries,
benchmarked with the outcome of the results of the detailed analysis of the 5 countries and
extrapolated to total costs for 28 EU Member States.

Country Tot al costs‘

Min. Max. ‘

EU 28 MS

Table 10: Transition costs to DVB-T2 (MPEG4) EU 28 MS

2.4.2.2 Scenario 2: Transition costs to DVB-T2/HEVC

In this scenario the cost estimation was calculated assuming that the present DTT system was
switched over to the second generation of digital video broadcasting (DVB-T2) with the source coding
standard HEVC (H.265). The following assumptions have been considered to estimate the costs:

A The required net data rate for SD and HD as following

o0 Net data rate of 1.75 MBit/s for one SD program
o Net data rate of 4.55 MBit/s for one HD program

The costs are based on the necessary number of multiplexes using DVB-T2/HEVC. The table below
shows the estimated transition costs developed on the available data of 18 EU countries,
benchmarked with the outcome of the results of the detailed analysis of the 5 countries and
extrapolated to total costs for 28 EU Member States.

Country Tot al costs‘

Min. Max. ‘

EU 28 MS

Table 11: Transition costs to DVB-T2 (HEVC) EU 28 MS
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2.5 User equipment costs

251 DVB-T2

To calculate the cost of the replacement of user equipment, we have used the analysis framework
illustrated in the diagram below. Note that this example shows the situation for a move from DVB-T to
DVB-T2, but the same analysis method has also been used for a move to HEVC or for the
replacement of PMSE equipment.

Forced replacement

DVB-T Accelerated repla

Additional costs

DVB-T2

Different T
EU MS

Natural replacement

DVB-T2

31 7 years

Figure 18: Analysis framework for user and PMSE costs

Taking the example above, the method is as follows:

A

A

Begin with an existing level of penetration of DVB-T2 receivers in the current year (2015) in the
Member States in question, this will vary between Member States;

Determine the extent to which the natural replacement (of television receivers) will cause an
increase in DVB-T2 receiver penetration, assuming that all receivers purchased from today
onwards are DVB-T2 compatible;

Consider that there may be an accelerated replacement of receivers if consumers are aware that
they require a DVB-T2 receiver by a given date, or because new services become available on
DVB-T2 before that date. Note that it is possible that if consumers are aware that there may be,
for example, a centrally funded or subsidised programme to replace television receivers, this may
cause a deceleration of the replacement, and thus the acceleration may be negative;

Determine the number of receivers that would need a forced replacement, that is to say, those
receivers which, by the end of the period in question, would not have been replaced through
natural or accelerated replacement. Thus, they would represent the cost of migrating all remaining
consumer equipment to, in this example, DVB-T2.

For the initial penetration of DVB-T2 receivers, we have assumed that in countries where there are
currently T2 services in addition to DVB-T services, the current penetration of DVB-T2 compliant
receivers is 50%. In countries which do not have a DVB-T2 service in operation, we have assumed
the penetration to be 20% based on the notion that even though there are no T2 services to be
received, many of the receivers sold over the past few years will be T2 compliant, and thus will lead to
an overestimation of the costs. For HEVC receivers, we have assumed that all countries are starting
from a zero-base.
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For the natural replacement cycle for television receivers, a period of 7 years has been taken. This is
based on data from displaysearch®. Whilst this value relates to the replacement of television receivers
and not set-top boxes, it should therefore be seen as a conservative value as consumers are more
likely to upgrade through purchase of a set-top box than replace their receiver.

For the accelerated replacement, we have used values of +20%, 0% and -20% to reflect different
possible situations.

In order to calculate the costs, various other data are necessary:
A The number of households in each MS;

A The penetration of DTT in each MS;

A The cost of the replacement receiver;

A Any changes in the cost of the receiver over time.

With respect to the number of households in each MS, data from Eurostat* has been used giving the
number of private households in 2014.

The cost of a replacement receiver has been taken to be that of a set-top box only. It has been
assumed that the cost of a set-top box is the relevant sum as, regardless of the television receiver
that is being used, a new set-top box would be sufficient to provide consumers with the new service.
Whilst they may choose to purchase a new television instead of just a set-top box, it was felt that the
appropriate cost for the purposes of this evaluation is that of the box only, and not of a new television
receiver. The value used for a DVB-T2 set-top box in 2015 has been taken to be U40. This is based
on the cost of readily available DVB-T2 set top boxes from a variety of retailers in different EU MS.
We have further assumed that the price of set-top boxes falls 5% per year from this date.

There are various values for the penetration of DTT in Member States. The values used have been
taken fromthe Commi ssi onds Speci°’a(fatedEMarcio B0A3) avmvh tcansiders3 9 6
homes with an aerial and decoder. Note that many households have more than one receiver. Our
analysis therefore covers the necessary investment to replace the primary receiver in a household
such that that household can continue to receive a television broadcast service, rather than all
receivers that may be present.

The results, for all 28 EU Member States are shown in the table below.

3

http://www.displaysearch.com/cps/rde/xchg/displaysearch/hs.xsl/140611 replacement tv_purchase decisions
driven by picture_and sound quality.asp

4 http://ec.europa.eu/eurostat/statistics-

explained/index.php/Household composition statistics#Data sources and availability

® http://ec.europa.eu/digital-agenda/en/news/special-eurobarometer-396-e-communications-household-survey
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Year

-20% acceleration

Neutral

20% acceleration

Table 12: Cost of forced replacement of DVB-T2 compatible receivers for the years 2018 to 2022

As an example of how these figures are broken down by MS, the figure below shows the results in the
case of neutral acceleration using the Eurobarometer figures, for the individual EU MS.

450.0
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Figure 19: Cost of forced replacement of DVB-T2 compatible receivers for the years 2018 to 2022 in each
EU MS

It can be seen that the majority of the costs will be incurred by consumers in four countries: Spain,
France, Italy and the UK. These four countries alone account for 75% of the total consumer cost.

25.2 HEVC

For the use of HEVC capable receivers, there are currently no available prices for suitable set-top
boxes as there are no (terrestrial) HEVC services on-air. It is common for equipment incorporating
new technologies to be relatively expensive in the first few years but falling quickly as it becomes the
adopted norm. As such, to calculate the cost of HEVC capable receivers, we have modified the
calculations above in the following manner:

A The initial cost of theset-t op box is G100 but falls at a r
5% per annum for DVB-T2 price reduction) due to the technology being newer and thus price
points falling more rapidly.
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A A natural replacement cycle of 7 years has been adopted, but this begins in the year 2018 as it is
assumed that until that date, there will be very few HEVC capable receivers sold. Whilst HEVC
receivers are coming to the market today (indeed most 4K televisions have the necessary HEVC
capabilities), the general sale of such receivers and in particular, ones adapted for DTT, are yet to
emerge.

A The initial penetration of HEVC capable set-top boxes is zero.

Year

mi bdrametar)PenetEation &igures

-20% acceleration

Neutral

20% acceleration

Table 13: Cost of forced replacement of HEVC compatible receivers for the years 2018 to 2022

These values apply for options A and B in the case where broadcasters are forced to move from the
700 MHz band to clear it for mobile services.

2.5.3 Option C

For the case of option C, where the whole UHF band is cleared for mobile services, a number of
factors change:

A Firstly, natural replacement of receivers will be at a much lower level. Whilst some consumers
may decide to upgrade to an alternative (to DTT) service, this will not be part of the natural cycle
of replacement of receivers and willinst ead be due only to wishi
switch-off date. It would also require the broadcasters concerned to place their services on the
alternative platforms in advance, which they may decide not to do. As such, no natural
replacement can be realistically expected;

A The cost of the repl acement Insteaditevill beenecessary ltolinstall @
satellite dish (and receiver) or to run a cable to the household and install the cable set-top box.

The range of costs for the purchase and installationof a basic satellite
0250. We note that it is possible to purchase a complete satellite reception kit (including dish and
set-t op box) for around 075, however weholdwowill ihavée

the necessary technical skills to successfully install the equipment and would, in most cases, need
the services of a professional installer. The installation of a cable may not be possible in many
cases (e.g. if there is no local cable service running past the household in question) and could
also be more expensive, and therefore the replacement of DTT by a satellite receiver priced at
0150 has been considered. This price is a balance between those able to purchase and install a
satellite set-top box on their own; those who need the services of a professional installer, and
those who may be able to be fitted with cable. As with the DVB-T2 set-top box, it has been
assumed that this price falls by 5% each year;

A Note that it may be necessary, in some countries, to pay a monthly subscription to access

services. Such subscriptions (typically around u01l2

calculations as it may be that, if broadcasters were forced to move to a non DTT platform, they
would seek a means to offer that service at a zero subscription fee. Many countries (e.g. UK,
France, Germany, and Italy) already have free-to-view satellite TV services for example.
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Using these assumptions, the following are the results for the cost of replacing all DTT receivers with
a satellite equivalent:

Neutral

Table 14: Cost of forced replacement all DTT receivers with satellite or cable alternative for the years
2018 to 2022

The following diagram shows how this is broken down between the different MS.
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Figure 20: Cost of forced replacement of all receivers with a non-DTT alternative for the years 2018 to
2022 in each EU MS

It can be seen that once again, Spain, France, Italy and the UK make up over 75% of the total costs.

Although this option may result in higher user equipment costs countries, it remains a valid approach
and may even be more cost effective for some. An example of this case is Greece. According to
IDATE the Greek market lacks the necessary development in cable-TV infrastructure, further DTT
might struggle to be profitable. The report states that fDigital Satellite presents the advantages of
costef fective service deployment and universal cove

® fDevelopment of Digital TV in Europed
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2.6 PMSE costs

2.6.1 Options A and B

In considering the cost of transition for PMSE users, we have based our calculations on the market

si ze val ues as estimated i n teboromics aspedty of spedrsns e s S
harmonisation regarding wireless microphones and cordless video c amer as (PMSE &eql
conducted for the European Commission by VVA and Helios in 2013.

This report states that there were approximately 2 million radio microphones in use in the EU in 2013,
with a growth of around 5% per annum, thus by 2015 there will be around 2.2 million radio
microphones in use. If it is also assumed that all future purchases of radio microphones avoid the 700
MHz band, then the user base of devices that require replacement would not rise further.

It is unknown what the spread of frequencies in use by these devices is amongst the UHF television
band, however if it assumed that the distribution of devices is even over all of the available channels,
this would imply that 30% of devices would be in the 700 MHz band, and that 70% would be in the
remaining UHF television band. This would tend to overestimate the number of devices in the 700
MHz band because:

A 1t would be expected that some radio microphone users, being aware of the potential future loss of
the 700 MHz band, would have, where possible, purchased and be using equipment that would be
in the sub-700 MHz frequency range;

A In some countries (e.g. the UK), usage is focussed around channel 36 (594 MHz) or 38 (610 MHz)
as these channels have historically been relatively free of television transmissions;

A Not all of the radio microphones in use in Europe will be professional in nature, and many non-
professional systems operated in the licence-exempt frequency band at 863 i 865 MHz. These
devices would not need to be changed.

The VVA/Helios PMSE report also states that the typical replacement cycle for radio microphones is
around 8 years and that the typical value for a (professional) radio microphone system varies from
0100 to 15000, but on average is around 0650.

To summarise, the inputs used for this calculation are:

A 2.2 million radio microphones in use in 2015 and that no new devices are purchased in the 700
MHz band after this date;

A 30% of these devices are operating in the 700 MHz band;
A A natural replacement cycle of 8 years;
A A replacement cost for each radio microphone of (650, and that this does not change over time.

These inputs lead to a total replacement cost (i.e. the cost of replacing any devices not already
operating in the 700 MHz band) for EU28 countries as shown in the table below.

In line with the estimations for the cost of user equipment, both a positive and negative acceleration
factor have been implied to take account of user inertia, or use encouragement to replace equipment
knowing that it will become unusable over the coming years.
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Year

-20% acceleration

Neutral

+20% acceleration

Table 15: Cost of replacing PMSE equipment for the years 2018 to 2022

2.6.2 Option C

In option C, all of the radio microphones operating in the UHF television band would have to be
replaced with new devices operating in alternative spectrum. The table below shows the cost of
replacing all such devices, however this assumes that alternative spectrum can be found. Note that
this latter assumption is relatively major and would require concerted effort at an EU level to make
sufficient, suitable spectrum available for radio microphones.

Year

-20% acceleration

Neutral

+20% acceleration

Table 16: Cost of replacing PMSE equipment for the years 2018 to 2022 (Option C)
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3 Soc-Economic I mpact of Wirel ess

This section outlines the findings with regard to the socio-economic impact of the identified options
based on stakeholder interviews and desk research.

3.1 Overview of the sectors

This section provides an overview of the main sectors under investigation.

3.1.1 WBB sector

I n Europe, wireless mobile broadband technol ogi e:c
3G SI Ms per capita in Europe on average t.hdm an
development in Europe has also accelerated in the past years, focusing first on urban areas. The
following table provides an overview of key features of the WBB sector.

Variable Data

Market analysis

Coverage /| 1T EU-wide HSPA and LTE coverage reached 97% and 79% respectively in 2014°,
penetration

Key industry | 1 Key players in the shortlisted countries include network operators such as

players TeliaSonera (FI), Deutsche Telekom and Telefonica (DE), OTE and Vodafone (EL),

Slovak Telekom and Orange (SK) and Telefonica (ES).
1 Other major network operators in the EU include Telecom ltalia (IT), Telenor (NO),
Tele2 (SE) and 3/ Hutchison®.

Current 1 A Plum study estimated EU27 revenues from mobile services (voice, SMS and data)

competitiveness to be approximately G 2 Obdlion in 2013,

1 Mobile data revenues are estimated to account for 20% of the telecommunications
sector revenues™',

Employment 1 According to Eurostat there were 980,000 people employed in active enterprises in
the telecommunications sector in EU28 in 2013 and in 2011 around 223,000 were
employed in the wireless telecommunications sector across the EU27".

"GSMA (2013) 6Mobile Economy Europe 201350

!European Commi €anmission $taff OVbrking Décument - Implementation of the EU regulatory
framework for electronic communicationi 2 0 1 5 6

ETNO (2015) O6ETNO Annual Economic Report 201556
Yplum (2013) 6Valuing thenindpe nadfenspactsesmmemtt i@rEWhe
" European Commission®i gi t a | Economy Scoreboard 201356

12 Telecommunications refer to wired, wireless, satellite and other telecommunications, while wireless

telecommunications includes a range of wireless services in addition to mobile broadband (e.g. voice and SMS
cellular services, paging, telex, radio relay services)

13 Eurostat Structural Business Statistics
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Variable Data

T GSMA estimates that Aln 2013, mobile o
employment to approximately 1.8 million people across Europe. From the
ecosystem players, the largest employment contribution came from the content
provider sector, with approximately 1 million jobs generatedd™.

1 Inits Communication on the Telecommunications Single Market the European
Commission noted that 794,000 new jobs were created in the app economy
between 2008 and 2013".

Historic growth | T HSPA EU-wide coverage increased from 95% in 2011 to 97% in 2014. In that same

rates period LTE EU-wide coverage increased from 8% to 79%™.

Market projections

Demand projection | 1 Estimates of compound annual growth rate (CAGR) in mobile data traffic range from
29% between 2012 and 2018 to 54% between 2012 and 2017,

1 Cisco expects that in Western Europe mobile data traffic will reach 2.4 Exabytes per
month by 2019 (the equivalent of 604 million DVDs each month), up from 341.4
Petabytes per month in 2014".

1 Itis however important to note that there are considerable differences in traffic

forecasts®’.

Market drivers

Investment 1T GSMA esti mat €APEK [nahe Eufiopeart nebile sector] for the period
2008-14 is likely to total around 0155 bi

T According to the EU industry initiat

pl anning to invest more t tha201420%prioti.
Innovation 1 According to GSMA there is considerable innovation in applications for e-commerce,
social networking, online search, etc. (e.g. NFC), with revenues from apps and app-

G170 billion for th%® period through to
i v
|1

“GSMA (2014) 6Mobile Economy Europe 20146

“European Commission (2013) o6Communication from the
Council, the European Economic and Social Committee and the Committee of the Regions on the
Telecommunications Single Marketd

YEur o pean Commi €anmigsion $tatf Wbrking Dacument - Implementation of the EU regulatory
framework for electronic communicationi 2 0 1 5 6

1 http://www.ispreview.co.uk/index.php/2012/10/western-europe-forecast-to-have-the-lowest-mobile-data-
growth-rate.htm

®GSMA (2013) 6Mobile Economy Europe 201350

19 See http://www.cisco.com/assets/sol/sp/vni/forecast_highlights_mobile/index.html

%% See for instance Aetha showing the implication of using different traffic forecasts

GSMA (2014) O6Mobile Economy Europe 201456

2 3ee https:/www.makethenetwork.eu/how-does-broadband-support-the-european-economy/
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Variable Data

related services in Europe expected to increase from $13.2 billion in 2012 to $16.5
billion in 2020%°.

Spectrum 1
availability

Between 31% (CY) and 100% (DE) of EU harmonised spectrum bands are assigned
to WBB. Besides, several countries (France, Germany, etc.) have already indicated
that they plan to and make the 700 MHz band available for mobile broadband.

The GSMA estimates that Europe will need an additional 600 MHz to 800 MHz of
spectrum by 2020 in order to meet the projected demand for data traffic in that
year™.

Some stakeholder groups challenge the traffic projections, pointing out, among
others, the importance of Wi-Fi offloading for mobile data consumptionzs.

Competitiveness 1

GSMA estimated in 2012 that total recurring mobile revenues would further decline,
stabilising around 2020. Mobile broadband revenues are however expected to
double in Europe between 2012 and 2017 and reach U 1 8 bill®n thanks to tablets
and LTE®®.

GSMA also estimates that the economic contribution of the mobile industry will
increase over the current decade in absolute terms but slightly decrease in relative
terms (as a percentage of GDP)?’.

Table 17: Sector overview - WBB

3.1.2 DTT sector

In 2012, Digital Terrestrial Television (DTT) was serving some 275 million people and providing
1800+ TV channels in Europe®®. Today, DTT is the main TV platform in selected large European
markets (France, Italy, Spain) with 43% of European households receiving terrestrial television. While
non-linear TV viewing is steadily growing (expected to reach around 17% of total TV viewing in 2020),
linear TV viewing is expected to remain stable in the next few years?®.

The European DTT market includes both players who follow vertically and horizontally integrated
business models and both market-driven (e.g. UK) and regulator-assisted (e.g. France) regulatory
approaches are present in the EU.

The following table provides an overview of the DTT sector.

BGSMA ( 20 1 4FcononwdEbrope 20146

“GSMA (2014)

o

O6Mobil e Economy Europe 2014

%% See for instance Broadcast Networks Europe response to the Lamy report consultation

®GSMA (2014)
"GSMA (2014)

OMobil e Economy Europe 20146
OMobil e Economy Europe 20146

®Broadcast Networks Europe 6The 700MHz issues for

®Di gi TAG and
®¥pigi TAG and

Analysys Mason (2014)iA6Roadmap ffuamrteh

Br o:

é ofF

Anal ysys Mason (2014)i AbrRiogahldtmafpu tf wmre tfther EW
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Variable Data

Market analysis

Coverage /| T According to Broadcast Networks Europe, DTT provided coverage of 275 million

penetration people (120 million households) and provided 1800+ TV channels in Europe in
2012%,

Key industry | T Key players in the shortlisted countries include broadcasters, such as MTV and YLE

players (F1), ARD, ZDF or RTL (DE), ERT, MEGA, and ANT1 (EL), RTVS and CME (SK), or

RTVE and Atresmedia (ES) as well as broadcast network operators, such as
DIGITA (FI), Media Broadcast (DE), Digea (EL) or Cellnex (ES).

1 Other major DTT broadcasters include BBC and ITV (UK), RAI and Mediaset (IT),
TF1 and France Télévisions (FR) while other major broadcast network operators
include Argiva (UK), and TDF (FR)*.

Current §  According to Eurostat, total turnover was G 5 7 bill®n in 2013%.

competitiveness 1 DTT is also considered as an important source of platform competition, for instance
by providing an alternative to Pay TV platforms and contributing to keeping costs
down*.

Employment 1 In 2013, 189,500 people were employed in the television programming and

broadcasting activities sector in the EU28%.

Historic growth | T According to DigiTAG, linear TV viewing has slightly increased between 2007 and
rates 2011 (from ~215 to 230 minutes/day). Non-linear TV viewing has increased
significantly between 2007 and 2011 (from ~5 to 30 minutes/day), which constitutes
an increase from 1% to 5% of total TV viewing®®.

Market projections

Demand projection | 1 Linear TV viewing is expected to decrease slightly over the 2011-2020 period
(reaching 225 minutes/day in 2020), while non-linear TV viewing is expected to
increase significantly over the 2011-2020 period (reaching 50 minutes/day in 2020),
which constitutes an increase from 5% to 17% of total TV viewing37.

Market drivers

Investment 1 According to Eurostat, gross investment in tangible goods amounted to almost 01,7
billion in the EU28 in 2013%.

®Broadcast Networ ks Europe 6The 700MHz issues for Br o:
¥Di gi TAG and Analysys Mason (2014)iA6Roadimap ffudmurtehd of\
% Eurostat Structural Business Statistics

% Communicat i ons Chamber s (2014) O6The value of Digital Ter
for spectrumbd.

% Eurostat Structural Business Statistics
®Di gi TAG and Analysys Mason (2014)A6Roadmap ffudmurtehé of\
Digi TAG and Analysys Mason (2014) iARbadmap ffart utrfee f BV C

3 Eurostat Structural Business Statistics
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Variable Data

Innovation 1 Introduction of HD or Ultra-HD services is considered as the next step in innovating
DTT services®.

1 A move to increasingly higher resolutions is in turn likely to require next-generation
compression (HEVC) and transmission standards (DVB-T2)4°.

Spectrum 71 There is an expectation that the re-allocation of the 700 MHz band will reduce the
availability total spectrum available for DTT by an average of 30%™.

Competitiveness 1 According to DigiTAG, migration to higher-quality digital formats is crucial for
securing future DTT competitiveness, especially given reductions in spectrum
availability*.

Table 18: Sector overview - DTT

3.1.3 PMSE sector

PMSE (programme making and special events) sector includes the producers of PMSE equipment, as
well as other actors handling PMSE equipment (e.g. rental companies). PMSE uses include
professional event production (e.g. live music or theatre events, conference, sport events) as well as
broadcasting. PMSE equipment includes wireless microphones and in-ear-monitors, wireless
cameras, as well as wireless intercom, reporter sets, audio links, wireless remote control of lights
pyrostatics and décor, or conference systems*.

As noted in the 2013 VVA and Helios report on spectrum access for PMSE in 2013 there were an
estimated 8 million daily users of wireless microphones, with 2 million wireless microphones in daily
operation. Conservative estimates of the market size put the total market for wireless microphones
and wireless cameras in the EU at (1170 million and 432 million respectively**.

¥DI GI TALEUROPE (2014) 6DI Gl TAHMERUROFRE tWirsei oonf otrh et hUeH Fl ost
“0 DigiTAG and Analysys Mason (201 4) 6 Roadmap for tithe bEVaglhut if ann uosfe DDT
“Di gi TAG and Analysys Mason (2014)A6Roadmap ffuamurtehd o\
“Di gi TAG and Analysys Mason (2014)A6Roadmap ffuamurtehd oF\

“Kl assen, Bpectrym2ne@eds fpr wideless microphones and wireless cameras in broadcast content
productiond 2013 | BC Conference presentation

“VVA and He | iAssessmén2 0f 1s8cjo-ecdnomic aspects of spectrum harmonization regarding
wireless microphones and cordless videocameras (PMSE equipment).
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Market analysis

Coverage / The 2013 Helios and VVA study estimated the total EU wireless microphone market,

penetration in volume terms, to be approx. 260,000 units/systems in 2011*.
The study noted that estimates of number of users vary between approximately 5
million and about 10 million, with 8 million daily users and about 2 million wireless
microphones in operation in Europe46.

Key industry Main manufacturers of wireless microphones include Sennheiser, Shure, Audio

players Technica, Robert Bosch (under the Bosch and Electro Voice brands),
Beyerdynamic, Harman (under the AKG brand), and Sony Europe™’.
Manufacturers of cordless camera receivers and transmitters include a small
number of highly specialised companies such as Vislink, a market leader, and more
recent market entrants such as Cobham, as well as other companies such as IDX,
Videosys, VTQ Videotronik GmbH or Arnold and Richter Cine Technik?*.

Current According to the Helios and VVA study, the total wireless microphone turnover in

competitiveness the EU in 2011 can be milian’mated at app
The EU market for broadcast services (incl. cordless cameras systems) is estimated
at ab o unilionif 20114 The estimated EU market size for cordless cameras
al one ingllionf’32. 2

Employment The creative industries accounted for around 8.3 million full time equivalent jobs in
the EU-27 in 2011°",

Historic growth The general trend points to more intensive use of PMSE equipment. Wireless

% Assessment of socio-economic aspects of spectrum harmonisation regarding wireless microphones and

cordless videocameras (PMSE equipment), VVA and Helios for the European Commission, based on authors 6

assumptions

% Assessment of socio-economic aspects of spectrum harmonisation regarding wireless microphones and

cordl ess vi
assumptions

deocamer as

(PMSE equi pment), VVA and

4" Assessment of socio-economic aspects of spectrum harmonisation regarding wireless microphones and

cordl ess vi
assumptions

deocamer as

(PMSE equi pment), VVA and

8 Assessment of socio-economic aspects of spectrum harmonisation regarding wireless microphones and

cordl ess vi
assumptions

9 Ipid.

deocamer as

(PMSE equi pment), VVA and

% Assessment of socio-economic aspects of spectrum harmonisation regarding wireless microphones and

cordl ess vi
assumptions

deocamer as

(PMSE equipment), VVA and

*! Tera Consultants, The economic contribution of the creative industries to EU GDP and employment, Evolution
2008-2011, September 2014
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Variable Data

rates microphone use in the Eurovision song contest grew on average by 7% annually
during the 1998-2012 period (although it stagnated between 2002 and 2009)°.

Market projections

Demand projection | T The EU market for wireless microphones is expected to reach approx. 500,000 units
and n8lidrbby 2020, due inter alia to the increasing number of events, the
increasing complexity of events and the increasing adoption of equipment per
event™.

1 The EU market for cordless cameras is expected to grow significantly (at an
estimated yearly growth rate of 4%), due to the further maturing of cordless
cameras, the increasingly widespread adoption of HD and 3D technologies, the
|l arger number of fAlived coverage event
coverage and studio programmes®*.

Market drivers

Investment 1 Investment in the PMSE sector appears to be closely linked with spectrum
availability, with PMSE users considering uncertainty about future spectrum
availability to be a barrier to investment.

At the same time, changes in spectrum allocation would necessitate investment by
manufacturers to develop equipment to operate in new bands®.

Innovation 1 New innovations in the sector include work on cognitive radio technology for
PMSE®®, while HD Audio and 3D Audio are also innovation drivers in the sector’’.

1 Reliability of spectrum planning is however seen as a precondition for the sector to
innovate further®®.

%2 Assessment of socio-economic aspects of spectrum harmonisation regarding wireless microphones and
cordless videocameras (PMSE equipment), VVA and Helios forthe Eur opean Commi ssi on, b a
assumptions

%% Assessment of socio-economic aspects of spectrum harmonisation regarding wireless microphones and
cordless videocameras (PMSE equipment), VVA and Helio
assumptions and Analysys Mason, Consumer- and community-driven spectrum usage demand for commercial
services i food for thought, 15 February 2013

> Assessment of socio-economic aspects of spectrum harmonisation regarding wireless microphones and
cordless videoc amer as (PMSE equi pment), VVA and Helios for tI
assumptions

* VVA and Hel i os (201 3) -ecdndnsics aseatsmad ispectrunnf harrsoaizaiion regarding
wireless microphones and cordless videocameras (PMSE equipme nt ) 6

®*Fischer, G. (2015) 6 Ou-PMSE mrel £ETSbSTF3B6r standardisatiorBadWbon ca@gnitive
radio technology for PMSEWM08&6 EUMW 2015 Presentation

VVA and Hel i os (201 3) -ecdndnsics asmectsmad spgectrunf harrsoaizaiion regarding
wireless microphones and cordless videocameras (PMSE ¢

®Klaassen, D. (2013) O6Spectrum needs for wireless mic
productiondéd 2013 |1 BC Conference presentation

© European Union, 2016. All Rights Reserved. Certain parts are licensed under conditions to the EU. Page 53/89



ECONOMIC AND SOCIAL IMPACT OF REPURPOSING THE 700
MHz BAND FOR WIRELESS BROADBAND SERVICES IN THE EU

Variable Data

Spectrum T According to the Hehereasthreekay probMms with respgegt

availability to spectrum access for PMSE equipment across the EU: market fragmentation, lack
of sufficient spectrum and uncertXinty

Competitiveness 1 While one industry trend points to increased demand due to more and more

complex productions, users also expect higher costs in case additional
fragmentation or further spectrum availability constraints materialise®, which could
have a negative effect on the competitiveness of the industry in the long-run.

Table 19: Sector overview - PMSE

3.2 Option A

The examined impact of the option B is the impact of the designation of the 700 MHz band for
wireless broadband, with allocation remaining unchanged in the sub-700 MHz band. In addition, the
option also includes the introduction of wireless broadband coverage obligation by the Member
States.

3.2.1 Socio-economic impact - impact on the WBB sector

The first category of socio-economic impact concerns the impacts on the wireless broadband sector,
including the impacts on investment, innovation, and more broadly growth, employment, and
competitiveness of the sector.

3.2.1.1 Impact on investment and innovation

Based on stakeholder consultation, the release 700 MHz band could spur a set of investments and,
subsequently, innovations in the sector. According to stakeholder input, characteristics of sub-1GHz
frequencies are conductive to improving rural and indoor coverage®, but also for fostering the
development of the Internet of Things through Machine-Type Communication (MTC)%. Specific
innovative uses highlighted by stakeholders for the 700 MHz band include traffic safety and
autonomous driving®.

* Assessment of socio-economic aspects of spectrum harmonisation regarding wireless microphones and
cordless videocameras (PMSE equi pment), VVA and Helio
assumptions

® VVA and Hel i os ( 2 01 3 )o-ecdndnsics aseatsmad spectrunf harrsoaizaiion regarding
wireless microphones and cordless videocameras (PMSE ¢

®! Telecom ltalia response to the Lamy report consultation
2Ericsson (2015) 6 EriiOntheRulse ofitlreNetworkeédySocR eept oyr ot

% Bitkom response to the Lamy report consultation
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According to interviews, whether market players make the investments as a result of spectrum
release will depend primarily on:

A Availability of equipment (e.g. handsets);

A Timing of the release, including the degree of synchronization across countries within and outside
of the EU and the time elapsed between auction and availability.

Interviewed stakeholders noted that given that 700 MHz band is in the process of being allocated to
wireless broadband use in other regions (Asia-Pacific, Latin America, Africa and Middle East), the
availability of equipment operating in the 700 MHz band does not constitute a barrier to investment
and innovation. While from the point of view of mobile industry stakeholders, synchronised and timely
release across the EU is important for the investment and innovation impacts to be realised, the fact
that the band is increasingly used for wireless broadband globally potentially makes this less critical.
As the mobile operator Telefonica states in their response to the Lamy report consultation:

AEconomies of scal e | ower the costs of handse

and adoption of mobile technologies using the band. This issue is not as critical in the case of
700 MHz as it was in the case of 800 MHz, because Europe has adopted a band plan
compatible with other regions that are already using these frequencies for wireless broadband.
Nevertheless, there are still benefits for operators running multinational networks and for the
development of roaming services in having a certain degree of synchronisation in the
assignment and retease of the band. o

Finally, interviewed stakeholders noted the expected return on investment is higher in the 700 MHz
band than for other bands. This is due to the higher cost of building sites in other bands while
generating lower additional capacity in return, which the interviewed stakeholders attributed to the
ftrowdi ngo o fThioib tare suggbsts ithdtthe availability of the 700 MHz band could spur
additional investment in building out a network in the band, which one of the interviewed operators
believed is likely to happen based on experiences with the 800 MHz band. At the same time, the
availability of the 700 MHz band and subsequent investment could potentially come at the cost of
further investment in the efficient use of existing WBB spectrum.

It is also important to note that some consulted DTT stakeholders challenge the potential benefit from
reallocating the 700 MHz to WBB use, noting that mobile operators already have access to
unexploited spectrum resources in the 800 MHz and supra 1 GHz band, which could be used to
improve rural and indoor coverage and spur further innovation.

3.2.1.2 Broader socio-economic impact

With regard to broader impact on the sector, the existing estimates of impact on the mobile industry
consider primarily the following effects:

A Network cost savings due to the ability to meet network capacity demand with fewer sites;

A Additional subscriber base due to expected lower prices and improved coverage;

A Direct employment in the sector.

® Telefonica response to the Lamy report consultation
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The network costs savings are explored in more detail in the previous sections. Some of the existing
estimates from literature include:

A A saving of £480 million - £770 million (4650 million - (1040 million) in the UK identified by
Ofcom®?;

A 189 million saving in Ireland in the base case scenario (and between 150 million and G150 million
under alternative scenarios) estimated by an impact assessment carried out for the Irish
regulator®®.

Research by Telecom Advisory Services, which examined the impact of allocating the UHF
broadcasting band to wireless broadband in Latin America, estimated price decreases as a result of
the ability to use the 700 MHz band to be 10%, while an increase in employment in the sector (based
on a user to employee ratio) would be 13%°’. This provides an indication regarding the magnitude of
a potential impact in the EU.

Examining the impact of increased coverage on its own is more complex. With regard to the impact
on the WBB sector, one could expect the following effects:

A Larger subscriber base and resulting revenue due to increase in the number of households
covered (i.e. individuals previously without coverage now becoming customers). Given the
relatively high coverage across the EU the overall effect is likely to be limited, although it may be
more visible in rural areas. The potential impact on coverage is outlined in more detail in section
4,

A Higher consumer willingness-to-pay due to improved access to higher speed WBB. In its analysis
of the impact of the 700 MHz band reallocation, Ofcom in the UK noted that UK consumers would
be willing to pay an ext mowdriobile cojerade3and higlendata | y
capacity. Using data on cost to deliver higher performance without the 700 MHz band, the Ofcom
report estimates the benefit of improved performance to be between £390 million and £480 million
( U 5 milion - 6 3ndillion) in the UK alone, although it notes that site cost may not be a good
predictor of value to consumers®®.

Another category of effects could relate to broader spill-over effects on the economy and the resulting
iffeedback effect o0 finstancd, theepotddiaBfor the 7@ MHz bandR@contribute to
developments in Machine-Type Communication could have impact on other sectors of the economy
and, as a result, serve as another source of revenue for mobile operators. However, given the
uncertainty about the exact economic impact of such innovations and the exact contribution of the 700
MHz band, it is difficult to arrive at sufficiently robust estimates.

®0Of com (2014) 6Consultation o n Cdstbenefitaalysisa chanfing itshuse to7 0 0
mobile serviceso

® Frontier Ec o n o mi ¢ sA cost beriefit analysis of the change in use of the 700 MHz radio frequency band
inlrelandi A report prepared for ComRegé.

Tel ecom Advisory Services (2014) 6Social and economi
forl MT 6 .

®0fcom (2014) 6Consultation o n Cdstbenefitaalysisa changing itshuse to7 0 0
mobile serviceso
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Another approach for estimating broader socio-economic value is to take existing information about
the mobile sector and its broader economic impact (including jobs and revenues generated in other
sectors) and arrive at estimates for existing spectrum allocation. Such estimates can in turn be linked
to the 700 MHz band by turning them into estimates of value per MHz of spectrum or value per
percentage of coverage and multiplying them by additional spectrum or coverage resulting from the
bandds reall ocati on.

An example of such an approach is a study for the Danish Ministry for Culture and the Danish
Business Authority, which estimated that the allocation of the 700 MHz band for mobile use would

result in overall socio-economic benefit to Denmark rangingfrom2 . 5 and 4 b i Iniiliomin DK
540 million). These figures take into account direct costs and benefits to the affected sectors as well
as an estimated contribution to the economy based on the contribution of existing spectrum allocation
and expected improvement in coverage/capacity®®.
While such approaches help provide valuable indications of overall socio-economic impact, they
usually draw on existing information about spectrum value and the economic impact of the mobile
sector rather than isolate specific benefits resulting from the unique characteristics of the 700 MHz
band. Finally, such estimates also require a set of assumptions concerning the way the band is used
by operators (i.e. if operators fail to make investments, the impacts would not be observed).
3.2.2 Socio-economic impacts - impact on the DTT sector
The second category of socio-economic impact includes the impacts on the DTT sector.
As opposed to the wireless broadband sector, the DTT sector faces a reduction in available spectrum,
with the 700 MHz band estimated to constitute 30% of the spectrum currently available to DTT™. A
key challenge when investigating the potential impact of this option will therefore be the different
position of DTT and the different spectrum needs in individual Member States.
The following table outlines the differences in the required amount of spectrum in the band 470-862
MHz for DTT based on the CEPT ECC Report 224,
Required amount of spectrum Number of countries
224 MHz
Between 224 and 320 MHz
320 MHz
More than 320 MHz
To be determined
Table 20: Required amount of spectrum in the band 470-862 MHz for DTT (CEPT 2014)
% Danish Telecommunications Industry response to the Lamy report consultation; Rambell ( 201 4)- 6 D1
platformens udvikling og konsekvenser ved brug af 700 MHz-b - ndet t i | mobilt bredb-nd:

" HD forum (FR) and Digital UK responses to the Lamy report consultation

"CEPT (2014) ¢ EDoBg TRre Vision for e 4JHF broadcasting bando .
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Although the ITU guestionnaire on which the above data is based did not differentiate between the
specific bands within the UHF band, it is worth noting that a requirement exceeding 224 MHz implies
that the sub-700 MHz UHF band alone would not be sufficient to operate the existing services in the
country in question.

3.2.2.1 Impact on investment and innovation

A key starting point for examining the impact on investment and innovation in the DTT sector are the
on-going and recent innovations. As noted in the study carried out by Aetha, the adoption of DVB-T2
transmissions and MPEG4 compression in a number of countries has been an important
development, but such investments have an approximately 10-year payback period, meaning that
regulatory certainty is crucial for any future investment an innovation in the sector’2,

The following table provides a summary of the status of DVB-T2 adoption in the EU.

Expanding DTT / No concrete Mature DTT / No current Introduced / Planning for T2
plans for T2 (5) commitment for T2 (11) (22)
Bulgaria Croatia Austria
Estonia Cyprus Belgium
Greece Ireland Czech Republic
Hungary Latvia Denmark
Slovakia Lithuania Finland
Luxembourg France
Malta Germany
Netherlands Italy
Poland Romania
Portugal Slovenia
Spain Sweden
UK

Table 21: Status of DVB-T2 adoption as of 2014 (Plum and Farncombe 2014 based on COCOM 13-11
FINAL)

The option in isolation would provide certainty with regard to the 700 MHz band and the spectrum
below the 700 MHz band in the future and hence should not substantially hinder investment
decisions. In some cases, stakeholders even argue that a clear decision concerning the reallocation
of the 700 MHz could speed up the adoption of standards such as DVB-T2 and MPEG-4"3.

Nevertheless, national factors can play a role in slowing down future innovation. In particular, where
the digital switchover only took place relatively recently (for instance as in the case of Poland), the
reallocation of the 700 MHz band could be seen as a sign of rapid change in regulatory
circumstances, which could limit the readiness of DTT operators to invest™. Similarly, according to
one interviewed network operator, potential challenges can emerge in countries with high DTT use

72Aetha(2014) 60 Fut ur e694dBlzband fR et phoer t4 7f0O0r Aberti s, Arqiva, B
“Digi TAG and Analysys Mason (2014)iA6Roadmap ffucmurtehd of\

™ See for instance PIRC (PL) response to the Lamy report consultation
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(e.g. Spain), where the loss of the 700 MHz band could represent a reduction in capacity large
enough so as to constrain future innovation, such as introduction of HD services (e.g. 4K).

An alternative approach to investment and innovation under the policy option would be to consider
those investments and innovations that are necessary to maintain capacity after losing access to the
700 MHz band. However, this should in first instance be treated as a transition cost that will push DTT
platform towards a more efficient spectrum technology.

Overall, consulted stakeholders expect innovation in the sector to continue even after the repurposing
of the 700 MHz band as long as the long-term future of the DTT platform is secured in light of the long
investment/replacement cycles.

3.2.2.2 Broader socio-economic impact

The existing studies concerning the impact of the repurposing of the 700 MHz band on the DTT sector
concern primarily the transition costs, which are tackled in the previous section. Examination of other
socio-economic impacts on the sector, such as impact on market growth, employment or
competitiveness is more challenging. The Ofcom cost-benefit analysis aimed to establish the value
loss to the sector by examining the costs of investments necessary to meet future DTT demand
without the 700 MHz band, estimating this to be £80 million to £100 million (4100 million 7 0140
million)”®.

Ofcom also examined an alternative approach, drawing on a Communication Chambers study which
estimated the marginal value of spectrum to DTT in the UK to be £0.47 billion/MHz. Applying this
figure to the 96 MHz lost as a result of repurposing the 700 MHz band yields an estimate of total value
loss of £45 billion (460 billionn).

3.2.3 Socio-economic impacts - impact on the PMSE sector

The third of the key sectors under investigation is the PMSE sector. PMSE sector is likely to be very
directly affected by the repurposing of the 700 MHz band. A study carried out in Germany found that a
minimum of 96 MHz of UHF TV band spectrum is needed in order to ensure the day-to-day use of
PMSE equipment in productions’®, while the VVA/Helios study conducted in 2013 examined options
that would ensure the availability of at least 60 MHz within a common tuning range’”.

As in the case of the DTT sector, according to consulted stakeholders, the loss of the 700 MHz band
is estimated to represent the loss of 30% of the operating environment for PMSE equipment and it
would therefore constitute a considerable constraint to the industry. As an illustration, one consulted
stakeholder organisation highlighted that a large French production would require approximately 80

"Of com (2014) 6Consultation o n Cdstbenefitaalysisa chanfing itshuse to7 0 0
mobile serviceso.

® Technische Uni versit?at Braunschwei g (2013) 0Unt er s

terrestrischen Fernsehens und des Mobilfunkdienstes sowie weiterer Funknutzungen im Frequenzband 470-790
MHz sowie Bewertung von Optionen zur Verteilung der Frequenznutzungen unter sozio-6konomischen und

frequenztechnischen Gesichtspunkten insbesondere im Teilfrequenzband 694-790 MH z & .

"VVA and Hel i os (2013) -ecdndnsics asectsmad ispectrunf harrsoaizaiion regarding
wireless microphones and cordless videocameras (PMSE equipment).
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links, while the remaining available spectrum only allows to use, on average, 60 links without risks of
interference. In urban areas with many simultaneous productions, avoiding interference is likely to be
challenging without additional spectrum availability. This becomes an even larger challenge for a
large event, such as the Tour de France, which previously used up to 576 links in the UHF band, 183
of which were in the 700 MHz band’®.

The following sections outline the key dimensions of impact.
3.2.3.1 Impact on investment and innovation

As in the other sectors, the key to investment and innovation in the PMSE sector is the regulatory
certainty with regard to spectrum availability. Faced with a loss of 30% of the currently used spectrum,
further investment is likely to be needed, but such investment would require the allocation of
alternative bands for PMSE usage and should be primarily seen as a transition cost (e.g. replacement
and development of new equipment).

If additional spectrum is identified, the further development of the PMSE sector will depend on a
number of factors:

A The typical cycle of equipment replacement is estimated to be 8 years according to the VVA and
Helios study, but may be as high as 10-15 years as highlighted by interviewed PMSE industry
stakeholders. This means that longer-term certainty is needed, in particular for users whose
replacement cycle is at the upper end of this range. This is of particular importance considering
the potential reallocation of 800 MHz and 700 MHz bands in relatively rapid succession;

A According to consulted stakeholders, access to spectrum in the lower UHF band is needed in
order for equipment worn on the human body to operate correctly due to the body effect®;

A Given the use of PMSE equipment for professional audio and video purposes, it is crucial to
ensure high quality with low compression (for further distribution), low latency (for proper
operation of in-ear monitoring systems), and high reliability with no drop-outs (for seamless
productions), which limits the scope for increasing efficiency®’;

A According to stakeholder interviews, development of equipment to function in bands previously
unused by PMSE would be considerably more costly and time-consuming compared to equipment
produced and developed currently.

As a result, further investment and innovation in the PMSE sector will be highly dependent on whether
and when additional appropriate spectrum is identified for PMSE use (bands under study include
1350 i 1400 MHz, 1492 i 1518 MHz, and 1518 i 1525 MHz®%). This does not necessarily mean that
no innovation in the sector will happen. Further innovations in the sector such as recent research on

FEI CAM, SEI NEP, SYNPASE RéundR Bilidle PRSE (J&udi B Gapvier62015 i Réponse
Questions ARCEPDO

“Fehr, M. (2015) O6DKE spectrum recording in the sphere o
Presentation

®¥Fischer, G. (2015). 6 O®PMIE@mETSI STF38Pstandardisation VM B cogBitive
radiotechnol ogy f or PMSEWMO0O86 EUMW 2015 Presentation

8 'Ratkaj, D. (RDML59pdPMSEM sharingd EUMW 2015 Presentat
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cognitive PMSE systems® are likely to take place, although PMSE stakeholders highlight that such
solutions can address interference issues, but not solve spectrum capacity challenges.

3.2.3.2 Broader socio-economic impact

As for investment and innovation, broader socio-economic impact on the PMSE sector (including
PMSE users) will depend on any further allocation of spectrum to PMSE use. Existing research
focused primarily on equipment replacement costs, which is also investigated in the previous
sections.

3.2.4 Indirect socio-economic impacts and impact on other sectors

It is important to also consider other spectrum users and related sectors. Other users potentially
affected by spectrum reallocations in the UHF band include:

A Radio broadcasters, who currently share infrastructure with DTT networks and are therefore
affected by the way spectrum would be used by the DTT sector in the future. In addition, digital
radio broadcasters use Band Ill (174-230 MHz) and are therefore potentially affected by services
moving into spectrum bands below the UHF broadcasting band;

A In the case of cable networks HFC (hybrid fibre coaxial) systems make use of the 700 MHz band
and could experience interference from LTE signals in the same band. This is primarily attributed
to the transmission power of LTE uplink signals and the fact that LTE handsets are close to home
cable networks and receivers®®. These considerations apply also to the 800 MHz band and to date
the negative impacts have been largely mitigated. However, according to cable industry
stakeholders, the introduction of LTE signal in the 700 MHz band could present a further
constraint in terms of relocating cable services along the spectrum to eliminate interference and
could potentially introduce further costs of mitigating interference;

A The railway sector is investigating the use of sub-1 GHz spectrum for the next generation of
railway radio communications;

A 700 MHz spectrum is also used for public protection and disaster relief (PPDR) purposes, with
PPDR applications estimated to require 2x10 MHz of spectrum in the 700 MHz band®*.

While no specific impact of the repurposing of the 700 MHz band has been identified for the above
sectors, the consulted stakeholders stress the importance of ensuring that the approach to
reallocation is a coordinated one, including a more thorough technical assessment of the potential
future coexistence of wireless broadband and other spectrum users.

Other relevant upstream and downstream sectors include content producers and equipment
manufacturers. In the former case, interviews with stakeholders in the broadcasting sector stressed

¥Fischer, G. (2015). 6 O®PMIE@mIETSI STF38Pstandardization v B cogBitive
radi o technol ogy f or0l5PMseiaitio 86 EUMW 2

8 See for instance Robbins, J.andSchi phor st , R. (2011) o6l nterference to
the Digital Dividendi Anal ysi s 6.

84 See http://www.eena.org/press-releases/european-public-safety-community-gives-cautious-

welcome-to-report-on-the-future-use-of-the-uhf-band-in-europe
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the importance of certainty with regard to the future of the DTT platform. The impact of Option A on
content production should therefore be limited in as far as the long-term commitment to the platform is
clear.

Similar concerns are valid also for some equipment manufacturers, who require certainty both in
terms of wireless broadband use, as well as DTT. The German Electrical and Electronic
Manufacturers Association notes for instance that the reallocation of the 700 MHz band or further
parts of the UHF band is a burden to equipment producers, who face changing specifications, which,
in turn, hinders innovation. In that sense, any negative impacts of the option on equipment
manufacturers would be minimised in as far as sufficient certainty regarding the future of DTT is
ensured®. It is however worth noting that while the importance of regulatory certainty for the DTT
platform is also stressed by DIGITALEUROPE, the European digital technology industry association,
it also sees an opportunity for more flexibility in the sub-700 MHz band which could allow
broadcasters to provide a more attractive service to consumers, which in turn would help justify any
potential equipment adaptation®.

3.3 Option B

Option B builds on Option A by designating the sub-700 MHz for flexible downlink-only use. The key
challenges in investigating Option B are the different modalities with regard to the national
implementation of wireless broadband in the sub-700 MHz UHF band, including in particular downlink-
only usage. The following scenarios are therefore possible under Option B:

A No Member State takes further action with regard to repurposing of the UHF spectrum with the
exception of the reallocation of the 700 MHz band. Under this scenario the option is identical to
Option A,

A Some Member States take additional steps to introduce a downlink-only wireless broadband in the
sub-700 MHz band. Under this scenario, the option would be identical to Option A in a subset of
Member States, while in other Member States it would constitute Option A coupled with
supplementary downlink (SDL) wireless broadband in the sub-700 MHz UHF band;

A All Member States introduce SDL in the sub-700 MHz band.

The impact of the option would therefore depend on the scenario and, under the second scenario, the
decisions of individual Member States. In practice, a version of the second scenario is likely to be
observed and for the purpose of the sections below we will focus on investigating the incremental
impact of introducing SDL wireless broadband in the sub-700 MHz band. For the purpose of this study
we assume that:

A DTT penetration would be the key determinant of whether Member States implement SDL;

A Member States with DTT penetration under 50% would implement SDL.

8 ZVEI (DE) response to the Lamy report consultation

% DIGITALEUROPE response to the Lamy report consultation
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Based on 2013 Eurobarometer data®’, only six countries (Croatia, Czech Republic, France, Greece,
Italy, Spain) have DTT penetration of over 50% and, based on the above assumption, would not
introduce SDL in the band. The remaining 22 Member States would do so.

The Member States introducing SDL would in this case account for 61% of the EU population, with
39% of EU population living in Member States without SDL.

Using alternative penetration figures that consider primary and non-primary sets (based on figures
supplied by the Commission), the situation is reversed, with only 11 Member States implementing
SDL (Austria, Belgium, Denmark, Estonia, Germany, Hungary, Ireland, Latvia, Netherlands, Romania,
and Slovenia) and 17 not doing so. This would represent 32% and 68% of the EU population
respectively.

As can be seen above, the choice of penetration figures significantly influences the results of the
analysis. The Eurobarometer data reflect the means of accessing TV services reported by
respondents and hence appear to reflect the importance of DTT in the respective European markets.
Nevertheless, estimates presented in the following sections are based on both sets of data in order to
show potential impact ranges.

The following sections discuss the emerging findings with regard to the option for the three main
sectors.

3.3.1 Socio-economic impact - impact on the WBB sector

The consulted mobile industry stakeholders have conflicting views with regard to the value of the
flexibility to introduce SDL under the policy option.

On one hand, some industry stakeholders see the SDL solution as a means of providing additional
spectrum capacity, while reducing interference compared to uplink connections®. An interviewed
stakeholder organisation also noted that any spectrum release could spur incremental innovation
compared to Option A, especially given the fact that some Member States face lower DTT
penetration. Keeping the above points in mind, any increase in spectrum availability is likely to bring
additional value to the WBB sector. Valuing such additional spectrum availability can in turn indicate
the orders of magnitude of potential benefits.

In addition to the number of Member States implementing SDL, the nature and magnitude of impact
would also be determined by the governance arrangements put in place, as well as the amount of
spectrum that could be used for SDL. The governance arrangements refer in this case primarily to the
way spectrum licenses are allocated and how the use of spectrum is shared between broadcasters
and mobile operators. While SDL spectrum could be auctioned to mobile operators, one can also
envisage a situation where the broadcasters retain more control of the spectrum.

On the other hand, input from stakeholders on the Lamy report, including equipment manufacturers®,
and operatorsgo, as well as interviews with stakeholders from the mobile sector cast doubt on the
degree to which a flexibility option can contribute to investment and innovation:

87European Commi ssion (2013) 1 &-8mmumnicatidns HouseholdSau rovireeyt Ge r
®¥DI GI TALEUROPE (2014) 6DI GI TALEUROPE white paper o

8 Nokia and Alcatel-Lucent responses to the Lamy report consultation
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A Lack of regulatory certainty could slow down the development of equipment, which would be
needed in Member States wishing to use the flexibility option (especially as the sub-700 MHz
band is not used for WBB applications globally). This is also linked to standardisation, with one

interviewe d mobi |l e operator noting that without suff

complete the necessary standardisation process.

A National approaches could exclude any further European harmonisation in the band, which would
limit the incentives for EU-wide market player to invest and would limit the ability of market players
to benefit from economies of scale.

In addition, selected stakeholders also pointed out broader disadvantages of a downlink-only
approach:

A One telecommunications operatornot ed t hat Amobil e operators wo.l
availability of small and uneven portions of frequency bands, as the provision of reliable and
gual ity based services needs | arge, contiguous,

offrequ e n &y o

A Precluding ex ante the uplink use of the band runs a risk that innovations in consumer habits
cannot effectively be taken into account in the future®®, nor developments in the Internet of Things,
which requires uplink connections.

Finally, one important finding is that it is currently not clear to consulted stakeholders to what extent
the option would differ from the flexibility currently possible under the Geneva Agreement 2006
(GEO06). As noted in the ECC Report 224:

A AA key feat ur e italfows@E flesibleiinglenieftatian, facilitating other services,
besides broadcasting, in the band on condition that the spectral power density of an alternative
use does not exceed the associated plan entry and requires no more protection than the
associ ated ptan entry.o

DIGITALEURORPE in its 2015 paper on regulatory options for flexibility in the UHF band investigated a
number of potential choices that could be made with regard to an SDL regulatory framework,
including:

A Whether a co-primary mobile allocation should be pursued;

A Whether a new framework is needed to replace the GE06 framework;

A Whether a new band plan is needed, or whether a whitespace approach is sufficient;

A Whether the broadcast regulator or telecommunication regulator delivers the spectrum license;
A

Who holds the spectrum license;

% Orange and Telecom ltalia responses to the Lamy report consultation
% Telecom ltalia response to the Lamy report consultation
92 Alcatel-Lucent response to the Lamy report consultation

BCEPT (2014) 6 EDoBg TRre ision for e 4JHF broadcasting bando .
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A Whether a 6must carryd obligation s needed

DIGITALEUROPE developed a set of potential scenarios based on these different modalities, with
each scenario aiming to include safeguards for broadcast content. While a detailed analysis of these
different sub-scenarios of Option B would be complex and would require a wide range of
assumptions, one can expect that the distribution of impacts across DTT and WBB stakeholders could
differ substantially. However, for the purpose of the analysis below, we assume that SDL spectrum is
allocated to mobile operators and used for mobile broadband. Under this assumption, two main
issues need to be considered:

A Amount and nature of the spectrum allocated to SDL, in particular the number of MHz and
whether it is allocated as a single bock or multiple blocks of spectrum within the sub-700 UHF
band, as well as the implication of the resulting band plan for other services in the band;

A Potential differences in national implementation.

Existing SDL allocations can be used as an indication of the likely amount of spectrum allocated to
SDL, although SDL in the sub-700 UHF broadcasting band will face different co-existence challenges:

A The Commission Implementing Decision (EU) 2015/750 of 8 May 2015 opened up the 1452-1492
MHz band for downlink-only use®. Orange, Ericsson and Qualcomm have demonstrated the use
of SDL in this band;

A Inthe US, AT&T purchased 716-728 MHz spectrum, which it plans to use for SDL®.

As can be seen above, the existing spectrum blocks designated for SDL use vary from 40 MHz in the
1.4 GHz band (in eight 5 MHz blocks) in Europe and 12 MHz in the 700 MHz band in the US. For the
purpose of the analysis, we will assume that SDL makes use of a single spectrum block of up to 40
MHz across all Member States implementing it.

Given that the primary data collection via stakeholder interviews did not yield any estimates of the
likely value of SDL in the sub-700 band for the WBB sector, it is important to look at data concerning
existing spectrum allocated to SDL.

In a 2011 study for Ericsson and Qualcomm, Plum examined the value of SDL in the 1.4 GHz band by
looking both at producer surplus (calculated as avoided costs of generating capacity that can be
achieved with SDL spectrum) and consumer surplus (as a result of enhanced user experience). It
estimated that:

A Net present value of avoided costs would be in the range of (4 billion to (126 billion for the EEA.

A Net present value of consumer surplus would be in the range of 09 billion to 28 billion for the
EEA.

A The total value would thus be in the range of 0.66 to 2.71 G/MHz/pop®’.

% DIGITALEUROPE (2015) d-lexibility in UHF: Regulatory Options - Analysis of regulatory frameworks

f

or

applicable to the introduction of SDL in the UHF Band ¢

% See http://ec.europa.eu/digital-agenda/en/news/commission-decision-opens-new-frequency-band-advanced-
mobile-services

% See https://lwww.fcc.gov/document/fcc-approves-att-acquisition-qualcomme-licenses

Pl um ( Bddrbrhig study of the benefits from use of 1452-1492 MHz for a supplemental mobile downlink
for enhanced multimedia and broadband serviceso .
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Drawing on these figures, one could estimate the following:

A Total net present value of a 5 MHz block of SDL spectrum would be between 41 billion and (4.2
billion for the countries introducing SDL under the 61% of the EU population scenario (based on
Eurobarometer figures) and between 00.5 billion and 02.2 billion under the 32% scenario.

A A 40 MHz allocation would in turn represent a value between 8.2 billion and 033.5 billion under
the former scenario and between (4.3 billion and 117.7 billion under the latter scenario.

Looking only at the producer surplus based on Plum figures:

A A 5 MHz block would represent a value to the industry between 0.3 billion and G2 billion under
the former scenario and 00.2 billion and 01 billion under the latter scenario.

A A 40 MHz allocation thus would represent a value between (2.4 billion and (15.8 billion under the
former scenario and U1.3 billion and 8.4 billion under the latter scenario.

These figures could be compared to what is known about the sale price of 40 MHz of 1.4 GHz SDL
spectrum in the UK by Qualcomm. While the exact value of the deal between Qualcomm and
Vodafone and Hutchinson 3G, announced in August 2015%, is not known, there are reports of the
sale being valued at £100 million® (G140 million). This is a lower figure than an estimated UK
producer surplus based on the above calculations (00.5 billion to (3.3 bilion f or UKO® s
However, given that the sale prices should be considerably lower than the net present value to the
buyers (otherwise the buyer would not purchase the spectrum), the expected sale price appears to be
of broadly similar order of magnitude as the lower end of the estimates based on the Plum study.

While the above calculations provide some insight into the potential benefits to the WBB sector, they
are based on a number of assumptions regarding the way SDL could be implemented under the
option. In addition, given the uncertainties around the technical feasibility of SDL deployment in the
sub-700 MHz band in the EU, it is not clear to what extent the value of SDL estimated for the 1.4 GHz
band could be effectively used as a proxy for value in the sub-700 MHz band. Furthermore, the Plum
study was carried out in 2011, meaning that it might not serve as an effective proxy for net present
value resulting in an allocation around 2020.

This analysis suggests that while SDL spectrum could generate substantial value, some of the
potential innovations stemming from the option may not be realised due to market players operating
globally and across the EU being reluctant to make necessary investments unless a wider global shift
towards wireless broadband use in the sub-700 MHz UHF band takes place. This in turn suggests
that the impact of the option may be a more localised one, where individual operators decide to invest
in SDL in a subset of Member States implementing the option.

Finally, where Member States choose a more broadcast-oriented SDL scenario, it is likely that the
WBB sector would not be able to extract the same orders of magnitude of benefits from the additional
spectrum as has been outlined in the analysis above.

% See  https://www.qualcomm.com/news/releases/2015/08/25/qualcomm-agrees-sell-uk-l-band-spectrum-

vodafone-and-h3g

9 See http://www.wireless-mag.com/News/37806/qualcomm-sells-uk-I-band-spectrum-to-vodafone-and-three-

.aspx
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3.3.2 Socio-economic impacts - impact on the DTT sector

The impact on the DTT sector will depend on the modalities of national adoption of SDL in the sub-
700 MHz band and would require a more detailed study with regard to coexistence of DTT and SDL
wireless broadband. It is however also important to consider that SDL is assumed to only be
introduced in Member States with lower DTT penetration, where reliance on spectrum availability is
likely to be lower. In fact, in some of these Member States, SDL could be seen as a potential
opportunity for broadcasters to move towards convergent or LTE-oriented platforms. One example is
that of the Finnish broadcaster Yle, which is open to exploring the use of downlink-only wireless
broadband in the sub-700 MHz band"®.

Stakeholder interviews in the sector however see the potential impact of the option as primarily
negative:

A The spectrum availability would be further reduced. According to one interviewed public
broadcaster, even where current demand can be satisfied, this would limit the potential for DTT
providers to introduce further improvements to their service. This is especially the case where
broadcasters are planning to increase in the number of HD channels or introduce Ultra High
Definition (UHD) programming and where the potential further limit on spectrum availability can
hamper that investment'®*;

A In addition, while the certainty with regard to status of DTT in the UHF band was guaranteed
under Option A, Option B is seen by many stakeholders as reducing the certainty with regard to
the future of the DTT platform, which can have a negative effect on investment and innovation in
the sector.

At the same time, according to one of the consulted stakeholders, where SDL is used at least in part

for broadcasting it could also have a positive impact on br oadcastersé advert |
additional revenue could be generated firstly by increasing the number of screens on which content is
viewed (smartphones and tablets in addition to TVs) and, secondly, due to potential for implementing
feedback mechani s ms (e. g. i nformation about t he vi e
advertisers. It is however worth noting that broadcasters are also able to provide such content without
dedicated SDL spectrum.

The relationship between DTT penetration and the expected impact of the option on broadcasters is
also not a straightforward one. For instance, public broadcasters in Germany, despite relatively low
DTT penetration, see further flexibility to provide wireless broadband services in the sub-700 MHz
UHF band as a potential threat to the future of the DTT platform and stress the importance of
ensuring the continuity of the platform®. This in turn suggests that the estimates based on 50% DTT
penetration threshold may overestimate the number of Member States implementing SDL.

Overall, based on stakeholder input and the fact that DTT stakeholders who see the option as an
opportunity currently appear to be in the minority, one can expect that the policy option is unlikely to
generate considerable additional innovation and investment in the sector. As a consequence, it also
appears unlikely to generate growth or employment for the DTT sector.

19 y|E (FI) response to the Lamy report consultation

101 RAI (IT) response to the Lamy report consultation

192 ARD (DE) and ZDF (DE) responses to the Lamy report consultation
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3.3.3 Socio-economic impacts - impact on the PMSE sector

For stakeholders from the PMSE sector, the second policy option constitutes a further reduction in
available spectrum for PMSE applications in as far as SDL wireless broadband is introduced in at
least some Member States. This is coupled with the fact that spectrum sharing between wireless

broadband and PMSE is seen to be particularly interference prone®.

Overall, Option B can be understood as a continuation of Option A for the PMSE industry and a
further reduction in the availability of usable spectrum. According to the industry stakeholders, the
availability of replacement spectrum remains the key precondition for further investment, innovation,
and growth in the sector.

3.3.4 Indirect socio-economic impacts and impact on other sectors

As noted in the previous section, there are a number of considerations with regard to the coexistence
between wireless broadband and other technologies making use of spectrum, such as cable
networks. The impact of Option B is however not likely to be significantly different than that identified
under Option A for most other spectrum users.

The option can however be seen as a potential further source of uncertainty for content producers
and some equipment manufacturers, as noted above, although it important to note that
DIGITALEUROPE is in favour of this option.

3.4 Option C

The fourth option involves a complete clearance of the UHF band for wireless broadband services,
implying that a new platform would need to be found for DTT and new spectrum bands for PMSE. The
following sections outline the impact on the three sectors.

3.4.1 Socio-economic impact - impact on the WBB sector

Additional spectrum release would be beneficial to the wireless broadband sector. At the same time,
the stakeholders from the industry generally found it difficult to identify the potential benefits of the
option. There are two main reasons for this:

A According to consulted mobile industry stakeholders, the designation of the whole UHF
broadcasting band for wireless broadband services by 2020 is considered to be less feasible than
other investigated options and hence it has not been considered in detail by the stakeholders;

A The band is not used by wireless broadband in other regions, meaning that any impact would be
dependent on, among others, development of necessary equipment. This development would in
turn need to be coordinated with the processes of releasing the band in order to ensure that
benefits can be realised. Hence, a number of parallel developments would need to take place for
benefits in terms of investment and innovation to materialise.

It is also worth noting that some stakeholders dispute whether the wireless broadband sector would
be able to generate economic benefits (in form of cost savings translated to lower prices) as a result

103 BEIRG (UK) response to the Lamy report consultation
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of the allocation. The Aetha study noted that the value of the spectrum in the UHF band to mobile
industry would depend on the traffic forecast. It estimates that no impact would be generated using an

Of comds traffic forecast, as the dée%aomdvercas noteth e

previously, sub-1 GHz spectrum has qualities that make it suitable for specific uses, meaning that
even if it is not used to meet traffic demand, it could still spur additional innovations in areas such as
the Internet of Things.

Under higher demand projections, Aetha estimates the value of the 47071 694 MHz band to the mobile
industry would be estimated at (110.3 billion'®. This would in turn bring about other benefits such as
employment. As noted above, such impact would depend on the availability of necessary equipment
to operate in the band.

When looking at potential impact on the WBB sector, it is also worth considering the possibility of LTE
being used for broadcast. While all consulted stakeholders agree that DTT is a considerably less
costly platform compared to potential alternatives, a study by Qualcomm found that the value of
spectrum freed as a result of switching from DVB-T2 to a LTE broadcast platform is likely to
considerably exceed the additional cost of LTE broadcast'®. While this suggests that freeing up of
UHF spectrum can offset higher costs of LTE broadcast, it assumes that LTE can be a potential
substitute for a DTT platform, which, given the current state of technology, is disputed by DTT
stakeholders. In addition, the potential benefit would also depend on the way LTE broadcast uses
existing or freed spectrum, as well as the willingness of licence holders to use the spectrum for LTE
broadcast.

3.4.2 Socio-economic impacts - impact on the DTT sector

For the DTT sector, Option C effectively constitutes the elimination of the existing DTT platform. While
this would force investment into alternative forms of delivering content, this investment should in the
first instance be considered a transition cost, with such costs discussed in the previous section.

According to interviewed broadcasting stakeholders, the impeding discontinuation of the DTT platform
is likely to carry with it considerable reduction in investment in content, especially for public
broadcasters, which, also challenges the foundations of the European audio-visual model.

Another potential impact is the reduction in competition, which can result in higher prices as well as
reduced innovation. Aetha aimed to estimate the various costs associated with the discontinuation of
DTT in the UHF band finding that:

A Transition costs would amount to (119.7 billion in terms of consumer equipment and (10.8 billion in
terms of the costs of setting up a new platform;

A Costs of reduced TV platform competition, measured in terms of higher prices would amount to
(14.2 billion™’.

“aetha (2014) 6 Fuit6®Midz band €R eopfo rtthef o&r70Aberti s, Arqiva,
®“Aetha (2014) 6 BM0it64Midz band €R eopfo rtthef or Aberti s, Arqiva,

1% The study has not been published, but results were shared with the contractor

Waetha (2014) 6 Fuit6®Midz band €R eopfo rtthef o&r70Aberti s, Arqiva,
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3.4.3 Socio-economic impacts - impact on the PMSE sector

The impact of the option on the PMSE sector would, as in the case of Options 2 and 3, depend on
finding replacement spectrum. If no such spectrum is available, PMSE users effectively lose access to
a very large portion of previously accessible spectrum (with only VHF band and 800 MHz and 1800
MHz duplex gaps remaining'®). According to consulted stakeholders, without replacement spectrum,
the value generated by the sector would be foregone, since it would not be possible for PMSE users
to use the equipment.

A migration into a replacement band would prevent this, but would carry with it considerable costs. In
addition, while uncertainty about future spectrum availability is likely to hamper investment and
innovation until that reallocation is certain, especially given the sector characteristics outlined in the
previous sections.

3.4.4 Indirect socio-economic impacts and impact on other sectors

For a number of sectors, the key concern under this policy option remains the possibility of
coexistence alongside wireless broadband (in particular for cable networks and potential railway radio
communications).

A more substantial impact could be expected for the radio sector, however. As noted above, radio
broadcasters currently share infrastructure with DTT broadcasters. If DTT broadcasters were to stop
using the infrastructure due to the migration to a new platform, the costs of maintaining the
infrastructure would need to be carried solely by radio operators, which, according to interviewed
stakeholders, constitutes an unsustainable cost. A further potential impact could materialise if TV
broadcasting were to move to lower bands, potentially affecting spectrum used for digital radio. This is
however not envisaged under this option.

Another dimension of indirect impact relates to the impact of the DTT platform migration on the
broader DTT ecosystem. Interviewed broadcasting industry stakeholders noted that a change in the
delivery of public broadcasting content could pose a threat to current funding sources and, as a
consequence, have negative impact on the sectors involved in the production of audio-visual content,
as well as the broader public service mission of public broadcasters.

®patkaj, D. (RDML59p dPMSEM sharingdé EUMW 2015 Present al
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4 SocCal tur al | mpact

This section outlines the findings with regard to the socio-cultural impact of the identified options
based on the stakeholder interviews and desk research conducted. The particular focus in these
sections is on the impact to wireless broadband users and listeners and viewers in terms of coverage,
quality, diversity, and access to content.

4.1 Option A

4.1.1 Socio-cultural impacts - Impact on coverage

Impact on coverage includes both the impact on wireless broadband coverage, as well as the impact
on DTT coverage. In isolation, the reallocation of the 700 MHz band from DTT to wireless broadband
along with a coverage obligation should result in an improved wireless broadband coverage and
unchanged or deteriorating DTT coverage. However, a number of factors affect the likelihood and
magnitude of potential impacts. Three key determinants of the impact will include:

A The commercial decisions and subsequent use of spectrum in the 700 MHz band by wireless
broadband providers, including the results of spectrum auctions in individual Member States;

A The national approach to the coverage obligation, including specific terms and interaction with
existing obligations 7 while consulted mobile operators are generally open to coverage
obligations, they note that inflexible or badly designed obligations can fail to bring about the
desired impacts;

A The adaptations by DTT networks in the sub-700 MHz UHF band.

This is discussed in more detail in the following sections.
4.1.1.1 WBB coverage

With regard to WBB coverage, stakeholder consultation has highlighted the value of the 700 MHz
band, with the following characteristics highlighted:

A The bandds propagati on c h eapagilyin mimliaeas and smdoorst®® this mp r

in turn making it well-suited for Machine-Type Communication (MTC)**;

A In rural areas with lower demand, lower frequency networks need a smaller number of base
stations than networks operating in higher frequency bands, meaning that geographic coverage in

such areas can be achieved at lower costs**!.

These points, when coupled with a coverage obligation, suggest the repurposing of the 700 MHz
should result in improved coverage. In addition, one of the consulted mobile operators notes that the
700 MHz band would allow to better explore potential for carrier aggregation, which can ensure higher
speeds. To what extent these improvements can be translated into visible improvements in the

199 Telefonica response to the Lamy report consultation
MWErjicsson (2015) O6EriiOns stchre NPaulH islei toyf RehpeorNtet wor ked Soc

11 Telecom Italia response to the Lamy report consultation
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number households covered by wireless broadband as well as next generation access (NGA)
wireless broadband and hence contribute to achieving the Digital Agenda targets is more difficult to
estimate. None of the consulted industry stakeholders were able to provide estimates, although one
mobile operator active noted that in countries with relatively high wireless broadband coverage, the
additional capacity is likely to primarily contribute to improving speeds rather than necessarily
covering previously uncovered households.

In that sense, the improvements in coverage will also depend on existing coverage levels. In 2014,
the household coverage across the EU was 97.3% for HSPA and 79.4% for LTE, with the figures
being 88.9% and 27.0% respectively for rural households™?. The following figures, based on the 2014
Broadband Coverage Europe study shows the variation in these figures across the EU.
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Figure 21: Overall HSPA and LTE coverage (BCE 2014)
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Figure 22: Rural HSPA and LTE coverage (BCE 2014)

As can be seen in the above figures, a number of Member States already have high level of wireless
broadband coverage. The EU28 coverage is 97.3% with 18 Member States registering coverage of at

112 Broadband Coverage in Europe 2014
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